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(54) Title of the Invention: Adaptive use of multiple receiver chains 
Abstract Title: A multi-antenna receiver is switched between receiver diversity mode and carrier aggregation 
mode on the basis of network or/and terminal parameters 

(57) A multi-antenna receiving terminal can be switched 
between a receiver diversity mode (Fig. 1 ), in which the 
same data is received at each of a plurality of different 
antenna, and a carrier aggregation mode (Fig.2). In the 
carrier aggregation mode data has data been 
multiplexed across multiple carrier frequencies and 
each carrier is received by a different respective 
antenna. A network element (e.g.eNodeB) decides 
whether to switch between modes based on a network 
parameter, such as load, or a channel quality indication 
and instructs the receiving terminal accordingly. Carrier 
aggregation mode is also known as spectrum 
aggregation mode, dual carrier mode and dual cell 
mode. 
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ADAPTIVE USE OF MULTIPLE RECEIVER CHAINS 

The present invention relates to a system using multiple receiver chains 

adaptively to increase cellular telecommunications network capacity at different 

s load levels. In particular, the invention increases the data throughput supported by 

a mobile broadband terminal and increases the capacity of the supporting network. 

A known technique for increasing the capacity of a cellular 

telecommunications network such as HSDPA, LTE, WiFi or WiMAX is to bond 

1 o together two parallel carriers. This approach is ca11ed carrier or spectrum 

aggregation. 

The conventional solution to implement carrier aggregation would be to 

duplicate the entire receiver hardware, or substantial parts of it, with substantial 

15 added cost. 

High performance receivers already have duplicated hardware with two 

parallel receiver chains. These are currently used to implement another well 

known technique called receiver diversity. Receiver diversity can itself 

20 substantia11y increase the throughput of a terminal and the capacity of the 

associated network. 

HSDPA (High Speed Downlink Packet Access) is a packet-based data 

service in the 3rd generation W-CDMA (Wideband Code Division Multiple 

25 Access) systems, which provides high-speed data transmission (with different 

theoretical peak download rates according to the HSDPA technology step e.g. 

7.2/10.8/16.2/21.6/28.8/42 Mbps over a 5MHz bandwidth) to support multimedia 

services. 
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In order to reach higher theoretical peak rates (28.8 Mbps with 3GPP 

Release 7 or 42 Mbps with Release 8), the MIMO (Multiple Input Multiple 

Output) feature is used in HSDP A, in which multiple antennas are implemented at 

5 both base station (Node B) and mobile terminals (UE: User Equipment). As 

mobile terminal hardware implementing the MIMO feature is provided with two 

parallel receiver chains, MIMO may be considered a variety of receive diversity. 

The basic MIMO feature as standardised in 3GPP Release 7 requires (just) 

10 two transmitter antennas (at the node B) and two receiving antennas (at the UE) 

using a common carrier. At the transmitter, the transmitted data is divided into two 

data streams and transmitted through the two antennas using the same radio 

resource (same time i.e. Transmission Time Interval (TTI) and HSDP A codes). 

The two streams of data are recovered by the U E from the signals received via its 

15 two antennas. Clearly then, the MIMO feature needs support in MIMO-enabled 

terminals as well as in the network. 

In order to deploy MIMO at the node B and to transmit two parallel data 

streams, two power amplifiers are required per sector ( one for each of the two 

20 antennas). In order not to limit the use an entire carrier for MIMO only (5MHz), it 

is more efficient and practical to use the same carrier as devices that are not 

MIMO-enabled (e.g. HSDPA legacy terminals) to utilise all available capacity. 

MIMO technology is an important step in the evolution of HSDPA, as it 

25 provides higher data rates in downlink whilst further improving spectrum 

efficiency. 
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Receive diversity is not limited to the use of two parallel receive paths: the 

same feature can be implemented in hardware having three or more antennas. 

Furthermore, where three or more antennas are available it is entirely possible that 

only a subset of the available antennas be used to provide parallel receive paths at 

5 any given time. 

In the context of implementing earner or spectrum aggregation usmg 

terminals readied for MIMO technology, it has previously been suggested that the 

second receiver, which was originally designed to allow receive diversity/MIMO, 

10 could be redeployed and tuned to a different channel instead, to implement carrier 

aggregation. A major disadvantage in taking this approach would be the complete 

loss of the receive diversity/MIMO gain. 

In accordance with one aspect of the present invention, there is provided a 

15 network element in a cellular telecommunications network for increasing network 

capacity, the network including at least one mobile data terminal equipped with a 

plurality of receivers, the terminal being operable to communicate with the 

network element in a receiver diversity mode and in a carrier aggregation mode, 

the network element including: a decision making unit that instn1cts the terminal to 

20 switch from receiver diversity mode to carrier aggregation mode in dependence 

upon at least one input parameter. 

