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1 Introduction
In the RAN1 #66bis meeting, further optimization on ACK/NACK transmission based on PUCCH format 3 was proposed for TDD [1~4]. 
· One proposal is to apply further bundling in addition to spatial bundling to reduce the payload size. It is claimed that such method is needed to guarantee a large percentage of UEs in a cell could meet the geometry requirement of PUCCH format 3. 
· Another proposal is to maximize the use of 20-bit payload size by using less spatial bundling, i.e. carrying as much ACK/NACK information as possible, which is considered to be good for DL throughput. In Rel-10, spatial bundling is applied to all PDSCHs if the total number of ACK/NACK bits before bundling is larger than 20. As a consequence, the number of reported ACK/NACK bits can be much less than 20 due to the  compression, e.g. 12 bits for bundling window size M=4 and 3 configured cells. 

In this contribution, we provide our analysis on both proposals and the associated scenarios. From our view, the current available ACK/NACK transmission method already provides good enough coverage and performance, and the necessity to introduce further bundling method should be carefully investigated. 

2 The necessity of further bundling in addition to spatial bundling

The ACK/NACK transmission mode based on PUCCH format 3 in Rel-10 is designed to get better DL throughput compared to the mode based on channel selection, by accommodating more ACK/NACK information and applying less bundling, which is aligned with the main purpose for introducing CA. In detail, if the total number of ACK/NACK bits is less than or equal to 20 bits, no bundling is used; otherwise, spatial bundling is done for all cells. However, further bundling in additional to spatial bundling was proposed to support a larger percentage of UEs.
In the following, the coverage of PUCCH format 3 with different payload sizes is analyzed. 

The SNR requirements for 4~20 bits transmission with single TX and two RX are summarized in Table 2 [6,7]. The simulation assumptions are provided in Appendix A. The geometry curves for PUCCH format 3 are provided in Figure 1. A detailed description on the geometry curves could be found in [5]. 
Then, based on the link level results in Table 2 and the PUCCH geometry in Figure 1, it is seen that about 30%~70% of UEs could support ACK/NACK transmission of 20 bits, here the exact percentage is dependent on the number of interferers when determining the PUCCH geometry [5]; about 38%~73% of UEs could meet the geometry for 16-bit transmission; about 50%~80% UEs could meet the geometry for 12-bit transmission; about 55%~85% UEs could meet the geometry for 8-bit transmission; about 62%~88% UEs could meet the geometry for 4-bit transmission. 
A method was already supported in Rel-10 which could further enhance the PUCCH performance, i.e. SORTD. As we focus on large payload size here, the gain of SORTD compared to single antenna case can be around 3~4dB. From Figure 1, The percentage of UEs that satisfy the geometry requirement could be increased by around 10%~20% due to the 3~4dB gain in the required SINR. A UE supporting CA with 4 or 5 cells usually is high end UE, and it is possible that such UEs would support 2 transmitting antennas in the uplink. 
There are other factors which could increase the coverage of PUCCH that are usually considered in practical TDD deployments, e.g., more RX antennas. 4 RX antennas can provide 3dB performance gain while 8 RX antennas can provide 6dB performance gain compared to 2 RX, which will significantly increase the percentage of UEs that support PUCCH format 3 with large payload size.

Table 2: Required SNR (dB) for ACK/NACK with dual RM coding (1Tx2Rx)
	Payload size
	4
	8
	12
	16
	20

	SNR required 
	-5.3
	-3.7
	-1.8
	0.2
	1.2

	Percentage of UEs supported
	62%~88%
	55%~85%
	50%~80%
	38%~73%
	30%~70%
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Figure 1: PUCCH geometry
Finally, when the UE is in a really poor UL channel condition, the Rel-10 specification already provides a scheme, i.e. so called “mode b” to serve it. In detail, “mode b” could compress the ACK/NACK payload size to only 4 bits, and it supports CA with 2 cells. The benefit of supporting further bundling on PUCCH format 3 is to enable more UEs in poor UL channel condition to be configured with more than 2 cells. However, the percentage of UEs with poor UL channel condition requiring for so large DL data rate is not that much. In a summary, by supporting both PUCCH format 3 and “mode b” in the Rel-10 spec, it already provides a good enough support for various scenarios. 

As a conclusion, we think the current design of HARQ-ACK transmission mode with PUCCH format 3 already enables a reasonable coverage even if for large payload sizes. The additional bundling is thus not needed.

Proposal 1: Further HARQ-ACK bundling in addition to spatial bundling is not supported for PUCCH format 3. 
3 The necessity of reducing spatial bundling
The current payload sizes by using PUCCH format 3 are summarized in Table 3 for all CA scenarios, assuming two codewords are configured for each cell. Spatial bundling is done in all cells and subframes once the total number of HARQ-ACK bits before bundling is more than 20 bits. In certain CA scenarios (marked as orange in Table 3), the payload size after bundling becomes much less than 20 bits. It was pointed out that such ACK/NACK compression has negative impact on DL throughput, and it was proposed to maximize the use of 20-bit payload size,
Table 3: payload size in Rel-10

	Number of configured cells
	Bundling window size M

	
	2
	3
	4

	2
	8
	12
	16

	3
	12
	18
	12

	4
	16
	12
	16

	5
	20
	15
	20


However, from the available evaluation results [8~10], compared to the case without spatial bundling, the DL throughput loss due to ACK/NAK spatial bundling is less than 1%. Such little gain may not justify introducing additional optimization method. 
Proposal 2: Further optimization on maximizing the use of 20–bit HARQ-ACK is not needed. 
4 Conclusion
In this contribution, we provide our views on the further optimization on TDD ACK/NACK transmission schemes based on PUCCH format 3. The Rel-10 specification already provides a good enough support on HARQ-ACK transmission with large payload size, and spatial bundling only causes marginal loss on DL throughput. Hence, it is proposed that:
Proposal 1: Further HARQ-ACK bundling in addition to spatial bundling is not supported for PUCCH format 3. 
Proposal 2: Further optimization on maximizing the use of 20-bit HARQ-ACK is not needed. 
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Appendix A: Simulation assumptions
	Carrier frequency
	2GHz

	Channel model
	ETU/5MHz

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1x2/2x2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	RX false alarm detection threshold
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Note: One error for each falsely generated ACK bit

	Noise estimation
	Ideal

	Number of UEs
	1 

	Number of PRBs for PUCCH
	1
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	Receiver Type
	Joint ML detection using data and DM-RS

Dual-RM based code: separate ML detection on each code block


