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1 Introduction
Spatial orthogonal resource transmit diversity (SORTD) was accepted for Rel-8 PUCCH format 1/1a/1b [1], but for format 2/2a/2b it is still FFS. Although this open issue was discussed in a number of contributions, they mainly focused on CQI payload size extension scheme [2]~[4]. However the required CQI payload size increase compared to Rel-8 is unclear at this point, and in order to progress the discussion on this issue step by step, the following decision was made in RAN1#59bis [5]:
· Try to focus on Rel-8 CQI size for PUCCH format 2/2a/2b TXD discussion before decision on larger CQI size is made.
In this contribution, the transmit diversity for Rel-8 PUCCH format 2/2a/2b is discussed and based on the discussion we propose the following:
· Transmit diversity is supported for PUCCH format 2/2a/2b

· SORTD is the proposed transmit diversity scheme

· There is no change on the Rel-8 PUCCH format 2/2a/2b slot level based frequency hopping (FH) transmission structure in Rel-10
In section 2 below, the detail of the discussion and motivation for these proposals are given.

2 Discussion on transmit diversity for PUCCH format 2/2a/2b
2.1 Comparing transmit diversity with SIMO
If we assume that the PUCCH format 2/2a/2b coverage requirement for Rel-10 is identical to the requirement for Rel-8, then the single antenna transmission mode in Rel-10 must fulfil this requirement. However, due to the availability of multiple antenna at UE side, transmit diversity gains can be exploited for further improving the performance of PUCCH in terms of block error rate(BLER) or keeping the coverage requirements while reducing total transmitted power which is beneficial to inter-cell interference reduction and eventually also UE power consumption (depends on the PA implementation).
Hence, a transmit diversity scheme for PUCCH format 2/2a/2b should show significant performance gain compared to Rel-8 uplink single antenna port transmission to be worth consideration. Additional requirements include the maintenance of  the single carrier property, flexibility when multiplexing with Rel-8 UE and comparable transmitter/receiver complexity. Under these requirements for a transmit diversity scheme, there are two candidates; SORTD and STBC (Space Time Block Coding). 
Here, link level performance evaluations and comparisons of SORTD, STBC and SIMO are shown, and the required SNR [dB] to reach 1% BLER target for each scheme is summarized in Table 1. The channel is uncorrelated ETU and real channel estimation was used. Further related simulation assumptions can be found in Appendix I. 
It can be observed from the simulation results that the gain of transmit diversity scheme over SIMO is in the range 1.4 to 2.8 dB which motivates the introduction of transmit diversity for PUCCH format 2/2a/2b. 

Table 1 The required SNR [dB] to reach 1% BLER target with 11 bit CQI payload. Raw simulation results can be found in Figure 2 and 3
	        Velocity 
	            SIMO
	          STBC
	            SORTD

	         3km/h
	              -1.0
	           -2.4
	             -3.4

	        120km/h
	              -0.4
	           -1.8
	             -3.2


Therefore:
· Transmit diversity is supported for Rel-8 PUCCH format 2/2a/2b

2.2 Further analysis on the selection of transmit diversity scheme
The two candidate schemes SORTD and STBC were analyzed in our previous contribution [6] in which SORTD was found to be the preferred scheme for Format 2/2a/2b due to 

· SORTD can fully support the transmission structure of format 2/2a/2b, but STBC can not support format 2a/2b when orthogonal code covering (OCC) is used for demodulation reference signal (DMRS).  For format 2a/2b, ACK/NACK information is transmitted in the form of phase difference between the two DRS within one slot. To keep the orthogonality of OCC DMRS, the utilization of phase difference to encode information over the two DMRS is not allowed with STBC if OCC is used.
· Selecting SORTD obtains a single PUCCH transmission diversity scheme for all its formats since SORTD has also been agreed for format 1/1a/1b. There is thus no additional complexity on UE and eNB implementation compared to selecting STBC, which then would require one additional transmitter and receiver type. 
· As the transmission of format 2/2a/2b is based on slot level FH, in the case of normal cyclic prefix there are five CQI SC-FDMA symbols in each slot, one symbol in each slot would be unpaired if STBC is selected and this orphan symbol must be handled with an additional transmission scheme and receiver implementation. Hence, with STBC, two different transmitter/receiver structures in each slot are needed which is not desirable from complexity point of view. 
· The use of SORTD mode is not mandatory as discussed in section 2.1. It can be configured by the eNB through high layer signalling based on system load, UE geometry, resource usage, etc. The eNB thus manage the resource use and configures individually UEs to be in SORTD mode or single antenna mode. Therefore, although two orthogonal resources are needed for SORTD, the resource usage in the cell is not doubled compared to STBC using OCC for DMRS.  
From the simulation results in Table 1, we also confirm that

· SORTD provides better performance than STBC. The gain is in the range of 1 dB to 1.4 dB.
Based on the above observations, it is proposed that

· SORTD is selected as the transmit diversity scheme for PUCCH format 2/2a/2b
2.3 Frequency hopping for PUCCH format 2/2a/2b

