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1. Introduction

In RAN1#61bis, two ACK/NAK multiplexing schemes, i.e. channel selection and DFT-S-OFDM, have been agreed for Rel-10 carrier aggregation. In this contribution, we discuss the following remaining issues:
· ACK/NAK codebook size determination
· Support of explicit DTX

· Support of ACK/NAK spatial bundling
· ACK/NAK coding schemes on PUCCH and PUSCH
2. ACK/NAK codebook determination
For ACK/NAK multiplexing, UE and eNB shall have the same understanding on the ACK/NAK codebook size and bit positions,  for correct decoding of individual ACK/NAK feedback bits. Three alternatives for ACK/NAK codebook size determination can be described as follows:
· Alt1: Determined by the number of configured UE DL CCs
The number of ACK/NAK feedback bits is determined by the number of configured UE DL CCs, and the ACK/NAK bit position can be determined by the DL CC index, as shown in Figure 1. NAK shall be fed back for the DL CC(s) without DL assignment detected. Although the codebook size can be larger than the number of scheduled PDSCHs in a subframe, the ACK/NAK detection performance does not need to be compromised since the eNB has the full knowledge of scheduling decision and knows the exact number and location of expected ACK/NAK feedback bits. Hence, eNB can accurately determine the set of hypothesis testing for ACK/NAK decoding.
For Alt1, the ACK/NAK codebook size changes on a semi-static fashion, since the set of UE DL CCs is configured by RRC signaling. Thus, the misalignment on the ACK/NAK codebook size between UE and eNB can only occur during reconfiguration of the UE DL CC set, which is expected to be a rare occasion. Hence, Alt 1 is beneficial for maintaining a normal and reliable HARQ operation. 
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Figure 1: Alt1 for ACK/NAK codebook determination
· Alt2: Determined by the number of activated DL CCs
Compared with Alt1, Alt2 determines the ACK/NAK codebook size based on the number of activated DL CCs in stead of configured DL CCs. In order to achieve power savings, it is expected that CC activation/deactivation occurs more frequently than reconfiguration of UE DL CC set. Hence it is more likely for eNB and UE to have different understandings on the ACK/NAK codebook size with Alt2. Furthermore, it is noted that DL CC activation/deactivation is performed by MAC CE, which is less robust/reliable than RRC signaling.
· Alt3: Determined by the number of scheduled DL CCs
With Alt3, the number of ACK/NAK feedback bits is determined by the number of scheduled DL CCs, and the ACK/NAK bit position can be determined by the DL CC index. This alternative is least attractive since UE may miss one or several DL grant and compromise the ACK/NAK feedback for other PDSCHs. An example is shown in Figure 2, where DL grants for PDSCH on CC1 and CC2 are sent by eNB and UE only detects the DL grant for PDSCH on CC 2. While eNB expects 4 ACK/NAKs, the UE only feeds back 2 ACK/NAKs. Furthermore, the 2 ACK/NAKs fed back by UE are in the wrong ACK/NAK bit positions. Thus, the HARQ processes on both DL CC 1 and DL CC 2 are affected. 
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Figure 2. Alt. 3 for ACK/NAK codebook determination
In summary, maintaining the same understanding of the ACK/NAK codebook size between eNB and UE affect the ACK/NAK and system performance. Hence, the least error prone alternative shall be adopted. Hence, we recommend that ACK/NAK codebook size is determined by the number of configured DL CCs.
3. Explicit DTX
Basing on the simulation results in [1], with reasonable CQI accuracy, no significant system throughput difference can be observed between Chase Combining and Incremental Redundancy, which indicates explicit DTX has little gain on improving DL throughput. Furthermore, even without explicit DTX, eNB can still support IR by scheduler implementation, e.g. IR is used for the first retransmission, and redundancy version 0 is always used for the second retransmission. 

