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Discussion
Scope
This paper presents simulation results for the performance of PUCCH Format 2 with increased payload, using 2 transmit antennas, and compares the performance of different multi-antenna transmission modes and coding schemes. More specifically, the spatial orthogonal-resource transmit diversity (SORTD, Ref. [7]) and spatial orthogonal resource spatial multiplexing (SORSM, Refs. [7], [8]) are compared.  The coding schemes considered in this document are the Reed-Muller (RM) block code and the tail biting convolutional code (TBCC).  The impact of antenna correlation as well as of the transmit antenna gain imbalance (AGI, Ref. [9]) is analyzed through simulations.

1. 
Introduction
During RAN1 #58, spatial orthogonal-resource transmit diversity (SORTD) has been selected for the transmit diversity scheme for PUCCH Format 1/1a/1b (see Ref. [1] and Section 6.2.1 of [2]).  However the transmit diversity (TxDiv) scheme for PUCCH Format 2 is left FFS. 
In LTE-A, to support Cooperative MultiPoint communications (CoMP), or higher order DL MIMO (e.g. 8x2), a larger PUCCH  payload size than that used in Rel-8  PUCCH format 2/2a/2b may be needed (see Refs. [4], [5], [6] and [7]).  In LTE Rel-8, the channel coding adopted for PUCCH Format 2/2a/2b is the Reed-Muller (RM) code (20,A) (Ref. [3]), where A≤11 for normal CP, and A≤13 for extended CP.  As the payload size increases above 13 bits, the coding rate increases, and the coding gain decreases correspondingly.  Thus it is possible that the 1x2 SIMO (i.e. receive diversity) antenna configuration with increased payload size will not meet the control channel performance requirements (assuming the Rel-8 requirements of BLER=1% for SNR=1dB, ref. [10]).  To mitigate that, multi-antenna transmission techniques are considered for PUCCH Format 2 with increased payload in conjunction with possibly different coding schemes.  For example, numerous contributions have analyzed the performance of SORTD for PUCCH Format 2/2a/2b (e.g. Refs. [7], [6], [8]), as well as SORSM (e.g. Ref. [6] and [8]), STBC, Multi-STBC, SCBC etc.
In this contribution, we compare the performance of an extended RM code (RM (20,A) with A≤16) used with SORTD to the performance of rate-matched rate 1/3 tail biting convolutional code (TBCC), used with either SORTD or SORSM.  The Rel-8 RM (20,A) code with A≤13 is extended to (20,A) with A≤16, and labelled Ext-RM throughout this document.  Additionally, the effect of UE transmit antenna gain imbalance (AGI) as well as the antenna correlation on the PUCCH performance is evaluated. 
The simulation results presented in this contribution assume normal cyclic prefix.  As such, for PUCCH format 2, the payload size (defined as the number of information bits at the input of the encoder) is equal to the size of the CQI (inclusive of PMI and RI).  In the remainder of this contribution the terms “CQI size” and “payload size” may be interchanged. 
2.  Transmit Diversity and Coding Schemes
2.1  Spatial Orthogonal Resource Transmit Diversity
As agreed in RAN1 #58 and reflected in Section 6.2.1 of TR 36.814 (Ref. [2]), in SORTD the same modulation symbol from the uplink channel is transmitted from two antenna ports on two separate orthogonal resources.  A block diagram of SORTD applied for PUCCH Format 2/2a/2b is shown in Figure 1.  As shown in Figure 1, several types of encoders were simulated in conjunction with SORTD (for Format 2), as follows.  For payload sizes of 13 bits and less, the Rel-8 Reed-Muller (20,A) encoder is used.  For larger payload sizes (e.g. 14 or more) we simulated the rate 1/3 tail biting convolutional coder currently used in Rel-8 for PUSCH and an extended Reed-Muller code.  In the case of using the rate 1/3 tail biting convolutional coder, the Rel8 rate matching algorithm (Ref. [3]) is applied to rate match to 20 bits. 
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Figure 1:  Spatial orthogonal-resource transmit diversity (SORTD)
2.2  Spatial Orthogonal Resource Multiplexing
A block diagram of the SORSM transmission scheme in conjunction with the TBCC is shown in Figure 2.  In this scheme, due to the spatial multiplexing, two different streams of data can be transmitted from the antennas.  This enables increasing the number of encoded bits from 20 (for SORTD) to 40. This results in a lower coding rate and thus in increased coding gain.  After channel coding, the encoded bits are split to different orthogonal resources, thus two orthogonal resources are required as in SORTD.
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Figure 2 Spatial Orthogonal-Resource Multiplexing (SORSM)
3.  Simulation Assumptions
The link level simulation parameters for PUCCH format 2/2a/2b with larger payload are listed in Table 1. 
Table 1 Simulation Parameters
	Parameter
	Explanation/Assumption

