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1 Introduction
In RAN1#68 meeting, the conclusion for transmit diversity scheme for PUCCH format 1b with channel selection were given: 
Continue discussion. Proponents are encouraged to show the motivation for introducing TxD for the format 1b with channel selection case.
In this contribution, we show our view on transmit diversity for PUCCH format 1b with channel selection.
2 Motivation for introducing transmit diversity for PUCCH format 1b with channel selection 
Table 1shows the required SNR range of PUCCH format 1b with channel selection with SAP and SORTD in different simulation assumptions. Simulation assumptions and simulation result are provided in Appendix-1 and Appendix-2.

Table1 Required SNR range of PUCCH format1b with channel selection with SAP and SORTD

	
	The required SNR of PUCCH format1b with channel selection

	
	SAP
	SORTD

	2bits
	-6.25dB～-7.57dB
	-7.82dB～-8.9dB

	4bits
	-5.59dB～-6.95dB
	-7.19dB～-7.8dB


Figure1 shows the CDF of PUCCH SINR, assuming 1, 2, 3, 4, 5 or 6 interfering UEs in the neighboring cells. Simulation assumptions are provided in Appendix-3.
Figure1 CDF of PUCCH SINR

[image: image1.emf]-10 -5 0 5 10 15

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

PUCCH Geometry SINR[dB]

UMA(TSINR=10dB,UE max Tx Power=20dbm)

 

 

1UE

2UE

3UE

4UE

5UE

6UE


Table 2 and Table 3 show the multiplexing capacity of 2bits and 4bits in the same PUCCH PRB:

Table 2 Multiplexing capacity of 2bit in the same PUCCH PRB
	2bits
	Max multiplexing capacity  based on PUCCH channel 
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	Max multiplexing capacity based on above  simulation results (assuming  95% UE can satisfy the SINR requirement )
	Actual multiplexing capacity
	Max multiplexing capacity  based on PUCCH channel
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	Max multiplexing capacity based on above  simulation results (assuming  95% UE can satisfy the SINR requirement )
	Actual multiplexing capacity

	SAP
	18
	4
	4
	9
	4
	4

	SORTD
	9
	6
	6
	4.5
	6
	4.5


Table 3 Multiplexing capacity of 4bit in case of SAP and SORTD

	4bits
	Max multiplexing capacity  based on PUCCH channel 
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	Max multiplexing capacity based on above  simulation results (assuming  95% UE can satisfy the SINR requirement )
	Actual multiplexing capacity
	Max multiplexing capacity  based on PUCCH channel
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	Max multiplexing capacity based on above  simulation result (assuming  95% UE can satisfy the SINR requirement)
	Actual multiplexing capacity

	SAP
	9
	3
	3
	4.5
	3
	3

	SORTD
	4.5
	5
	4.5
	2.25
	5
	2.25


Based on the table 2 and table 3, the conclusion is as follows:
For 2bits, SORTD have advantage on multiplexing capacity over SAP;

For 4bits, SORTD have advantage on multiplexing capacity over SAP with 
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Observation 1: The benefit of transmit diversity for PUCCH format 1b with channel selection is to improve multiplexing capacity over SAP in some scenarios.
The benefit of transmit diversity for PUCCH is also to improve coverage over SAP for UE(s) that experience large path-loss. The benefit of transmit diversity for PUCCH is also to reduce total transmitted power for UE(s) keeping the same coverage requirements as Rel-8 which is beneficial to inter-cell interference reduction and UE(s) power consumption. 
Observation 2: The benefit of transmit diversity is to improve coverage  for UE (s) that experience large path-loss or reduce total transmitted power for UE(s) keeping the same coverage as Rel-8.
The transmit diversity scheme and corresponding resource allocation scheme of other PUCCH formats were specified in Rel-10. For PUCCH format1b with channel selection, the same benefit can also be achieved if the transmit diversity was introduced. 

Proposal1: The transmit diversity is introduced for PUCCH format 1b with channel selection.
3 Transmit diversity scheme for PUCCH format 1b with channel selection 
In FDD, three alternatives were proposed as the transmit diversity scheme for PUCCH format 1b with channel selection: 

· Alt 1: SORTD for 2bits. E-SORTD2 for 3bits and 4bits;

· Alt 2: PVS;

· Alt 3: SORTD for 2bits. Spatial bundling on the 3-4 A/N bits and apply SORTD on the resulting 2 bits.

In TDD, there are also three transmit diversity schemes were proposed: 

· Alt 1: if M=1, same as FDD, otherwise, PVS;

· Alt 2: if M=1, same as FDD, otherwise, SORTD;

· Alt 3: if M=1, same as FDD, otherwise, E-SORTD;

The pros and cons of these transmit diversity scheme were shown in [1]. Our proposed transmit diversity scheme is:
· In FDD, SORTD for 2bits. Spatial bundling on the 3-4 A/N bits and apply SORTD on the resulting 2 bits. 
· In TDD, if M=1, same as FDD, otherwise, SORTD is used.   
To some extent, our proposed transmit diversity scheme is a unified transmit diversity scheme that is common for FDD/TDD because our proposed transmit diversity in FDD and TDD are on SORTD based.
 Proposal2:
For FDD, 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.
 For TDD, In the case of M=1, the same transmit diversity as FDD is used. In the case of M>1, SORTD is used. 
4 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: The transmit diversity for PUCCH format 1b with channel selection should be introduced.

Proposal2:
For FDD, 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.
 For TDD, In the case of M=1, the same transmit diversity as FDD is used. In the case of M>1, SORTD is used. 
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Appendix-1: 
	Parameters
	Assumptions

	Carrier frequency
	2.0 GHz

	System BW
	5 MHz 10MHz

	CP configuration
	Normal CP

	Channel model
	ETU  EPA UMA    

	Number of UEs in a cell
	1

	Number of Tx/Rx antennas
	1Tx-2Rx ，2Tx-2Rx

	RX antenna correlation
	uncorrelated

	UE speed
	3 km/h

	Noise estimation
	Ideal

	Signal bandwidth
	180 kHz

	Transmit Diversity
	SAP, SORTD

	ACK/NACK bits
	2bits 4bits

	RX false alarm detection threshold
	DTX DEF1
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	Channel estimation
	Practical

	slot-level hopping
	ON

	Number of PRBs for PUCCH
	1
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	DTX measurement
	RS+DATA (7symbols per slot) 


Appendix-2: 
2bits:
DTX DEF1:                                                                  DTX DEF2:
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4bits:

DTX DEF1:                                                                  DTX DEF2:
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Appendix-3:
Simulation Assumptions for PUCCH geometry 
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scenario 
	UMA

	UE speed
	3 km/h

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around
ISD 500m

	SINR target PUCCH
	10dB

	UE max Tx Power
	20dBm
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