25 

The network element is typically an eNode B or base station but could also 

be another element such as an Access Gateway. 

1¥$ iill be a.ppa.ri11.t ffl"Q1Il tl1e l)l"@Q@O,lllg O,lS@tl$SiQ11, wtliti tliij tett11111a.l 

liatdwate nas twee hthiqfe ahtennas~ tnete wm me mttnet gpfio11s 111 aamuo11 to all 
avauaule aAt¢nbtts nehig sK¥itcn¢d no111 tec¢ivtt div¢rsity b1oat to ¢arfitt 
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aggr¢gt1Ji•ti mode. @ofisidet•••••a••••••scenafio••••••wnete•••••tnete••••••ate fdut•••••a11teooas••••••m•••••tne 
tenni11a-1 s twp qf t11e r &t1r a-l1t¢1111a-s; miY ne swit¢11ec1 tp ¢a.ii er liiteiat1q11 mqcle 
w1111e Jn@ temiinlni twq 1niY Pe 1erttn r¢q¢iw@r <11y¢ts;11:y mg&¢. mue 111v¢11tJ&11 rs 
nonetheless imtHeinentea for at Jeasta subset of the receiver antennas at the 

s terminal. 

rt is tirefeied that one or more of the at least one int>ut t,arameters as a 
nt611&tu•••iarab1ete-t.• •tn••parucmat,•••tue•••at••••11ast•••one••••1niut••Parallieter•••may•••co1'fespo11d 
to a measured 11¢twotI< tdad 1e-ve1 at tbe netwdrI< eletdeiit; aua t11e $witc1Uug 

10 i11sttt1cti&11 111a-y tfle111:;e tta.1ii11itted 1ne11 tbe lqa.tt leYel is; ca.1ct11a-teq 10 Pe 1'e1qw a 
nrst••11redeter111mea•••thtesno1a••vamt. 

I11 tllis a_s;pe¢t, the i11y¢11\tiq1j tal<es a.qya.11ta-ge pf t11e fa¢t that earner 
aiiteiatiou offers rnts ireaJe$t a&vautage tdioer otffereut circumstaiices n-om 

15 teteive <iiyetsi1Y ot JMIR@. 1111 patti¢1.1tar, tbe advantage &f taiier aigteiattQl1 is 

20 

25 

ire@tes1••••a.t•••1Pwet•••1Pad•••••1evels.•• •m11e••••P¢rfR1'11la11te••••()r••tne•••netwot1<••••¢a11•••ne••••111iiim1s;¢ct 
l,y adaitiyeli tte11tpyi11g t11e receixers 111 eatn mPiile data ter1niµal acqpi-qt11i t() t11e 
1rai1:nctoad u1 ttie network and me c1nt1111enconditions oetweentheterminar a11a me 
iletwork. 

w11e 111we11ti&11 tlleref ore 11rovi&es an actapti[ve system i11 wbich tne 11etMfori 
instructs terminals tiiat are equipped with two or mdte receivers to 011erateun a 
«svectrµtttl¢aiiet aigregatio11111oc1em provided the Ipad Ieyel 111 a gi-ve11 ce11r&t 
secto:r is oa1otuateo to we uemw a rttstp-tedetennineo tnresho1a value. 

In the event of heavy loading oftlie system (i.e. substantially above the first 

threshold value for a significant time), the network element ( for example the 

eNodeB) instructs those multiple receiver terminals to redeploy their second 
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receiver on to the same channel as the first and to switch to a "receiver diversity 

mode". 

Likewise, in the event of a change from heavy to light loading of the system 

5 (i.e. substantially below a second threshold value for a significant time), the 

network element (i.e the eNodeB) instructs those multiple receiver terminals to 

switch to "carrier aggregation mode". 

In addition or alternatively, one or more of the at least one input parameters 

10 may be a terminal parameter. 

Preferably, the mode determined by the network may further be determined 

by the channel quality indication reported by the terminal. Additionally or 

alternatively, the mode determined by the network may be determined by the 

15 estimation of the diversity gain of the terminal. 

The mode determined by the network be determined may additionally or 

alternatively be determined by the characteristics of the data traffi.c. 

20 In accordance with another aspect of the present invention, there is provided 

a method of operating a cellular telecommunications network to increase network 

capacity, the network including at least one mobile data terminal equipped with a 

plurality of receivers, the terminal being operable to communicate with the 

network element in a receiver diversity mode and in a carrier aggregation mode, 

25 the method including: obtaining at least one input parameter; and instructing the 

terminal to switch from receiver diversity mode to carrier aggregation mode in 

dependence upon said at least one input parameter. 
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The carriers aggregated in carrier aggregation mode are preferably two or 

more consecutive carriers within one frequency band. Alternatively these carriers 

may be non-consecutive carriers within one frequency band. 

