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1 Introduction
In RAN1#66bis meeting, the work assumption for transmit diversity scheme for PUCCH format 1b with channel selection was given:
· Transmit diversity scheme should be specified for PUCCH format 1b with channel selection

· For format 1b transmit diversity with channel selection

· In FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits

· FFS the number of PUCCH resourced used in TDD

· If possible, strive for a common solution between FDD and TDD
In this contribution, we show our proposed scheme on transmit diversity for PUCCH format 1b with channel selection.
2 Transmit diversity for PUCCH format 1b with channel selection 
There are several candidate transmit diversity schemes for PUCCH format 1b with channel selection [1- 4], such as SCBC, M-SORTD, RSTD, E-SORTD, PVS and APS. Each scheme has its pros and cons. However, the performance of SCBC and M-SORTD is worse than SAP in many scenarios. For APS, some specification efforts include defining how to signal the selected antenna port to UE. For the remaining schemes of E-SORTD, RSTD and PVS, the main difference between RSTD and E-SORTD is that the modulation symbols are changed across slots in RSTD. The pros and cons of E-SORTD (RSTD) and PVS can be summarized as follows:
E-SORTD (RSTD)
· Pros

· The number of PUCCH resources for this scheme is the same as SAP in case of 4 bits ACK/NACK.
· Cons
· The performance is worse than that of SORTD.
· Need additional specification effort on the mapping table.
· Some additional scheduler limitation since the PUCCH resources for data and DM-RS of one codeword should be configured in the same PRB.
PVS

· Pros

· The number of PUCCH resource for this scheme is the same as SAP. 
· No need for additional specification efforts since it is transparent.
· Cons
·  ACK/NACK performance is worse than that of SORTD.
When pros and cons of the above schemes considered, we think the above schemes may not achieve a good trade-off between the PUCCH resource utilization and ACK/ANCK performance.
2.1 Transmit diversity for PUCCH format 1b channel selection in FDD
Based on the above discussions, our proposed transmit diversity scheme of PUCCH format 1b with channel selection in FDD is: 

· For 2 bits ACK/NACK, SORTD is used.

· For 3 or 4 bits ACK/NACK, SORTD is used after spatial bundling.

In RAN1#66 meeting, the guidelines for selection of transmit diversity scheme for PUCCH format 1b with channel selection and PUCCH format 3 were given. The major guidelines for PUCCH format 1b with channel selection are used here for comparing candidate schemes with our proposed scheme.
PUCCH overhead

Table 1 shows the required additional PUCCH resource overhead with our proposed scheme over SAP and E-SORTD (RSTD), where the resource by 
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are not counted as additional PUCCH resource.
Table 1 Additional PUCCH resource overhead of our proposed scheme over SAP (PVS) and E-SORTD (RSTD) 
	
	2 bit A/N
	3 bit A/N
	4 bit A/N

	SAP or PVS
	Cross carrier scheduling
	0%
	0%
	0%

	
	Non-cross carrier scheduling
	50%
	0%  when Pcell is SIMO cell;
33% when Pcell is MIMO cell
	0%

	E-SORTD

or RSTD
	Cross carrier scheduling
	-
	0%
	0%

	
	Non-cross carrier scheduling
	-
	0%
	0%


Based on the above comparison, we can conclude that:

· The PUCCH overhead of our proposed scheme is very close to SAP/PVS.
· The PUCCH overhead of our proposal scheme is the same as E-SORTD (RSTD).
Performance

Table 2 shows the required SNR to satisfy P (ACK->NACK/DTX) <=0.01 and P (NACK->ACK) < 0.001 with our proposed scheme compared with SAP, E-SORTD and PVS. Simulation assumptions are provided in Appendix-1 and detailed results are provided in Appendix-2.
Table 3 shows the performance of DL throughput with and without spatial bundling. Simulation assumptions are provided in Appendix-3
Table 2 Required SNR to satisfy P (ACK->NACK/DTX) <=0.01 and P (NACK->ACK) < 0.001 in ETU5
	
	DTX DEF1
	DTX DEF2

	Proposed scheme
	-7.88 dB
	-8.41 dB

	SAP
	-5.78 dB
	-6.5 dB

	E-SORTD
	-6.67 dB
	-6.8 dB

	PVS
	-6.44 dB
	-6.55 dB


Table 3 DL spectral efficiency (bps/Hz) with and without spatial bundling
	mobile speed = 3km/h
	mobile speed = 30km/h

	spatial bundling
	　
	　
	loss
	
	spatial bundling
	　
	　
	loss
	

	disable
	cell average
	2.6163
	-
	
	disable
	cell average
	1.8327
	-
	

	　
	cell edge
	0.1054
	-
	
	　
	cell edge
	0.0557
	-
	

	enable
	cell average
	2.5671
	1.80%
	
	enable
	cell average
	1.7998
	1.80%
	

	　
	cell edge
	0.104
	1.33%
	
	　
	cell edge
	0.0545
	2.15%
	


Based on the simulation results, we can conclude that:

· The DL performance loss caused by spatial bundling is negligible.

