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1 Introduction
In Rel-10, transmit diversity (TxD) scheme was defined for different PUCCH formats except format 1b with channel selection, and the adopted baseline TxD scheme is SORTD (Spatial Orthogonal Resource Transmit Diversity)[1]. To further optimize the performance of format 1b with channel selection, it is decided to further discuss TxD schemes for format 1b with channel selection in Rel-11. 

The TxD schemes proposed can be categorized into two categories: those that require more PUCCH resources than single antenna transmission (such as SORTD), and those that do not (including Modified-SORTD[2], Space Code Block Coding (SCBC)[3], Resource Selection Transmit Diversity (RSTD)[4], Precoder Vector Switching (PVS)). 
In RAN1 66# meeting, the guidelines for selection of TxD scheme(s) including:
· PUCCH overhead as close as possible to single antenna case
· Performance significantly improved compared to single antenna and as close as possible SORTD
· Minimize the specification impact

· Consider cases with and without antenna gain imbalance 

· Take inter-cell interference into account

· Consider both normal and extended CP
This contribution summarizes our views and preferences regarding the transmission diversity for PUCCH format 1b with channel selection.
2 PUCCH Resource Overhead
It was common understanding that SORTD has the best performance among the proposed TxD schemes. The problem of SORTD with channel selection is high PUCCH resource overhead resulting in significantly decreased multiplexing capacity. The number of required PUCCH resources would be doubled when SORTD is applied. 
Firstly, only a part of UEs (cell edge or power-limited UE) may use PUCCH format 1b with channel selection. Furthermore, SORTD is configurable and up to eNB implementation. Hence there will be only a few UEs to use SORTD for format 1b with channel selection simultaneously. The PUCCH resource needed for SORTD would not be that much.
Secondly, as is pointed in [5], in some cases, the PUCCH resource overhead of SORTD would be further optimized.
For FDD, in case of non cross-carrier scheduling, two resources can be derived from PDCCH on the PCell by using nCCE and nCCE+1, so two resources can be derived implicitly, and in case of cross-carrier scheduling from Pcell, 2 additional resources can be derived from the PDCCH of Scell by using nCCE and nCCE+1 as well, so totally four resources can be obtained implicitly.
Table 1 shows an example of resource allocation for SORTD for A=4. The candidate channel ‘h1’ for both antenna ports is allocated by ARI signalled in the PDCCH scheduling the PDSCH in the Scell. When UE is scheduled only on the Pcell, the channel ‘h0’ for 2 antenna ports is used for HARQ-ACK transmission, that is, although ARI is not available , it is not needed at all since channel ‘h1’ for 2 antenna ports is not selected. Another property for this design in Table 1 is that 2 implicit resources for a cross-carrier scheduled Scell are allocated as channel ‘h3’ for 2 antenna ports which maximizes the use of implicit resources. From the channel selection mapping table for FDD, if the eNB only schedules PDSCH in the Scell, channel ‘h3’ is selected; the design in Table 1 then guarantees that 2 implicit resources are used in this case and minimizes the use of explicit HARQ-ACK channel resources.
So for A=4 in FDD, to support SORTD, only 4 resources need to be explicitly allocated for cross carrier scheduling, and 6 resources need to be explicitly allocated for non cross-carrier scheduling.
Table 1: Resource allocation for SORTD for A=4 in FDD
	
	Antenna port 0
	Antenna port 1

	
	h0
	h1
	h2
	h3
	h0
	h1
	h2
	h3

	Cross-carrier scheduling
	n_CCE, Pcell
	ARI
	ARI
	n_CCE, Scell
	n_CCE+1, Pcell
	ARI
	ARI
	n_CCE+1, Scell

	Non cross-carrier scheduling
	n_CCE, Pcell
	ARI
	ARI
	ARI
	n_CCE+1, Pcell
	ARI
	ARI
	ARI


