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1 Introduction
UL ACK/NACK (A/N) feedback for carrier aggregation has been discussed extensively in recent RAN1 meetings. A major point to be decided is to adopt which UL A/N transmission scheme(s), including the corresponding payload, PUCCH format etc. Several contributions have also discussed the multiple A/N feedback design for TDD Carrier Aggregation (CA) [1-4]. In this contribution, we present our views on some TDD specific issues related to UL A/N transmission in LTE-A. 
2 Discussion
When designing the LTE-A TDD A/N transmission the following criterions should be considered:

· To reuse Rel.-8/9 schemes as much as possible to save the standard effort.
· The maximum number of ACK/NACK bits need to be limited considering capacity and the performance supported by transmission format of PUCCH.
· Aim to optimize for the typical CA use cases with two or three aggregated carriers. 
For TDD, up to 45 bits feedback is needed for TDD without considering MIMO and the explicit DTX feedback. Table 1 shows the number of ACK/NAK bits needed for various combinations of different number of DL CCs and DL subframes. 
Table 1 number of ACK/NACK bits feedback for TDD at SIMO
	Number of CC

Number of Subframe
	2
	3
	4
	5

	2
	4
	6
	8
	10

	3
	6
	9
	12
	15

	4
	8
	12
	16
	20

	9
	18
	27
	36
	45


Considering MIMO and DTX 2 times of bits can be expected. For the extreme case such as 4:1 with MIMO or 9:1 the method to trigger a dedicate PUSCH can be studied. It may have the demerits to increase the control channel overhead due to the multiplexing capability restriction. However, considering that the number of UE with 5 DL CCs configured with MIMO mode may be small and generally there are also UL data transmitting on PUSCH  e.g. TCP A/N for large number of DL data for these UEs, the increased overhead may be not a big issue. It can be FFS for the PUSCH-triggered scheme.
In other cases, for cell-edge UEs operating on multiple carriers, it is rather straightforward to simply extend the A/N bundling mode to support the multiple A/N feedback, especially considering that the A/N bundling has been specified and carefully designed in LTE Rel.-8/9. Note also that “limited A/N transmission for the DL CC transport blocks should be supported for power limitation.” has been agreed in RAN1 #58bis. Therefore we think the full A/N bundling should be supported for the power-limited case in LTE-A TDD.
Although A/N bundling is necessary for UEs with power limitation, it may cause the throughput loss in downlink due to some unnecessary retransmission. To maximize the downlink throughput, A/N multiplexing should also be supported for UEs without power limitation, of which the channel selection based scheme and joint coding based scheme can be considered. The channel selection based scheme has already been specified in Rel.-8/9 and at least should be reused for the single carrier case. In the typical CA scenario, a UE aggregates a small number of DL CCs, thus the channel selection based scheme can be used to optimize the UL A/N feedback design, which is more suitable for a small A/N payload. To support a relatively large A/N payload, the joint coding based scheme can be used to maximize the downlink throughput. The channel selection based scheme and the joint coding based scheme can either be configured through higher layer signalling or be automatically derived based on number of DL CCs configured to a UE.
Proposal 1: In LTE-A TDD,
· The full A/N bundling should be supported for the power-limited case.