· The proposed scheme provides a significant (1.2 dB ~ 2.1 dB) gain in ACK/ANCK performance over E-SORTD, SAP and PVS.
Specification impact

Considering the specification impact, the main issues are whether the Rel-10 ACK/NACK mapping tables and resource allocation scheme can be reused. There is no specification impact on PVS because it is transparent. For E-SORTD (RSTD), the mapping table for the first antenna port 0 can be reused, but a new mapping table for the second antenna port needs to be designed. For our proposed scheme, the mapping table for both antenna ports can be reused. The resource allocation scheme of E-SORTD (RSTD) and our proposed scheme are the same for 3 or 4 bit ACK/NACK. 
Proposal1: SORTD is the transmit diversity for PUCCH format1b with channel selection in FDD. For 3 or 4 bits ACK/NACK, spatial bundling is applied before SORTD.
2.2 Transmit diversity for PUCCH format 1b channel selection in TDD

Assuming the PUCCH resource by 
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is available; there are 4/6/8 PUCCH resources available for 2/3/4 bits ACK/NACK in the case of one configured serving cell. In this case, SORTD can be used because the resource is enough.
In the case of two configured serving cells, at most 4 PUCCH resources (assuming resource by
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can be used) are available in TDD with M=1. In this case, the same transmit diversity as FDD can be used, i.e., SORTD is used and spatial bundling is applied before SORTD for 3 or 4 bits ACK/NACK.

In the case of two configured serving cells, at least 6 PUCCH resource are available in TDD with M>1even in the case of non-cross carrier scheduling, where 4 PUCCH resources are from Pcell (assuming resource by
[image: image4.wmf]1

CCE

n

+

can be used and no SPS subframe on Pcell) and 2 PUCCH resources are from Scell. If the transmit diversity scheme is E-SORTD with 6 PUCCH resource, the specification impact is that the mapping table for the second antenna port need to be designed and the combination of PUCCH resources for data and DM-RS for both antenna ports need to be designed. As mentioned before, there’s a disadvantage of E-SORTD on the scheduler limitation since the PUCCH resources for data and DM-RS of one codeword should be configured in the same PRB. This scheduler limitation is severer when the PUCCH resources are from different subframes in TDD. If the transmit diversity scheme is SORTD, 2 additional explicit PUCCH resources are required in the case of non-cross carrier scheduling. If the transmit diversity scheme is PVS, the ACK/ANCK performance is worse. Therefore, the transmit diversity scheme should be further studied.
Proposal2: for TDD, in the case of one configured serving cell, SORTD is used. In the case of two configured serving cells with M=1, the same transmit diversity as FDD is used. In the case of two configured serving cells with M>1, the transmit diversity scheme should be FFS. 

3 Conclusion
In this contribution we provide our views on transmit diversity for PUCCH format 1b with channel selection. In summary, we propose the followings:
Proposal1: SORTD is the transmit diversity for PUCCH format1b with channel selection in FDD. For 3 or 4 bits ACK/NACK, spatial bundling is applied before SORTD.
Proposal2: for TDD, in the case of one configured serving cell, SORTD is used. In the case of two configured serving cells with M=1, the same transmit diversity as FDD is used. In the case of two configured serving cells with M>1, the transmit diversity scheme should be FFS. 
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Appendix-1: 
	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System BW
	5 MHz

	Channel model
	ETU

	Velocity
	3 km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Normal CP

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	ACK/NACK bits
	4

	DTX definition
	· DTX->ACK DEF1:
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· DTX->ACK DEF2:
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	Mapping table
	FDD mapping table in TS36.213 for proposal scheme, SAP and PVS. 
For E-SORTD, the mapping tables are applied as described in [1].

	Requirements
	Pr(D(A)<=1%, Pr(A(N/D)=1%, Pr(N(A)=0.1%

	Detection method
	ML


Appendix-2
DTX->ACK DEF1:
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DTX->ACK DEF2:
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Appendix-3
	Parameters
	Assumptions

	Simulated TTI per drop
	6000

	Carrier aggregation configuration
	2 CC

	Carrier frequency
	2.0 GHz

	Operating bandwidth
	10 MHz

	UE Speed
	3 or 30 km/h

	UE number per Cell
	10

	Channel model
	3GPP Case 1 with 500m ISD

	Traffic model
	Full buffer

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB
Receiver: 2Rx cross-polarized antenna at UE
SU-MIMO

	Link adaptation
	With rank adaptation, AMC, 8 HARQ process with maximum 4 re-transmissions

	Delay for scheduling and AMC
	7 ms

	CSI periodicity 
	10 ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	IR
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