
3GPP TSG RAN WG1 Meeting #68bis
                         R1-121342
Jeju, Korea, 26th – 30th March 2012
Source:                    
New Postcom
Title:  
HARQ-ACK bundling for uplink control signalling enhancement
Document for:        
Discussion and decision
Agenda Item:         
7.2.1.2.2
1. Introduction
In RAN1#66bis meeting, for Rel-11 CA, there was an agreement achieved as follows:

Potential UL control signalling issues for consideration include:

· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 
In RAN1#67 meeting, several contributions have discussed the HARQ-ACK bundling issue and conclude that: 

Decide at RAN1#68 which A/N enhancements if any to support in Rel-11. 
Include DL throughput in evaluations. 

In this contribution, based on the PUSCH based solution proposed for the top two issues[1], we also express our views on HARQ-ACK bundling issues on PUCCH for uplink control signalling enhancement.  
2. Discussion 
2.1 HARQ-ACK bundling for TDD configuration 1/2/3/4/6
In Rel-10 CA, any ACK/NACK compression schemes are not supported in FDD for the reason that the number of ACK/NACKs is up to 10 bits for 5 CCs.  For TDD, except configuration 5, ACK/NACK time-bundling is not applied for the UE configured with more than 2 serving cells, while ACK/NACK spatial-bundling is adopted for the UE configured with more than 2 serving cells only when the number of ACK/NACK bits exceeds 20 bits.  In the following table,  the ACK/NACK transmission for TDD in Rel-10 CA is summarized.
Table 1: the ACK/NAK transmission for TDD configuration 1/2/3/4/6 in Rel-10 CA
	Number of configured serving cells
	ACK/NAK transmission
	M=2
	M=3
	M=4

	2
	PUCCH format 1b with channel selection
	The number of A/N bits
	4
	4
	4

	
	
	bundling scheme
	Time bundling
	Time bundling
	Time bundling

	
	PUCCH format 3
	The number of A/N bits
	8
	12
	16

	
	
	bundling scheme
	-
	-
	-

	3
	PUCCH format 3
	The number of A/N bits
	12
	18
	12

	
	
	bundling scheme
	-
	-
	Spatial bundling

	4
	PUCCH format 3
	The number of A/N bits
	16
	12
	16

	
	
	bundling scheme
	-
	Spatial bundling
	Spatial bundling

	5
	PUCCH format 3
	The number of A/N bits
	20
	15
	20

	
	
	bundling scheme
	-
	Spatial bundling
	Spatial bundling


Actually, the design of UL ACK/NAK transmission schemes is a tradeoff between UL ACK/NACK detection performance and DL throughput loss. More individual ACK/NACK feedback bits can reduce unnecessary downlink data retransmission and thus decrease DL throughput loss. On the other hand, UL ACK/NACK bundling schemes are desirable for capacity-limited PUCCH format and improve the reliability of ACK/NACK detection performance. 
In recent meetings, many contributions have discussed further bundling schemes in additional to spatial bundling for PUCCH format 3, which has a capacity of 48 bits for only ACK/NACK transmission. Contributions[3][4][5][6] proposed to support time-domain bundling with spatial bundling to further reduce ACK/NACK payload size, and provided a more reliable HARQ-ACK feedback for most UEs. However, contributions[7][8] think the current design of HARQ-ACK transmission mode with PUCCH format 3 already enables a reasonable coverage even if for large payload sizes, and in order to avoid the negative impact on DL throughput and complicated error case handling for retransmission, additional bundling is thus not needed. 
In order to give a universal CSI feedback mechanism for CA, eICIC and CoMP, contribution[1] proposed a PUSCH based solution for multiple periodic CSI reports multiplexed with ACK/NACKs. If this solution is adopted, we think it doesnot need to further compress the ACK/NACK payload size of PUCCH format 3 to accommodate periodic CSI report, so it is preferable to follow the existing bundling scheme in Rel-10 to get better DL throught.  
Proposal 1: Additional bundling schemes on PUCCH are not supported for TDD configuration 1/2/3/4/6 in Rel-11.

2.2 HARQ-ACK bundling for TDD configuration 5
In Rel-10 CA, ACK/NACK compression is not supported for a UE configured with 2 serving cells and TDD UL-DL configuration 5, and ACK/NACK transmission is not supported for a UE configured with more than 2 serving cells and TDD UL-DL configuration 5. It means that ACK/NACK transmission for TDD UL-DL configuration 5 is supported for only up to 2 serving cells with PUCCH format 3 but not with PUCCH format 1b with channel selection. 

In Rel-11 CA, a UE configured with 2 serving cells is no longer the main application scenario, which is normally extended to 5 serving cells as required. In order to provide DL peak rates for such scenarios, the DL-heavy TDD configuration 5 is the most suitable configuration, and thus a large amount of ACK/NACK bits are required. Due to the time limited in Rel-10, the ACK/NACK compression scheme for TDD configuration 5 has not been discussed yet. After the analysis in the following table 2, it shows that the number of ACK/NACK bits is too large to accommodate in PUCCH format 3 if only spatial bundling is adopted. With time bundling scheme, the number of ACK/NACK bits is reduced to ten at most, time bundling scheme is thus preferable for PUCCH format 3 in TDD configuration 5. 

Proposal 2: HARQ-ACK time bundling for TDD configuration 5 and a UE  configured with up to 5 serving cells is supported in Rel-11.

Table 2: the ACK/NAK transmission for TDD configuration 5 in Rel-11 CA
	The number of CCs
	2 CCs
	3 CCs
	4 CCs
	5 CCs

	Maximum number of A/N bits without bundling
	36
	54
	72
	90

	PUCCH format 1b with channel selection
	The number of A/N bits
	4
	-
	-
	-

	
	Bundling scheme
	Time bundling
	-
	-
	-

	PUCCH format 3
	The number of A/N bits
	18
	27
	36
	45

	
	Bundling scheme
	Spatial bundling
	Spatial bundling
	Spatial bundling
	Spatial bundling

	
	The number of A/N bits
	-
	6
	8
	10

	
	Bundling scheme
	-
	Time bundling
	Time bundling
	Time bundling


3. Conclusion
This contribution considers HARQ-ACK bundling issues on PUCCH for uplink control signalling enhancement,

and proposes the following suggestions: 
Proposal 1: Additional bundling schemes on PUCCH are not supported for TDD configuration 1/2/3/4/6 in Rel-11.

Proposal 2: HARQ-ACK time bundling for TDD configuration 5 and a UE  configured with up to 5 serving cells is supported in Rel-11.
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