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1 Introduction
In RAN1#66bis, several potential UL control signaling enhancements have been proposed. The reliability of ACK/NAK transmission for the scenario with more than 2 aggregated CCs is one of the potential enhancements in Rel-11. In this contribution, we further discuss the motivation on ACK/NAK enhancement in Rel-11 carrier aggregation and provide some initial considerations on this topic. 
2 Motivation for ACK/NAK enhancement in Rel-11 CA
To guarantee the reliability of UL ACK/NAK detection performance, ACK/NAK compression (i.e. bundling) is considered to reduce the number of transmitted UL ACK/NAK information bits. This is especially beneficial in Rel-11 considering more carriers can be aggregated. However, compression leads to ACK/NAK information loss which consequently requires unnecessary transmission of PDSCH. Therefore, it is necessary to perform tradeoff analysis when investigating further enhancements on ACK/NAK transmission schemes in Rel-11.
2.1 ACK/NAK compression for FDD UEs configured with more than 2 CCs
For Rel-10 FDD, no ACK/NAK compression scheme is supported. Table 1 in appendix shows the required SNR of PUCCH format 3 for different numbers of ACK/NAK bits and different channel models [2]. Figure 1 shows the PUCCH geometry with 5 inter-cell interfering UEs per PRB. Combing the link level results in Table 1 and the PUCCH geometry in Figure 1, it is seen that:

· Almost about 100% of UEs can support 5 ACK/NAK bits;

· About 50% of UEs can support 10 ACK/NACK bits. 
It is observed that a large percentage of FDD UEs cannot be configured with 5 serving cells and MIMO transmission modes since its PUCCH geometry would not support transmitting 10 ACK/NAK bits. Hence, ACK/NAK compression is beneficial to improve the UL ACK/NAK detection performance. 
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Figure 1: PUCCH geometry

In Rel-10, ACK/NAK bundling across different serving cells has been proposed but was not adopted due to large DL throughput loss. ACK/NAK spatial bundling is an alternative which has been adopted for TDD and has less impact on DL throughput [3]. Therefore, for Rel-11 FDD, spatial bundling shall be used as the ACK/NAK compression scheme for power-limited UEs. 
Observation 1: ACK/NAK compression is useful for FDD UEs configured with more than 2 CCs.

Observation 2: ACK/NAK spatial bundling shall be prioritized over ACK/NAK carrier-domain bundling for less impact on FDD DL throughput.

2.2 ACK/NAK compression for TDD UEs configured with more than 2 CCs

For Rel-10 TDD, ACK/NAK compression scheme (i.e. channel selection mode b) is supported if the UE is configured with two CCs. For UEs configured with more than 2 CCs, only PUCCH format 3 can be used for UL ACK/NAK transmission, and spatial bundling is mandatory only when the number of ACK/NAK feedback bits is more than 20. 
The number of ACK/NAK feedback bits for TDD UEs configured with more than 2 CCs is much higher than FDD, considering the DL heavy TDD UL-DL configurations. With spatial bundling, except TDD UL-DL configuration 5, the maximum ACK/NAK payload is 20. Table 2 in appendix shows the required SNR for 12 to 20 ACK/NAK bits [1]. It can be observed from Figure 1 that the percentage of UEs that can support more than 10 ACK/NAK bits reduces significantly as the ACK/NAK payload size increases. Hence, ACK/NAK compression scheme shall be supported for TDD UEs configured with more than 2 CCs in Rel-11.
One possible enhancement on TDD ACK/NAK transmission in Rel-11 is to allow configurable spatial bundling. Spatial bundling is an error free ACK/NAK compression scheme and can effectively reduce the ACK/NAK payload size by half. In addition to spatial bundling, time-domain ACK/NAK bundling shall also be considered on top of spatial bundling, especially for UEs configured with more than 2 serving cells.
Observation 3: ACK/NAK time-domain bundling shall be employed for TDD UEs configured with more than 2 CCs.

Observation 4: Configurable ACK/NAK spatial bundling is beneficial.
2.3 ACK/NAK transmission for TDD UL-DL configuration 5

In Rel-10, no ACK/NAK transmission and compression scheme supported for TDD UEs configured with more than 2 CCs and TDD UL-DL configuration 5. It is therefore necessary to define the proper ACK/NAK transmission scheme to complete the physical layer specification. The number of required ACK/NAK bits for TDD UL-DL configuration 5 is large, e.g. even for the UE configured with 2 CCs and spatial bundling, 18 ACK/NAK bits need to be transmitted. In practice, only a very small percentage of UEs can support transmitting 18 ACK/NAK in a subframe. Therefore, ACK/NAK compression scheme is essential for TDD UL-DL configuration 5.
Observation 5: ACK/NAK transmission scheme shall be defined for TDD UEs configured with more than 2 CCs and TDD UL-DL configuration 5.
Observation 6: ACK/NAK compression scheme is essential for TDD UL-DL configuration 5.

3 Tradeoff analysis

The proposed enhancements on ACK/NAK transmission in Section 2 apply to all scenarios where carrier aggregation is deployed. The primary impacts are on RAN1 specifications where additional UE behaviors for ACK/NAK transmission shall be specified. Some limited impact on RAN2 ASN.1 specification is foreseen to allow possible configurations of the different transmission schemes. RAN4 specification impact on the ACK/NAK performance requirements may be none or very limited since the proposed enhancements on ACK/NAK do not intend to require new PUCCH transmission formats.
4 Conclusions
In this contribution, we discuss the motivation for UL ACK/NAK enhancement in Rel-11 carrier aggregation. It is pointed out that ACK/NAK compression schemes needs to be studied for FDD and TDD UEs configured with more than 2 CCs and for TDD UL-DL configuration 5. Based on the tradeoff on DL throughput and ACK/NAK detection performance, we have the following proposals:
Proposal 1: Additional ACK/NAK compression shall be employed for FDD and TDD in Rel-11 carrier aggregation.

· Spatial bundling is supported for FDD carrier aggregation.
· Time-domain bundling is supported for TDD UEs configured with more than 2 serving cells and for TDD UL-DL configuration 5. 
Proposal 2: The application of spatial bundling is configurable for FDD and TDD in Rel-11 carrier aggregation
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6 Appendix
Table 1: Required SINR (dB) for PUCCH format3

	Cases
	Number of ACK/NAK bits

	
	2
	3
	4
	5
	6
	8
	10

	ETU 3km/h
	-9.49*
	-8.78*
	-8.38*
	-8.02*
	-7.77*
	-6.3**
	-4.66**

	EPA 3 km/h
	-8.08*
	-7.75*
	-7.37*
	-6.94*
	-6.65*
	-6.2*
	-5.12**

	ETU 120 km/h
	-9.42*
	-9.04*
	-8.58*
	-8.24*
	-8.15*
	-6.84**
	-4.93**


Note 1: * required SINR determined by 1% ACK(DTX/NAK error

Note 2: ** required SINR determined by 0.1% NAK ( ACK error
Table 2: Required SNR (dB) for ACK/NACK with dual RM coding

	Cases
	Number of ACK/NAK payload bits

	
	12
	14
	16
	18
	20

	ETU 3km/h 5MHz
	-2.82
	-1.44
	-0.59
	0.45
	0.86

	EPA 3km/h 10MHz
	-3.16
	-1.91
	-1.26
	-0.91
	0.01
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