	Bandwidth
	5 MHz

	Carrier Frequency
	2.0 GHz

	Frequency Hopping 
	Enable 

	Antenna Configuration
	SIMO  Tx:1   Rx:2 
MIMO Tx:2   Rx:2

	Channel Model
	ETU
UE mobility: 3 kmph 

	Antenna Gain Imbalance (AGI) 
	0,  6 dB 

	Antenna Correlation 
	· Uncorrelated: Tx: 0     Rx: 0
· Correlated: Tx: 0.5  Rx: 0.9 (see Ref. [5])

	PUCCH format
	Format 2

	UE multiplexing 
	1 

	Receiver Type
	MMSE

	Sequence detection
	ML 

	Orthogonal Resource assignment for UE
	Based on 3GPP TS 36.211 v 8.5.0

	Spatial coding and coding size 
	1. 10, 11 bits: 
a. Reed-Muller with SORTD 
b. Rate 1/3 TBCC with puncturing, using SORTD (for comparison purposes only)
c. Rate 1/3 TBCC with repetition, using SORSM (for comparison purposes only)
2. 14, 16 bits:
a. Rate 1/3 TBCC with puncturing, using SORTD
b. Rate 1/3 TBCC with puncturing, using SORSM
c. Ext-RM with SORTD.

	Sampling Frequency
	1xNyquist rate

	FFT size
	512 

	Channel Estimation
	Practical

	Cyclic Prefix Type
	Normal CP


4.  Simulation Results
Simulation results for PUCCH format 2 with 10, 11, 14 and 16-bit payload are shown in Figure 3 to Figure 6, as follows.  Figure 3(a) to Figure 6(a) show the performance for uncorrelated antennas and no AGI.  Figure 3(b) to Figure 6(b) show results for correlated antennas and no AGI while Figure 3(c) to Figure 6(c) show results for uncorrelated antennas and 6 dB AGI.  The performance of the 1x2 configuration is shown in each figure as a baseline.  It should be noted that although in LTE-R8 [3], RM coding is used for payloads smaller than 13 bits, the performance of TBCC for 10 and 11 bits payload is shown for reference and to allow comparisons with the TBCC performance for larger payloads. 

