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1.
Introduction

In 3GPP RAN1#61bis, it has been agreed that: 
For both FDD and TDD

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

In 3GPP RAN1#62, there are mainly three alternatives of TxD for channel selection:

· Alt 1: SORTD

· Number of resources reserved for channel selection doubles the number needed for single antenna case

· Alt 2: Modified SORTD

· Number of resources reserved for channel selection is the same as the number needed for single antenna case,  select 2 of them to transmit a same modulation symbol

· Alt 3:  SCBC

· Coding applied on the 2 resources jointly determined by channel selection for transmission 
· To decide on one of the alternatives in the next meeting

This contribution evaluates the three alternatives and summarizes our views regarding the transmission diversity for channel selection. 
2. TxD for channel selection

SORTD

In SORTD, separate PUCCH channels are reserved for both transmit antenna ports. Multi-antenna transmission using SORTD would duplicate the number of needed channels of single antenna transmission. High PUCCH resource consumption would result in the low multiplexing capacity.
SCBC

The spatial block coding is directly applied over PUCCH Format 1b channels. The exemplary mapping for 4 PUCCH channels is shown in Table 1:
•
Table 1 Example of space coding with channel selection
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Modified SORTD
When there are two antenna ports then two orthogonal resources by a selection of two channels (orthogonal resources) from the set of available channels and then using these two selected channels to transmit a modulated symbol. 

Table2: Example table of Modified SORTD for 4 bits A/N with channel selection
	A/N bits
	Antenna port#1
	Antenna port#2

	 b0
	b1
	b2
	b3
	 Ch#1
	Ch#2
	Ch#3
	Ch#4
	Ch#1
	Ch#2
	Ch#3
	Ch#4
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	s0
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3. Simulation results
This section give the evaluation results of the three PUCCH transmit diversity, and the simulation assumptions are shown as in table 3.
Table 3 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	 SCM-C 

	Frequency hopping
	at slot boundary

	Antenna setup
	1x2 and 2x2,  spatially separated elements : 0.5 lambda in UE and 4 lambda in BS

	Channel estimation
	Practical (Averaging over all RS symbols in slot)

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1


From simulation results, we could see that SORTD has the best performance in case of both BLER and BER performance, because it use duplicate PUCCH resources compared with the other two schemes. The benefit of SCBC and modified SCBC over SORTD is that multi-antenna transmission requires the same amount of PUCCH resources/channels as single antenna transmission, which would save PUCCH resources. The limitation of SCBC is that it can be used only for even number of PUCCH channels.
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Figure 1 BLER performance of three PUCCH transmit diversity schemes
[image: image3.emf]-16 -14 -12 -10 -8 -6 -4 -2

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

BER

SCM-C

 

 

UL1X2

UL2X2 SCBC

UL2X2 SORTD

UL2X2 MODIFIED SORTD


Figure 2 BLER performance of the three PUCCH transmit diversity schemes
4.
Conclusions
In this contribution, we evaluate the three candidate alternatives of PUCCH transmit diversity schemes for channel selection, which are SORTD, SCBC and modified SORTD, and the simulation results show that SORTD has the best performance, but has low multiplexing capability compared with the other two schemes. 
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