5 Optionally, the aggregated in carrier aggregation mode are preferably non-

10 

consecutive carriers within two or more.frequency bands. 

The cellular telecommunications network may operate in either paired or 

unpaired spectrum allocations. 

The cellular telecommunications network preferably uses a bearer 

technology selected from the following technologies: OFDM, OFDMA or CDMA. 

As mobile terminals are already being deployed with more than one receiver 

15 paths in order to operate with receive diversity or MIMO modes, these multiple 

receiver paths may be suitable for operating the invention, the invention also 

reduces the cost of implementing a receiver capable of carrier aggregation. 

It is an object of the invention to obviate or at least mitigate the above 

20 problems. 

For a better understanding of the present invention, reference will now be 

made, by way of example only, to the accompanying drawings in which:-

Figure 1 shows a receiver arrangement in the receive diversity mode; 

25 Figure 2 shows a receiver arrangement in the carrier aggregation mode; and 

Figure 3 illustrates diagrammatically the operation of a decision making unit 

as required in the present invention. 
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Eigtire r slJdwJs an e®am1Me iJ111iJ¢11i¢iitaU&ti of the Invention with a 
qiy@l'Sity,/fflIJ\1([) pq11figt1ratiq11 witl1 tWQ If r¢¢¢iy¢ Ql'@ll¢f1¢$ ij11cl twq @pt¢llll<l-$ 

wllipll qp¢ra\t¢ a\t f 11¢ S<l-lll@ fr¢qµ¢11py. mn@ 1'a.s¢1Ja,pq f)l"QP¢S$111j 1$ QQ1lllll()11 fql' l,qt1l 

r@¢ei-ve 1'tiu¢11e$. m111 r@¢@i-ve bri11¢11¢s 111a-y &<e rtt1pl¢ment¢0 r,llisitaJly s¢t1ira-t¢t1 
s qr w1111i11 a s111gl¢ ¢Flin. 

¢911t1gtttati911 wl1¢re mi l\yQ receiie n11i.11¢111~s operate at q1'ffer¢11t fr¢qµ¢llt}i@s. J11 

this ¢@st, tJJffet¢tU antennas ma& P¢ 11seo, ddanemativ¢Iw both RE rettive vran¢11¢s 
10 cofanect••to•••me••same•••mueidial 

Biittr¢ a sliQws a aec:isid11 miii11g ti nit A;. it will b@ pf 6-videtl with inpm 
pita-meters a fr9111 tile 11¢twor1<, s11¢11 as IPii Pr s¢11¢c1µ1i11g ¢q11stta-ints. B c1e11qtes 
innut r>atam¢tets n-&m tb.e netw&tl<. csuc11 as the n¢tw&t1<. maa), wb.ile c 4¢n&t¢s 

1, 111pµt ia.t@1n¢1¢rs rram 111e tet111i11@1 sµc:11 is G(l)Il SNRt s:N111, anEI, ¢qi¢I@tiq11, 
fr¢qt1¢11o&••cliy¢rsity, ... pijttery•· $tit¢. xne•• cl¢¢isiq11•·q11·•t¢rmi11a.t••¢q11figttrijtiq11·•I[)•·•i$·•tl1¢l1 
¢&nveweq••to••tJ1e•••tetmtnau 

In an example embodiment of the invention, a decision making unit or 

20 procedure is deployed within the network (i.e. within the eNodeB). One way to 

implement such a decision making unit is as part of the scheduler. The decision 

making unit can have as objectives to optimize the throughput of the individual 

terminal or the aggregate throughput of the cell. 

25 The decision making unit applies an appropriate hysteresis in order to 

prevent oscillations between different terminal configuration states. 

Also, the input data to the decision metric has to be averaged in an 

appropriate manner, especially over time. If a terminal is only for a short period of 
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time in a signal condition where diversity would be more appropriate than carrier 

aggregation (i.e. when it is fast driving in a vehicle), switching the terminal 

configuration should not be done. Therefore, the decision making unit has to 

estimate the stability of a certain signal condition. One possible means to do this is 

s sliding window averaging. 

Examples of suitable input parameters for the decision making unit include: 

the network load; the CQI values ( channel quality indicators); terminal SN R 

(signal to noise rate) or SNIR (signal to noise and interference ratio) prediction; the 

10 Block Error Rate (BLER); the precoding index determined by the terminal; the 

correlation between the receiver branches; the frequency diversity across the 

candidate bands for aggregation. 

Further optional input to the decision unit may include data corresponding to 

15 the characteristics of the data traffic for a specific terminal. Such data may be 

obtained either by using Quality of Service (QoS) classes or by traffic class 

estimation by the network, i.e. deep packet inspection or by statistical analysis of 

the traffic. 