In TDD, for bundling window size M >= 2, at most one candidate channel is implicitly allocated by the lowest CCE index of the PDCCH [1]. Thus, it is highly likely that the second set of candidate resources is mainly allocated by the second lowest CCE of the respective PDCCHs and resource allocation for SORTD in TDD can be done implicitly which avoids increasing the associated PUCCH overhead. This is an advantage for TDD compared to FDD. 
As shown in Table 2, the resource allocation method defined in Rel-10 is directly applied to antenna port 0 and a new set of M resources are then needed for antenna port 1. In the case of cross-carrier scheduling, no additional PUCCH resource are required compared with single antenna case. In the case of non cross-carrier scheduling, only 4 explicit resources derived from ARI are required for 4 bits channel selection with SORTD.
Therefore, for A=4 in TDD, to support SORTD without SPS, no additional explicitly allocated resource is needed for cross carrier scheduling, and only 4 explicitly allocated resources are needed for non cross-carrier scheduling.
Table 2: Resource allocation for SORTD for A=4 in TDD without SPS
	
	Antenna port 0
	Antenna port 1

	
	h0
	h1
	h2
	h3
	h0
	h1
	h2
	h3

	Cross-carrier scheduling
	n_CCE, DAI=1, Pcell
	n_CCE, DAI=2, Pcell
	n_CCE, DAI=1, Scell
	n_CCE, DAI=2, Scell
	n_CCE+1, DAI=1, Pcell
	n_CCE+1, DAI=2, Pcell
	n_CCE+1, DAI=1, Scell
	n_CCE+1, DAI=2, Scell

	Non cross-carrier scheduling
	n_CCE, DAI=1, Pcell
	n_CCE, DAI=2, Pcell
	ARI
	ARI
	n_CCE+1, DAI=1, Pcell
	n_CCE+1, DAI=2, Pcell
	ARI
	ARI


In summary, Table 3 shows the additional optimized PUCCH resources overhead needed for SORTD in comparison with single antenna scheme in different cases. From the analysis, the PUCCH overhead of SORTD is not so large compared with single antenna scheme.
Table 3: Additional explicit Resource allocation overhead for SORTD for A=4
	
	
	SORTD
	Single Antenna
	Additional overhead

	FDD
	Cross-carrier scheduling
	4
	0
	4

	
	Non Cross-carrier scheduling
	6
	2
	4

	TDD
	Cross-carrier scheduling
	0
	0
	0

	
	Non Cross-carrier scheduling
	4
	2
	2


From Table 3, we can have observation as below:

Observation 1: with PUCCH resource allocation optimization, the explicit resource allocation overhead needed for SORTD can be minimized. For cross-carrier scheduling in TDD, there is even no additional explicit resource allocation overhead needed for SORTD.
3 Performance evaluation

Performance comparison between single-antenna-port transmission, SORTD, modified SORTD [2], SCBC [3] and RSTD [4] in Pedestrian channel and Typical Urban channel is shown in Figure 1and Figure 2. The simulation assumptions and the mapping tables are provided in Appendix I and II separately. For SORTD and single antenna transmission, the constellation and mapping table given in Rel-10 specification are used for both antenna ports and slots.
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Figure 1 PUCCH format 1b channel selection performance with 4 bits, in ETU 3kph
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Figure 2 PUCCH format 1b channel selection performance with 4 bits, in EPA 3kph
The required SNR [dB] for SORTD, single antenna port case and other TxD schemes are summarized in Table 4. 
Table 4: Required SNR [dB] of TxD schemes for PUCCH format 1b with channel selection

	Channel Model
	Requirements
	Single antenna Tx
	Modified SORTD
	SCBC
	RSTD
	SORTD

	ETU
	Pr(ACK->NACK/DTX)≤10-2
	-6.3
	-6.7
	-6.6
	-6.8
	-7.3

	
	Pr(NACK->ACK)≤10-3
	-6.6
	-5.7
	-5.6
	-6.7
	-7.2

	EPA
	Pr(ACK->NACK/DTX)≤10-2
	-6.7
	-7.3
	-7.2
	-7.5
	-7.8

	
	Pr(NACK->ACK)≤10-3
	-6.8
	-6.4
	-6.3
	-7.0
	-7.7


From Table 4, we can have observation as below:

Observation 2: SORTD provides remarkable performance gain over all the other TxD schemes for PUCCH format 1b with channel selection.

