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1. Introduction
The following was agreed in RAN1-61bis regarding ACK/NAK transmission schemes in Rel-10 carrier aggregation, for both FDD and TDD:
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM
For Rel-10 TDD with carrier aggregation, the amount of ACK/NAK feedback bits can be large. Some form of ACK/NAK bundling can be applied to reduce the ACK/NAK payload size. On the other hand, ACK/NAK bundling introduces unnecessary retransmissions and hence reduces the system throughput. In this contribution, we focus on the ACK/NAK payload sizes in Rel-10 TDD. Particularly, we evaluate the DL system throughput for various ACK/NAK bundling schemes.
2. TDD ACK/NAK transmission scheme
In this section, we briefly discuss the evaluated Rel-10 TDD ACK/NAK transmission schemes, with various ACK/NAK bundling schemes and ACK/NAK payload sizes. In detail, the following ACK/NAK multiplexing/bundling schemes are studied, assuming TDD UL/DL configuration 2 and a carrier aggregation system with 2 component carriers.

· Case 1: ACK/NAK full multiplexing, SIMO, 8 ACK/NAK bits
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Figure 1: ACK/NAK full multiplexing, SIMO

· Case 2: ACK/NAK bundling across two subframes, SIMO, 4 ACK/NAK bits
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Figure 2: ACK/NAK bundling across two subframes, SIMO

· Case 3: ACK/NAK bundling across four subframes, SIMO, 2 ACK/NAK bits
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Figure 3: ACK/NAK bundling across four subframes, SIMO
· Case 4: ACK/NAK bundling across component carriers, SIMO, 4 ACK/NAK bits
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Figure 4: ACK/NAK bundling across component carriers, SIMO

· Case 5: ACK/NAK bundling across component carriers and four subframes, SIMO, 1 ACK/NAK bit
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Figure 5: ACK/NAK bundling across component carriers and four subframes, SIMO

· Case 6: ACK/NAK full multiplexing, MIMO, 16 ACK/NAK bits
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Figure 6: ACK/NAK full multiplexing, MIMO

· Case 7: ACK/NAK bundling across TBs (ACK/NAK spatial bundling), MIMO, 8 ACK/NAK bits
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Figure 7: ACK/NAK bundling across TBs, MIMO
3. DL throughput evaluations

In this section, we show the DL spectral efficiency for the ACK/NAK multiplexing/bundling cases in section 2. The system simulation assumptions are listed in Appendix.
Table 1: DL spectral efficiency, SIMO, UMi, 3km/h
	
	Average SE
	5% cell edge SE

	
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 1
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 1

	Case 1
	2.038 
	0%
	0.132
	0%

	Case 2
	1.947 
	4.5%
	0.125
	5.3%

	Case 3
	1.914 
	6.1%
	0.122 
	7.6%

	Case 4
	1.652
	19.0%
	0.104
	21.3%

	Case 5
	1.475 
	27.7%
	0.091 
	31.1%


Table 2: DL spectral efficiency, SIMO, RMa, 120km/h

	
	Average SE
	5% cell edge SE

	
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 1
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 1

	Case 1
	1.854
	0%
	0.115
	0%

	Case 2
	1.497
	20.0%
	0.090
	22.0%

	Case 3
	1.378
	25.7%
	0.084
	25.0%

	Case 4
	1.438
	22.5%
	0.089
	22.7%

	Case 5
	1.067
	42.5%
	0.062
	46.3%


Table 3: DL spectral efficiency, MIMO, UMi, 3km/h

	
	Average SE
	5% cell edge SE

	
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 6
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 6

	Case 6
	2.647
	0%
	0.076
	0%

	Case 7 
	2.134(1)
	19.4%
	0.044(1)
	43%

	
	2.445(2)
	7.7%
	0.057(2)
	25%


(1): Baseline outer loop link adaptation based on ACK/NAK
(2): Improved outer loop link adaptation based on ACK/NAK 
From Table 1 and Table 2, the following observations can be made on SIMO:
· ACK/NAK Subframe bundling (Case 2 and Case 3) has relative small throughput loss (~5%) compared to ACK/NAK full multiplexing (Case 1) in low speed environment.

· It is noted that any type of ACK/NAK bundling across subframes requires DAI bits in DL grant, in order to reduce the error case of DL grant missing in the bundling window. Furthermore, the error case of last DL grant missing cannot be elegantly resolved.
· ACK/NAK bundling across subframes (Case 2 and Case 3) has relatively large throughput loss (~20%) compared to ACK/NAK full multiplexing (Case 1) in high speed environment.

· ACK/NAK bundling across component carriers (Case 4) has relatively large throughput loss (~20%) compared to ACK/NAK full multiplexing (Case 1), in both low and high speed environment.
· ACK/NAK full bundling across subframes and component carriers (Case 5) has the lowest DL spectral efficiency.

Table 3 indicates that in case of MIMO, ACK/NAK spatial bundling also leads to DL spectral efficiency loss, compared to ACK/NAK full multiplexing. One important aspect of ACK/NAK spatial bundling is that outer loop link adaptation based on ACK/NAK feedback cannot be easily performed on a per codeword basis, as the eNB can only obtain the spatially bundled ACK/NAK information.
Given the above analysis, we currently have the following preferences:

· ACK/NAK bundling across component carriers and ACK/NAK full bundling is not preferable from DL throughput perspective.

· ACK/NAK bundling across subframes is not preferable from DL throughput perspective for high speed. In addition, it requires DAI bits in DL grant.
· ACK/NAK spatial bundling is not preferable from DL throughput perspective. However, ACK/NAK spatial bundling provides an effective means to reduce the ACK/NAK feedback payload size, without any error cases. Hence, it is possible to enable ACK/NAK spatial bundling by eNB configuration.
4. Conclusions

In this contribution, we evaluate the DL throughput with different ACK/NAK bundling schemes. It is shown that any form of ACK/NAK bundling shall degrade the DL spectral efficiency. Hence, it is recommended that ACK/NAK full multiplexing shall be adopted as the baseline in Rel-10 CA. It is possible to support ACK/NAK spatial multiplexing by eNB configuration, in order to reduce the ACK/NAK payload size.
5. Appendix

	Parameter
	Assumption

	Channel model
	1) ITU UMi
2) ITU RMa

	eNB antenna configuration
	8 cross-polarized Tx antennas 
Columns with ± 45° linearly polarized antennas
Columns separated 0.5  wavelengths

	UE antenna configuration
	2 ULA Rx antennas with 0.5 wavelengths separation at UE

	Subframe configuration
	TDD UL-DL configuration 2

	Number of UEs per cell
	10

	Traffic model
	Full Buffer

	Scheduler algorithm
	Proportional fairness
Per subframe scheduling

Independent scheduling per CC

	CC Configuration
	2 continuous component carriers of 10MHz each

	Transmission scheme
	SVD based beamforming, port7 (SIMO), port 7 and 8 (MIMO)

	Link adaptation scheme
	Inner loop control based on CSI enabled

Outer loop control based on ACK/NAK enabled

	HARQ scheme
	Chase combining

	Feedback configuration
	Perfect feedback with SRS
SRS periodicity 5 ms, SRS latency 5 ms
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