· The ACK/NACK multiplexing with channel selection is supported for A/N feedback with a relatively small payload.
· The ACK/NACK multiplexing with joint coding is supported for A/N feedback with a relatively large payload.
· FFS on the need of PUSCH-triggered scheme to support extreme case.
2.1 Full A/N bundling
In full A/N bundling, only one or two bits A/N is fed back. As discussed in [7], full A/N bundling is beneficial for cell edge UEs to support DL CA.
An issue is the DAI design for supporting full A/N bundling for CA in LTE-A TDD. As discussed in [1], [3-4], four alternatives have been proposed. 
· Alternative 1: independent DAI design per CC, where the DAI defined in Rel-8/9 are reused in each CC.
· Alternative 2: time first DAI design, where a single DAI sequence is generated with time-domain first encoding. 
· Alternative 3: CC first DAI design, where a single DAI sequence is generated with CC-domain first encoding. 
· Alternative 4: two parts DAI design, where the first part is a fixed 3-bit representing the total number of scheduled PDCCHs in the current sub-frame, and the second part is a 2-bit counter of scheduled sub-frames per DL CC, similar to the DAI in Rel-8 TDD [3]. 
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Fig.1 DAI Alternatives for full A/N bundling in LTE-A TDD
For the time first DAI design and the CC first DAI design, the 2-bit DAI bit width can be kept by a “MOD 4” operation. 
For Alternative 1, it will have the problem of DTX->ACK caused by missing last PDCCH(s) in some CCs and is not preferred. For Alternative 2, great restrictions can be expected on eNodeB scheduler for predicting how many PDCCHs will be sent in following sub-frames in all component carriers. For Alternative 4, extra DCI overhead of the second part DAI is required, which is not preferred for PDCCH reliability and reducing new DCI payload sizes for blind decoding. 
Based on the analysis, the CC first DAI design, i.e., Alternative 3 is preferred.
2.2 ACK/NACK multiplexing with channel selection
The channel selection based A/N multiplexing scheme is beneficial for A/N feedback with a relatively small payload. It can be typically used in the CA case with 2 or 3 aggregated DL CCs.  
To reduce the A/N payload, spatial bundling could be used since the downlink throughput loss is marginal. Besides the spatial bundling, some kind of partial bundling can also be considered for further reducing the A/N payload. Partial bundling can either be done in time domain within a CC or in CC domain within a sub-frame, as illustrated in Fig. 2(a) and Fig. 2(b) respectively. Bundled A/N for each partial bundling group can then be multiplexed through channel selection.
For partial bundling in time domain within a CC, the DAI can be designed as a pure counter to avoid restrictions on eNodeB scheduling for predicting PDCCHs in the following sub-frames. The partial bundling can be done in all sub-frames of a CC. In order to avoid the possible DTX->ACK problem caused by missing last PDCCHs, a 2-bit bundled A/N representing a bundled NAK or the number of bundled ACKs may be needed for each CC, which is similar as defined for multiplexing of A/N and SR or CQI in Rel-8/9.
For partial bundling in CC domain within a sub-frame, the DAI can be designed as a total number of scheduled PDCCHs in the current sub-frame. The partial bundling can be done in all CCs of a sub-frame. UE shall feed back DTX if the number of detected DL sub-frames is not equal to the DAI carried by PDCCH while feedback ACK or NAK if the number of detected DL sub-frames is equal to the DAI carried by PDCCH. eNodeB can determine any DL grant missing by DTX detection. A1-bit bundled A/N is enough for each sub-frame.
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              (a) Partial bundling in time domain within a CC             (b) Partial bundling in CC domain within a sub-frame
Fig. 2 Partial bundling in time domain or in CC domain
It has been agreed that A/N feedback design will not be optimized for a large number of UEs simultaneously scheduled on multiple CCs in a sub-frame. Considering fast activation/deactivation the UEs configured with multiple CCs within a period may be large while the UE is scheduled only at one CC at most of the time. Thus the average number of scheduled PDSCHs within one CC among multiple sub-frames will be larger than the average number of scheduled PDSCHs in a sub-frame among multiple CCs. Although A/Ns among different CCs are considered to be less correlated than in different sub-frames, partial bundling in a CC domain may still result in less downlink throughput loss for the less average number of scheduled PDSCHs [1].
For the reason of less bundled A/N bit required and the less average number of bundled PDSCHs, partial bundling in the CC domain within a sub-frame is preferred.
2.3 ACK/NACK multiplexing with joint coding
The joint coding based scheme is characterized by jointly encoding of all the corresponding A/Ns for the PDSCHs on several DL CCs and on several DL subframes. Either PUCCH format 2 or DFT-S-OFDM based could be used for transmission. They are both advantageous to carry more A/N bits. Spatial bundling could also be used to reduce A/N overhead since the throughput loss is marginal. 
For joint coding with PUCCH format 2, the supported maximum A/N payload is around 10 bits. Since PUCCH format 2 is already defined in Rel.-8/9, it has a better backward compatibility and can reduce both the standardization and the implementation work. A/N payload supported by PUCCH format 2 is enough to deal with the typical case of a small number of aggregated DL CCs. However, for some UL:DL sub-frame configurations, partial bundling will still be needed for reducing A/N payload when aggregated with a large number of DL CCs. The partial bundled A/N is jointly encoded. With the same reason of bundled A/N bit required and the less average number of bundled PDSCHs, partial bundling in the CC domain within a sub-frame is preferred. Since the supported A/N payload is relatively large, CCs can be divided into groups and partial CC bundling is done within a CC group.
For joint coding with DFT-S-OFDM, the supported maximum A/N payload is around 20 bits. For DFT-S-OFDM with SF=5, it can neither be multiplexed with PUCCH format 1/1a/1b nor with PUCCH format 2/2a/2b in a same PUCCH RB. Separate PUCCH RBs will be needed for the DFT-S-OFDM structure. It requires more effort on both the standardization and the implementation work. Since the supported A/N payload are around 20 bits, spatial bundling will be enough even for some extreme UL:DL sub-frame configurations. Partial bundling is considered to be not necessary. A simpler A/N feedback design can be expected because of no partial bundling.
3 Conclusion
This contribution focuses on UL A/N transmission for carrier aggregation in LTE-A TDD system. Based on the discussion, we have the following proposals: 

