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1 Introduction
In RAN1#67, ACK/NAK enhancements in Rel-11 were discussed without agreement made. In this contribution, we further discuss the ACK/NAK enhancement in Rel-11 carrier aggregation.
2 Motivation for ACK/NAK enhancement in Rel-11 CA
2.1 PUCCH coverage
Figure 1 shows the PUCCH geometry with different numbers of inter-cell interfering UEs per PRB. It shall be noted that the variation of a UE’s PUCCH SINR is mainly due to the dynamics of inter-cell interference in uplink [1]. In other words, even for a cell interior UE, it may experience severe PUCCH inter-cell interference if UEs in neighboring cells generate significant inter-cell interference on the PUCCH PRB. Although closed loop TPC commands are allowed to dynamically adjust the PUCCH transmit power, it is still unlikely to fully compensate the dynamics of inter-cell interference, which is governed by the scheduler decisions in neighboring cells and can change on a subframe basis.

Combing the required SNR for PUCCH format 3 with different ACK/NAK bits in Tables 1 – 2 and the PUCCH geometry in Figure 1, it is seen that:
· With 5 inter-cell interfering UEs per PRB, UE cannot transmit 10 or 16 ACK/NAK bits for a large percentage of time, which may lead to the following:
· FDD UEs cannot be configured with 5 serving cells and MIMO transmission mode
·  For some TDD UL-DL configurations (e.g. TDD UL-DL configuration 2, 3, 4), UEs cannot be configured with more than 1 serving cells and MIMO transmission mode.
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Figure1. PUCCH geometry

Using ICIC to reduce the number of inter-cell interfering UEs per PRB can improve PUCCH coverage. However, PUCCH ICIC would degrade the UL efficiency, since less UEs are multiplexed in one PUCCH PRB. Assuming the same amount of PUCCH overhead reserved from the system perspective (i.e. an assumed number of PUCCH UEs per PRB), it is beneficial to provide ACK/NAK compression scheme such that UEs can be configured with carrier aggregation while still capable of achieving the required ACK/NAK detection performance. 
2.2 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 for a very small percentage of time, UEs can support transmitting 18 ACK/NAK in a subframe. Therefore, ACK/NAK compression scheme is essential for TDD UL-DL configuration 5.

3 ACK/NAK compression scheme

ACK/NAK compression leads to ACK/NAK information loss which consequently requires unnecessary transmission of PDSCH. Therefore, it is necessary to perform tradeoff analysis between DL throughput and PUCCH detection performance when investigating further enhancements on ACK/NAK compression schemes in Rel-11.

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]. Figure 2 shows the link level results of ACK/NAK spatial bundling. It is observed that ACK/NAK spatial bundling provides slightly degraded DL throughput than the case with non-bundled ACK/NAK feedback. On the other hand, if a UE is forced with a single TB transmission mode due to insufficient PUCCH SNR to support non-bundled ACK/NAK feedback, its corresponding DL throughput is degraded significantly compared to the case with a multi-TB transmission mode. It is noted that multi-TB transmission with spatial ACK/NAK bundling provides higher DL throughput than single TB transmission, starting from SNR around 2 dB and above as shown in Figure 2. Figure 3 shows the calibrated DL geometry from TR36.814, where it is indicated that most of UEs can have DL geometry above 2 dB. Hence, enabling ACK/NAK spatial bundling is beneficial in practical deployments.
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Figure2. DL throughput of ACK/NAK spatial bundling
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Figure 3. DL geometry from TR36.814

It shall be noted that spatial ACK/NAK bundling is already supported in Rel-10 TDD carrier aggregation, where spatial ACK/NAK bundling is mandated only if more than 20 ACK/NAK bits need to be fed back to guarantee the feedback payload does not exceed the PUCCH maximum payload. As an enhancement of ACK/NAK in Rel-11, it is proposed that spatial bundling is configurable by eNB, in order to provide a good balance between PUCCH coverage and DL throughput.
Furthermore, considering the ACK/NAK payload of TDD, 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 and TDD UL-DL configuration 5.
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 need to be studied for improving PUCCH coverage and completing the physical layer specification in Rel-11. Based on the tradeoff on DL throughput and ACK/NAK detection performance, we have the following proposals:
Proposal 1: Spatial ACK/NAK bundling is supported for both FDD and TDD in Rel-11 carrier aggregation.

· The application of spatial bundling is configurable by eNB.

Proposal 2: Time-domain ACK/NAK bundling is supported for TDD UEs configured with more than 2 serving cells and for TDD UL-DL configuration 5.
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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


Table 3: Link level simulation assumptions for ACK/NAK compression schemes
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	Data transmission BW
	6RBs

	Channel model
	Urban macro with high spread (15° angular spread)

	Fading speed
	3km/h

	Co-polarized
	Antenna configuration
	8x4, ideal antenna calibration

	
	Antenna polarization
	DP at BS and UE

	Antenna spacing
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	UE antenna orientation
	Fixed

	Link adaptation
	fixed rank transmission, 
AMC, HARQ with maximum 3 re-transmissions

	Receiver
	MMSE based on DM RS of serving cell

	Periodicity of CSI RS
	10ms

	Channel estimation
	2-D MMSE on CSI RS and DM RS

	RI/PMI/CQI feedback delay
	5ms
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