As expected, due to the transmit diversity gain provided by SORTD, the simulation results show that SORTD outperforms SIMO (1x2).  More specifically, for payload size 10 and 11 bits, the gain is about 1.5 dB and payload size 14 and 16 bits, the gain is about 2 dB at 1% BLER.  In addition, it should be noted, that  Ext-RM codes have similar performance as TBCC in SORTD complexity..
It is seen from Figure 3(a) to Figure 6(a) that, for large payload size (
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14bits), SORSM has approximately 1.2dB gains at 1% BLER over SORTD for the case of uncorrelated antenna and no AGI while it yields similar performance for smaller payload size (10 and 11 bits).  This is because of the coding gain is higher in the case of SORSM compared to SORTD, and as the payload size increases, the coding gain becomes more critical to the performance.  For highly correlated antennas (
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), Figure 3(b) to Figure 6(b) show that SORSM still outperforms SORTD for large payload size.  Similar conclusions can be drawn from the case with AGI.  Under severe AGI (6 dB), the 1% BLER performance of SORTD degrades by about 2dB for all payload size considered in the simulation.
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( c ) Antenna Correlation Tx:0 Rx:0, AGI=6 dB
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Figure 3:  BLER of PUCCH format 2 with 10-bit Payload (1 CQI multiplexed) 
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( a ) Antenna Correlation Tx:0 Rx:0, AGI=0
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( c ) Antenna Correlation Tx:0 Rx:0, AGI=6 dB
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( b ) Antenna Correlation Tx:0.5 Rx:0.9, AGI=0
Figure 4:  BLER of PUCCH format 2 with 11-bit Payload (1 CQI multiplexed)  
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( a ) Antenna Correlation Tx:0 Rx:0, AGI=0
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( c ) Antenna Correlation Tx:0 Rx:0, AGI=6 dB
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( b ) Antenna Correlation Tx:0.5 Rx:0.9, AGI=0
Figure 5:  BLER of PUCCH format 2 with 14-bit Payload (1 CQI multiplexed) 
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Figure 6:  BLER of PUCCH format 2 with 16-bit Payload (1 CQI multiplexed) 
5.  Conclusions
In this contribution, we have compared two different transmit diversity schemes (SORTD, SORSM) and two different coding schemes for PUCCH format 2/2a/2b under highly correlated antennas and AGI in LTE-A.  Our findings are summarized below.
·  If payload size for LTE-A does not increase beyond 11 bits, the current Rel-8 baseline of Reed-Muller and 1 transmit antenna provides sufficient performance, and there is no need for the complexity of TxD in this case.  In fact, when considering AGI and antenna correlation, SORTD and SORSM may have lower performance than the Rel-8 baseline.
· With larger payloads (up to 16 bits) the Rel-8 requirements can be met with SORTD with either extended Reed-Muller or TBCC, although Ext-RM consistently provides slightly better performance with no additional complexity.
·   Although SORSM shows significant improvement compared to SORTD, this performance advantage does not appear to be needed to meet the BLER/SNR requirements for CQI payload up to 16.  If however, if it is determined that payloads larger than 16 are required in LTE-A for support of CoMP or DL MU-MIMO, SORSM may be a good candidate to achieve the desired performance at these higher payloads.
References
[1] R1-093704, “Way Forward for PUCCH Transmit Diversity Scheme”, 3GPP TSG RAN WG1 #58, Shenzen, China, August 23-28, 2009
[2] TR 36.814 v1.4.1, 3GPP, “Further Advancements for E-UTRA Physical Layer Aspects (Release 9)” 
[3] 3GPP TS 36.212 “Multiplexing and channel coding”, V.8.6.0., 2009-03.
[4] R1-092341, Sharp, “Payload increase for LTE-A PUCCH format 2 achieved by transmit diversity,” 3GPP TSG RAN WG1 #57b, Los Angeles, USA, June 29-July 3, 2009.
[5] R1-094162, LG, “Payload Increase for PUCCH format 2/2a/2b”, 3GPP TSG RAN WG1 #58 bis, Miyazaki, Japan, 12–16 October, 2009
[6] R1-094146, CATT, “Multi-antenna Technique for PUCCH Payload Increase”, 3GPP TSG RAN WG1 #58 bis, Miyazaki, Japan, 12–16 October, 2009
[7]  R1-094223, Qualcomm Europe, “Transmit Diversity for PUCCH Format 2/2a/2b”, 3GPP TSG RAN WG1 #58 bis, Miyazaki, Japan, 12–16 October, 2009
[8] R1-093052, Huawei, “Performance of UL multiple antenna transmission for PUCCH”, 3GPP TSG RAN WG1 #58, Shenzhen, China, August 24-28, 2009
[9] R1-090795, Motorola, “UL-MIMO with Antenna Gain Imbalance”, 3GPP TSG RAN WG1 #56, Athens, Greece, February 9- 13, 2009
[10]  R1-092105, Sharp, “Payload increase for LTE-A PUCCH format 2 achieved by Transmit Diversity”, 3GPP TSG RAN WG1 #57, San Francisco, USA, May 4-8, 2009
Page 1 of 8

_1318317389.vsd
text


Antenna 1


Antenna 2


Rate=1/3 TBCC with rate matcher


PUCCH Control bits


QPSK
Modulation


Spreading sequence s1


Spreading sequence s2


Symbol Spatial Multiplexing


{s0,…,s9}


{s10,…,s19}


{c0,…,c39}



_1318317391.unknown

_1318317392.unknown

_1318317390.unknown

_1318317385.vsd
QPSK
Modulation



RM, Ext-RM, or
Rate 1/3 TBCC with rate matcher  


PUCCH 
Control bits


Antenna 1


Spreading sequence s1


Spreading sequence s2


Antenna 2


{c0,…,c19}


{s0,…,s9}