In [4], it is proposed that the transmission structure of format 2/2a/2b is changed to no support slot level frequency hopping. The arguments [4] are that joint channel estimation over two slots within one subframe can be performed to improve channel estimation and if STBC is selected, then the paring problem discussed in Section 2.2 is avoided. 
However, the loss of frequency diversity and the achievable performance improvement due to joint channel estimation at high mobility is of concern if slot level FH is disabled. Therefore, for the SIMO, STBC and SORTD transmission schemes, the performances of FH and non-FH are compared in Table 2~Table 3 for low and high speed respectively. For non-FH, two cases of channel estimation over the two slots are considered, either jointly or independent. 
Table 2 The required SNR [dB] to reach 1% BLER target with 11 bits CQI, 3km/h

	Scenario
	          SIMO
	        STBC
	      SORTD

	FH
	          -1.0
	       -2.4
	        -3.4

	Non-FH  joint channel estimation over slots 
	          -0.6
	       -3.2
	        -3.9

	Non-FH  independent channel estimation per slot 
	           1.0
	       -1.6
	-2.4


Table 3 The required SNR [dB] to reach 1% BLER target with 11 bits CQI, 120km/h
	Scenario
	          SIMO
	        STBC
	      SORTD

	FH
	          -0.4
	       -1.8
	        -3.2

	Non-FH  joint channel estimation over slots
	          Error floor
	       -0.7
	        -2.6

	Non-FH  independent channel estimation per slot
	           0.4
	       -1.4
	-2.8


Based on the simulation results, the following observations are made
· For SIMO, the performance of non-FH is worse than FH (baseline) at both 3km/h and 120km/h scenario. It implies that the improvement by joint channel estimation can not compensate the lost of frequency diversity gain for SIMO. Therefore in order to maintain coverage with Rel-8, non-FH can not be supported for SIMO in Rel-10.
· At 3km/h, by disabling FH, there is about 0.5dB and 0.8dB performance improvement for SORTD and STBC respectively compared to enabled FH, when joint channel estimation is performed. The performance gain comes from the contribution of joint channel estimation. 
· At 120km/h, for both SORTD and STBC, the performance of non-FH is worse than normal FH case regardless of joint or independent channel estimation, and there is about 0.4dB performance loss. At high mobility, the joint channel estimation over two slots does not work well because of fast channel variation. 
· The performance of SORTD is still better than STBC in the case of non-FH.
Note: Similar observations are made for the 6 bits CQI payload size (see Appendix II)
In addition to performance evaluations, the resource allocation problem caused by non-FH shall also be considered. In order to support backward compatibility with Rel-8 UEs and guarantee the performance of single antenna port Rel-10 UE (which would require FH based on the results), the normal Rel-8 PUCCH format 2/2a/2b slot level based FH transmission structure must be kept. As such, there will be two transmission structures for format 2/2a/2b if non-FH is adopted in addition to FH. When Rel-10 and Rel-8 UEs are multiplexed in one resource block (RB), there will be a restriction on the resource allocation in another three RBs which will increase the complexity of the resource allocation.
This restriction is illustrated in Figure 1 where, sequence 1 and 2 in RB M are allocated for FH Rel-8 UE A and non-FH Rel-10 UE A respectively, then sequence 2 in RB N will also be allocated for non-FH Rel-10 UE A and sequence 1 in RB Mmirror will be allocated for FH Rel-8 UE A
. There is then a restriction on the remaining sequences allocation in RB N, RB  Nmirror and RB Mmirror as below,
· RB  N:  sequence 1 must be allocated for FH Rel-8 UE B
· RB  Mmirror: sequence 2 must be allocated for non-FH Rel-10 UE B
· RB  Nmirror: sequence 1 and 2 must be allocated for FH Rel-8 UE B and non-FH Rel-10 UE B respectively

[image: image1]
Figure 1: Illustration of resource allocation restriction if Frequency hopping is disabled for Rel-10 UEs
According to the above discussion, non-FH has limited contribution to performance improvement and results in a complicated resource allocation due to backward compatibility with Rel-8 and single antenna port Rel-10 UEs, and therefore it is proposed that 

· Slot level frequency hopping is used for PUCCH format 2/2a/2b also in Rel-10
3 Conclusion
In this contribution, the open issues from the last meeting on transmit diversity for Rel-8 PUCCH format 2/2a/2b are addressed [2]. Based on the discussion, we propose that
· Transmit diversity is supported for PUCCH format 2/2a/2b

· SORTD is the proposed transmit diversity scheme

· There is no change on the Rel-8 PUCCH format 2/2a/2b slot level based frequency hopping (FH) transmission structure in Rel-10 
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Appendix I                                                     

Table 4   Simulation assumptions

	Parameter
	Value

	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Channel model
	ETU channel without correlation

	Velocity
	3km/h, 120km/h

	Antenna configurations
	1×2,  2×2

	Channel estimation
	Realistic

	PUCCH format
	2,  RM (20, A) coding

	Frequency hopping at slot boundary
	FH, non-FH
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	Number of CQI bits
	11, 6


Appendix II
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Figure 8                                                                           Figure 9 
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Figure 12                                                                  Figure 13
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Figure 16                                                                     Figure 17
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� For the simplicity of illustration, the sequences from two RBs allocated for one UE have the same sequence index.
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