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1 Introduction
SORTD was introduced as the transmit diversity for PUCCH format 3 in Rel-10. Considering the PUCCH resource overhead of SORTD is twice of SAP, it may be worth re-considering whether other resource-efficient transmit diversity scheme needs to be introduced in Rel-11.  
In RAN1#66bis, the conclusion was:

· Additional system-level analysis on the overhead 

· Taking into account factors such as the percentage of UEs configured with SORTD, etc. 
· Email discussion on the method of performing the system-level overhead analysis.
The conclusion of email discussion was shown in [1]. In this contribution, we show our views on whether a resource-efficient transmit diversity scheme for PUCCH format 3 needs to be introduced.
2 Analysis
The PUCCH geometry determines the number of UEs that can be configured with PUCCH format 3. Therefore, utilizing the PUCCH geometry for evaluating PUCCH overhead is simple and effective. 
Table 1 shows the required SNR to satisfy P(ACK->NACK/DTX)  <= 0.01 and P(NACK->ACK) < 0.001 with SAP and SORTD. Simulation assumptions are provided in Appendix-1 and detailed results are provided in Appendix-2.
Table1 Required SNR to satisfy P(ACK->NACK/DTX) <= 0.01 and P(NACK->ACK) < 0.001 
	
	Link-level performance

	
	6bits
	8bits
	10bits
	12bits
	14bits
	16bits
	18bits
	20bits

	SAP
	-4.16
	-3.16
	-2.08
	-1.44
	-0.33
	0.62
	1.28
	1.78

	SORTD
	-5.5
	-4.63
	-3.92
	-3.2
	-2.25
	-1.9
	-1.6
	-0.86


In the simulation, the power control is used to get the received PUCCH with minimum required SNR for different A/N payload sizes as shown in Table 1. And we also sent the transmit power to ensure more UEs have the reliable PUCCH condition.
Figure 1 shows the PUCCH SINR CDF for the case with different numbers of multiplexed UEs on the same PRB. Simulation assumptions are provided in Appendix-3.
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Fig.1 PUCCH SINR CDF
From the simulation results, we can find that:

· For 6 bits, approximate 62% to 86% of the UEs can support PUCCH format 3 with SAP, and approximate 66% to 88% of the UEs can support PUCCH format 3 with SORTD. That is about 2% to 4% UEs need to be configured with SORTD.
· For 8 bits, approximate 57% to 84% of the UEs can support PUCCH format 3 with SAP, and approximate 32% to 86% of the UEs can support PUCCH format 3 with SORTD. That is about 2% to 5% UEs need to be configured with SORTD.
· For 10 bits, approximate 53% to 82% of the UEs can support PUCCH format 3 with SAP, and approximate 60% to 85% of the UEs can support PUCCH format 3 with SORTD. That is about 3% to 7% UEs need to be configured with SORTD.
· For 12 bits, approximate 49% to 80% of the UEs can support PUCCH format 3 with SAP, and approximate 58% to 84% of the UEs can support PUCCH format 3 with SORTD. That is about 4% to 9% UEs need to be configured with SORTD.
· For 14 bits, approximate 42% to 76% of the UEs can support PUCCH format 3 with SAP, and approximate 53% to 83% of the UEs can support PUCCH format 3 with SORTD. That is about 7% to 11% UEs need to be configured with SORTD.
· For 16 bits, approximate 37% to 73% of the UEs can support PUCCH format 3 with SAP, and approximate 51% to 82% of the UEs can support PUCCH format 3 with SORTD. That is about 9% to 14% UEs need to be configured with SORTD.
· For 18 bits, approximate 32% to 71% of the UEs can support PUCCH format 3 with SAP, and approximate 49% to 81% of the UEs can support PUCCH format 3 with SORTD. That is about 10% to 17% UEs need to be configured with SORTD.
· For payload size of 20 bits, approximate 29% to 69% of the UEs can support PUCCH format 3 with SAP, and approximate 45% to 78% of the UEs can support PUCCH format 3 with SORTD. That is about 9% to 16% UEs need to be configured with SORTD.
Based on the observation, for small to medium payload size of HARQ-ACK, the percentage of UEs need to be configured with SORTD is no more than 10%. And for large payload size of HARQ-ACK, at most 17% UEs need to be configured with SORTD. Therefore, we can conclude that the PUCCH resource overhead of SORTD is acceptable. There is no need for a new transmit diversity for PUCCH format 3.
Proposal:
There is no need for a new transmit diversity for PUCCH format 3.

3 Conclusion
In this contribution we provide the overhead analysis of PUCCH format 3. Based on our observation, we think the overhead of SORTD is acceptable. In summary, we propose the following:
Proposal: There is no need to introduce other resource-efficient transmit diversity scheme for PUCCH format 3in Rel-11.
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Appendix-1: 
	Parameters
	Assumptions

	Carrier frequency
	2.0 GHz

	System BW
	5 MHz 

	CP configuration
	Normal CP

	Channel model
	ETU     

	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
	6,8,10,12,14,16,18,20 bits

	RX false alarm detection threshold
	DTX DEF1
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	Channel coding
	BitNum <= 11bits, RM;
BitNum > 11bits, dual RM

	Channel estimation
	Practical

	slot-level hopping
	ON

	Number of PRBs for PUCCH
	1

	
[image: image3.wmf]PUCCH

shift

D


	2

	DTX measurement
	RS+DATA (7symbols per slot) 


Appendix-2: 
6bits                                                                                     8bits
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10bits                                                                                 12bits
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14bits                                                                                  16bits
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18bits                                                                                    20bits
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Appendix-3: 
Simulation Assumptions for PUCCH geometry 
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scenario 
	3GPP Case 1

	UE speed
	3 km/h

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

	User number in Sector 
	15

	Total eNB TX power (Ptotal)
	46 dBm

	UE power class
	 23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	BS antenna gain plus cable loss
	14 dBi

	UE antenna gain
	0 dBi

	Penetration Loss
	20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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= 15 degrees. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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