· The full A/N bundling should be supported for the power-limited case.
· CC first DAI design is preferred.
· The ACK/NACK multiplexing with channel selection is supported for A/N feedback with a relatively small payload.
· For the reason of less bundled A/N bit required and the less average number of bundled PDSCHs, partial bundling in the CC domain within a sub-frame is preferred.
· The ACK/NACK multiplexing with joint coding is supported for A/N feedback with a relatively large payload.
· FFS on the need of PUSCH-triggered scheme to support the extreme case.
References
[1] R1-102939, “UL ACK/NAK Feedback for Power-Limited UE in LTE-A TDD,” Nokia, Nokia Siemens Networks, RAN1 #61, Montreal, Canada, 10 - 14 May 2010. 
[2] R1-102940, “UL ACK/NAK Feedback in LTE-A,” Nokia, Nokia Siemens Networks, RAN1 #61, Montreal, Canada, 10 - 14 May 2010. 
[3] R1-102644, “DAI Design for LTE-A,” CATT, RAN1 #61, Montreal, Canada, 10 - 14 May 2010. 
[4] R1-102999, “DAI design for LTE-A TDD,” Samsung, RAN1 #61, Montreal, Canada, 10 - 14 May 2010. 
[5] R1-103087, “Overview of UL ACK/NACK feedback design issues for carrier aggregation,” Huawei, RAN1 #61, Montreal, Canada, 10 - 14 May 2010. 
[6] R1-103088, “A/N Codebook Design with DTX for Carrier Aggregation,” Huawei, RAN1 #61, Montreal, Canada, 10 - 14 May 2010. 
[7] R1-103885, “On the necessity of ACK/NACK bundling for carrier aggregation”, Huawei, RAN1 #61bis, Dresden, Germany, June 28 – July 2, 2010.





























































































































































































_1338359810.vsd
4


1


CC 1


9


5


11


10


CC 2


n-k1


n-k2


n-k3


n-k4


(5,2)


(3,1)


CC 1


(2,3)


(5,1)


(3,3)


(2,2)


CC 2


n-k1


n-k2


n-k3


n-k4


6


2


CC 3


(5,2)


(3,1)


CC 3


7


12


CC 4


(5,1)


(3,2)


CC 4


8


13


3


CC 5


(5,2)


(3,3)


(3,1)


CC 5


Alternative 3


Alternative 4



_1338361071.vsd
2


4


1


2


3


1


CC 1


3


1


CC 2


n-k1


n-k2


n-k3


n-k4


CC 3


CC 4


1


2


CC 5



_1338361673.vsd
3


4


2


CC 1


3


4


2


1


CC 2


n-k1


n-k2


n-k3


n-k4


4


CC 3


CC 4


3


4


CC 5



_1338359127.vsd
2


1


CC 3


8


7


CC 3


2


1


2


1


CC 1


3


1


3


2


CC 2


n-k1


n-k2


n-k3


n-k4


2


1


CC 1


3


4


6


5


CC 2


n-k1


n-k2


n-k3


n-k4


CC 4


10


9


CC 4


2


1


CC 5


12


11


CC 5


Alternative 1


Alternative 2