4 Conclusion 
This contribution discusses the support of SORTD for PUCCH format 1b with channel selection in terms of PUCCH resource overhead reduction and PUCCH performance comparison. From the discussion, we can have observations as below:
Observation 1: with PUCCH resource allocation optimization, the explicit resource allocation overhead needed for SORTD can be minimized. For cross-carrier scheduling in TDD, there is even no additional explicit resource allocation overhead needed for SORTD.
Observation 2: SORTD provides remarkable performance gain over all the other TxD schemes for PUCCH format 1b with channel selection.
Based on the above observations, we suggest RAN1 consider the PUCCH resource allocation optimization schemes as given in this contribution to utilize the TxD performance gain of SORTD.
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Appendix I Simulation Assumptions

	Parameters
	Value

	Carrier Frequency
	2.0 GHz

	System Bandwidth
	5 MHz

	Channel Model
	ETU, EPA, 3km/h

	Frequency Hopping
	ON(at slot boundary)

	Antenna setup
	1*2(Single Tx), 2*2(TxD)

	RX antenna Correlation
	Uncorrelated

	Channel Estimation
	Practical

	CP Type
	Normal CP

	Signal Bandwidth
	180 kHz

	Number of ACK bits
	4

	Noise Estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	Receiver
	Maximum Likelihood Receiver

	A/N Mapping Table
	see Appendix II

	DTX Threshold
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Appendix II

Table 5: Mapping table of Modified SORTD for 4 bits A/N with channel selection
	A/N bits
	Antenna port#0
	Antenna port#1

	b0
	b1
	b2
	b3
	Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0
	
	
	
	
	
	s0
	

	0
	0
	0
	1
	s1
	
	
	
	
	
	s1
	

	0
	0
	1
	0
	s2
	
	
	
	
	
	s2
	

	0
	0
	1
	1
	s3
	
	
	
	
	
	s3
	

	0
	1
	0
	0
	
	s0
	
	
	s0
	
	
	

	0
	1
	0
	1
	
	s1
	
	
	s1
	
	
	

	0
	1
	1
	0
	
	s2
	
	
	s2
	
	
	

	0
	1
	1
	1
	
	s3
	
	
	s3
	
	
	

	1
	0
	0
	0
	
	
	s0
	
	
	
	
	s0

	1
	0
	0
	1
	
	
	s1
	
	
	
	
	s1

	1
	0
	1
	0
	
	
	s2
	
	
	
	
	s2

	1
	0
	1
	1
	
	
	s3
	
	
	
	
	s3

	1
	1
	0
	0
	
	
	
	s0
	
	s0
	
	

	1
	1
	0
	1
	
	
	
	s1
	
	s1
	
	

	1
	1
	1
	0
	
	
	
	s2
	
	s2
	
	

	1
	1
	1
	1
	
	
	
	s3
	
	s3
	
	


Table 6: Mapping table of SCBC for 4 bits A/N with channel selection
	A/N bits
	Antenna port#0
	Antenna port#1

	b0
	b1
	b2
	b3
	Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0
	
	
	
	
	s0*
	
	

	0
	0
	0
	1
	s1
	
	
	
	
	s1*
	
	

	0
	0
	1
	0
	s2
	
	
	
	
	s2*
	
	

	0
	0
	1
	1
	s3
	
	
	
	
	s3*
	
	

	0
	1
	0
	0
	
	s0
	
	
	-s0*
	
	
	

	0
	1
	0
	1
	
	s1
	
	
	-s1*
	
	
	

	0
	1
	1
	0
	
	s2
	
	
	-s2*
	
	
	

	0
	1
	1
	1
	
	s3
	
	
	-s3*
	
	
	

	1
	0
	0
	0
	
	
	s0
	
	
	
	
	s0*

	1
	0
	0
	1
	
	
	s1
	
	
	
	
	s1*

	1
	0
	1
	0
	
	
	s2
	
	
	
	
	s2*

	1
	0
	1
	1
	
	
	s3
	
	
	
	
	s3*

	1
	1
	0
	0
	
	
	
	s0
	
	
	-s0*
	

	1
	1
	0
	1
	
	
	
	s1
	
	
	-s1*
	

	1
	1
	1
	0
	
	
	
	s2
	
	
	-s2*
	

	1
	1
	1
	1
	
	
	
	s3
	
	
	-s3*
	





� EMBED Equation.3  ���
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