20 It is well-known that carrier aggregation has more benefits for bursty data 

traffic (such as web-browsing). A simple estimation of the burstiness or the index 

of the predominant traffic class may be used as a further input to the decision 

making unit. 

25 As the reader will appreciate the decision making unit does not require all of 

the above input parameters to be present - the decision upon when or whether a 

particular input parameter is to be use may be determined by the degree of effort 
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needed to obtain the values and the effectiveness for the decision making for the 

specific communications network implementation. 

In an alternative embodiment, the decision whether to instruct the use of 

s either carrier aggregation mode or receiver diversity mode also takes into account 

the power consumption of both modes and/or the current battery state of the 

terminal. The power consumption estimates of both methods are either stored in a 

look-up table or are measured within the terminal. When power consumption is 

critical (i.e. the battery is low), the more power efficient method is preferred - this 

10 may be effect by the application of a weighting/correction term in the decision 

metric. 

In a further embodiment, the decision to switch between receive diversity 

mode and carrier aggregation mode is made by the terminal, with assistance from 

15 the network. 

The preceding discussion concentrates on the benefits of the invention for 

mobile terminals that are in power limited but not necessary code limited 

conditions. In this discussion, it is also assumed that the first carrier is on a higher 

20 frequency band than the second frequency band with which the first band is to be 

aggregated. In both cases, the assumptions need not hold for the invention to be 

implemented. 

When switching to carrier aggregation mode, the scheduler needs to set an 

25 appropriate transport block size for communications on the second (newly 

switched to) carrier. The transport block size may be determined by making an 

estimated adjustment based on pathloss/frequency band. If it is assumed that the 
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second carrier is less loaded than the first the transport block size can always be set 

to be at least equal to the block size on the first carrier. 

Throughout this document, the term "receive diversity" is to be understood 

s to encompass both receive diversity and related technologies, such as MIMO. 
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CLAIMS: 

1. A network element in a cellular telecommunications network for increasing 

network capacity, the network including at least one mobile data terminal equipped 

with a plurality of receivers, the terminal being operable to communicate with the 

5 network element in a receiver diversity mode and in a carrier aggregation mode, 

the network element including: 

10 

a decision making unit that instructs the terminal to switch from receiver 

diversity mode to carrier aggregation mode in dependence upon at least one input 

parameter. 

2. A network element as claimed in claim 1, wherein one or more of the at least 

one input parameters is a network parameter. 

3. A network element as claimed in claim 2, wherein the at least one input 

15 parameter corresponds to a measured network load level at the network element; 

and wherein the switching instruction is transmitted when the load level is 

calculated to be below a first predetermined threshold value. 

4. A network element as claimed in any one of claims l to 3, wherein one or 

20 more of the at least one input parameters is a terminal parameter. 

5. A network element as claimed in claim 4, wherein at least one of the input 

parameters is the channel quality indication reported by the terminal. 

25 6. A network element as claimed in claim 4 or claim 5, wherein at least one of 

the input parameters is an estimation of the diversity gain of the terminal. 
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7. A network element as claimed in any one of claims 4 to 6, wherein at least 

one of the input parameters is a metric characteristic of the data traffic. 

8. A method of operating a cellular telecommunications network to increase 

5 network capacity, the network including at least one mobile data terminal equipped 

with a plurality of receivers, the terminal being operable to communicate with the 

network element in a receiver diversity mode and in a carrier aggregation mode, 

the method including: 

obtaining at least one input parameter; and 

10 instructing the terminal to switch from receiver diversity mode to carrier 

15 

20 

aggregation mode in dependence upon said at least one input parameter. 

9. A method as claimed in claim 8, wherein one or more of the at least one 

input parameters is a network parameter. 

10. A method as claimed in claim 9, wherein the at least one input parameter 

corresponds to a measured network load level at the network element; and wherein 

the switching instruction is transmitted when the load level is calculated to be 

below a first predetermined threshold value. 

11. A method as claimed in any one of claims 8 to 10, wherein one or more of 

the at least one input parameters is a terminal parameter. 

12. A method as claimed in claim 11, wherein at least one of the input 

25 parameters is the channel quality indication reported by the terminal. 

13. A method as claimed in claim 11 or claim 12, wherein at least one of the 

input parameters is an estimation of the diversity gain of the terminal. 
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14. A method as claimed in any one of claims 11 to 13, wherein at least one of 

the input parameters is a metric characteristic of the data traffic. 

s 15. A network element as hereinbefore described with reference to the 

aforementioned drawings. 

10 

16. A method as hereinbefore described with reference to the aforementioned 

drawings. 
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