
3GPP TSG RAN WG1 Meeting #70bis
                         R1-124346
San Diego, USA, 8th – 12th October 2012
Source:                    
New Postcom
Title:  
HARQ-ACK bundling issues for CA enhancement
Document for:        
Discussion and decision
Agenda Item:         
7.2.1
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#70 meeting, there was no consensus on HARQ-ACK bundling for uplink control signalling enhancement in Rel-11, and a possible working assumption was drawn as follows: 

Possible working assumption:

· For HARQ-ACK enhancements in Rel-11, at least the following is supported:
· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, eNB can configure the UE to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10.

· HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells

· Applicable to HARQ-ACK transmission on both PUCCH and PUSCH

In this contribution, we consider the above possible working assumption for HARQ-ACK bundling as well as additional use of time domain bundling for TDD UL-DL configuration 5, and express our views on HARQ-ACK bundling issues in Rel-11.  
2. Discussion 
2.1 Motivation for HARQ-ACK enhancement
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 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/NACK transmission schemes is a trade-off 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 RAN1recent meetings, several contributions [2-7] have done simulations for HARQ-ACK transmission performance, and results show that most UEs in a cell do not have sufficiently high geometries to provide reliable reception for larger HARQ-ACK payload sizes. For example, in PUCCH SINR distributions in typical UMa and 3GPP Case1 scenarios [5], it is observed that the link level performance difference between 12 bits and 20 bits HARQ-ACK payload on PUCCH format 3 is about 3 dB. 
Observation:  Most UEs in a cell may not have sufficiently high geometries to provide reliable reception for larger HARQ-ACK payload sizes.

Additional HARQ-ACK bundling is expected to further extend PUCCH coverage, but at the expense of DL throughput loss and implementation complexity. In RAN1#69 meeting, WF [8] proposed to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10, and two relative details need to be confirmed: 
· HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells

· Applicable to HARQ-ACK transmission on both PUCCH and PUSCH

In RAN1#70 meeting, such above proposals became the possible working assumption for HARQ-ACK bundling for CA enhancement in Rel-11. 
2.2 HARQ-ACK transmission on PUCCH or PUSCH
In contribution [9], we discussed HARQ-ACK transmission on PUCCH or PUSCH for a UE configured with PUCCH format 3 in HARQ-ACK only case and in HARQ-ACK multiplexing with periodic CSI case. 
—HARQ-ACK transmission on PUCCH
To improve the performance for larger HARQ-ACK payload size on PUCCH format 3, several bundling schemes have been proposed recently for TDD configuration 1/2/3/4/6, such as configurable spatial bundling for HARQ-ACK payload size less than 21 bits[3][4], ACK/NACK compression[4], time bundling/compression for HARQ-ACK payload size less than 21 bits[5], etc. 
The maximum HARQ-ACK payload size on PUCCH format 3 is determined in trade-off consideration between downlink throughput and uplink coverage, which downlink throughput seems to be more important. Spatial bundling can reduce resource cost while keeping coding rate, which leads to the smallest downlink throughput loss. On the contrary, carrier domain bundling may bring great downlink throughput performance loss due to the low correlation between PDSCH channels on different cells, while time bundling may need complicated error case handling caused by missing the last PDCCH. Therefore, carrier or time domain bundling should not be introduced in Rel-11.
In addition, for flexible use of PUCCH format 3 resource and minimize the impact on downlink throughput, we proposed that for TDD UL-DL configuration 1/2/3/4 and a UE configured with PUCCH format 3 for HARQ-ACK transmission, eNB can configure the UE to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10. And further from simplicity perspective, HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells.

—HARQ-ACK transmission on PUSCH 
In Rel-10, HARQ-ACK spatial bundling is applied for the payload of more than 20 bits to achieve reliability requirements of HARQ-ACK reception. Similarly, if the required number of REs exceeds the number of available REs on PUSCH, we thought that it should consider configurable HARQ-ACK spatial bundling to further reduce the HARQ-ACK payload size on PUSCH to meet reliability requirements.
Proposal 1: The possible working assumption proposed in RAN1#70 for Rel-11 HARQ-ACK bundling on CA enhancement should be confirmed, i.e.

· For HARQ-ACK enhancements in Rel-11, at least the following is supported:
· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, eNB can configure the UE to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10.

· HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells

· Applicable to HARQ-ACK transmission on both PUCCH and PUSCH

2.3 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 on 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, so it is preferred for PUCCH format 3 in TDD configuration 5. 

Proposal 2: HARQ-ACK time bundling for TDD UL-DL 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 the possible working assumption for HARQ-ACK bundling as well as additional use of time domain bundling for TDD UL-DL configuration 5, and gives the following observation and suggestions:   
Observation:  Most UEs in a cell may not have sufficiently high geometries to provide reliable reception for larger HARQ-ACK payload sizes.

Proposal 1: The possible working assumption proposed in RAN1#70 for Rel-11 HARQ-ACK bundling on CA enhancement should be confirmed, i.e.

· For HARQ-ACK enhancements in Rel-11, at least the following is supported:
· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, eNB can configure the UE to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10.

· HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells

· Applicable to HARQ-ACK transmission on both PUCCH and PUSCH

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