On the other hand, explicit DTX increases the ACK/NAK feedback payload significantly, which reduces the ACK/NAK detection performance directly.  In order to support explicit DTX, additional mapping table designs are needed for PUCCH format 1b with channel selection, and more PUCCH format 1b channels shall be assigned for a UE, which increases the PUCCH overhead. 
With the above considerations, our preference is that explicit ACK/NAK DTX is not supported in Rel-10.
4. ACK/NAK spatial bundling
ACK/NAK spatial bundling is supported in Rel-8 TDD ACK/NAK multiplexing, as a means to reduce the ACK/NAK payload size. It is noted that Rel-8 TDD ACK/NAK multiplexing supports a maximum of 4 ACK/NAK feedback bits, and spatial bundling is mandatory for ACK/NAK multiplexing irrespective of the TDD UL-DL subframe configuration. While this Rel-8 design principle is simple for specification and implementation, it unnecessarily enforces spatially bundling and reduces the DL throughput [3]. For example, for TDD UL-DL subframe configuration #1 in Rel-8, a maximum of 4 ACK/NAK bits is required in an UL subframe, even without spatial bundling. Given that Rel-10 carrier aggregation aims for higher data rate and the agreed DFT-S-OFDM scheme can support transmission of more than 4 ACK/NAK bits, it is desirable that spatial bundling is not mandatory for all TDD UL-DL subframe configurations. On the other hand, spatial bundling is an effective approach to reduce the ACK/NAK feedback payload, especially for extremely DL heavy TDD UL-DL subframe configurations. Hence, it shall be supported in Rel-10 that the support of ACK/NAK spatial bundling is configured by eNB. This same proposal can be applied to both TDD and FDD in Rel-10 CA.
5. ACK/NAK coding schemes
In RAN1 #61bis, the following coding schemes of UCI transmitted on PUSCH were agreed:
· For up to 2 bits A/N (at least for single DL CC), reuse Rel-8 coding scheme
· For 3-11 (if needed) bits RI and A/N, reuse Rel-8 RM PUSCH UCI block code 

However, the ACK/NAK coding scheme for DFT-S-OFDM on PUCCH has not been discussed. It is noted that during the link level performance evaluations, the Rel-8 (32, A) RM codes with repetition to 48 coded bits are used as the agreed simulation assumption [4]. Furthermore, it has been verified through simulations that the Rel-8 (32, A) RM codes with repetition works well for DFT-S-OFDM. Therefore, it is desirable to reuse it for DFT-S-OFDM in Rel-10.
Another aspect is on the maximum number of ACK/NAK payload size supported by Rel-10 specification. It has been agreed that it shall be supported to feed back individual ACK/NAK for each received TB. Furthermore, RAN1 specification on carrier aggregation shall be release independent and shall support carrier aggregation up to 5 component carriers. Hence, for FDD, a maximum of 10 ACK/NAK bits is required. For TDD, depending on the UL-DL subframe configuration, up to 40 ACK/NAK bits are needed without considering TDD UL-DL subframe configuration 5. For large ACK/NAK payload, block coding is less preferable due to its prohibitive decoding complexity. Convolutional coding, on the other, has decoding algorithms with lower complexity and is well supported by specification. Hence, we have the following preferences: 

· For ACK/NAK transmission with DFT-S-OFDM  on PUCCH

· (32, A) RM coding for up to 11 ACK/NAK bits
· Convolutional coding without CRC bits for more than 11 ACK/NAK bits
· For ACK/NAK transmission on PUSCH
· Simplex coding for 1 or 2 ACK/NAK bits

· (32, A) RM coding for 3  to 11 ACK/NAK bits

· Convolutional coding without CRC bits for more than 11 ACK/NAK bits
6. Conclusions

In this contribution, we discuss several detailed designs of ACK/NAK transmission with CA in Rel-10. We currently have the following proposals:
Proposal 1: ACK/NAK codebook size is determined by the number of configured DL CCs.
Proposal 2: Explicit ACK/NAK DTX is not supported in Rel-10.

Proposal 3: ACK/NAK spatial bundling is configured by higher layers.

Proposal 4: For ACK/NAK coding schemes:

· Rel-8 (32, A) RM coding with repetition is supported for up to 11 ACK/NAK bits with DFT-S-OFDM on PUCCH 

· Rel-8 tail biting convolutional coding without CRC bits is supported for more than 11 ACK/NAK bits on both PUCCH and PUSCH
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