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1 Introduction
Supporting CA with up to 32 downlink CCs increases considerably the amount of HARQ-ACK bits that need to be transmitted in a single UL subframe. At the RAN1#82 meeting, it was agreed that: 

	· HARQ-ACK codebook size is dynamically determined

· To ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size)


Futher details regarding how to support dynamic HARQ-ACK codebook adapatation was discussed in the RAN1 #82bis meeting with the following agreements:

	Agreements: 

DAI based solution is supported for dynamic HARQ-ACK codebook:
· Counter DAI in each DL assignment of one CG are used to HARQ-ACK codebook order.
· Counter DAI is incremented in frequency-first-time-second manner for TDD PUCCH CG.
· Counter DAI is incremented in carrier index  for FDD PUCCH CG
· FFS: Number of bit for counter DAI
· FFS: Total DAI in each DL assignment of one CG is to indicate the total codebook size in the current subframe for the corresponding FDD PUCCH CG, up to present subframe within a bundling window for corresponding TDD PUCCH CG .
· FFS:UL DAI in UL grant is  used to indicate the total codebook size within bundling window(Keep the same function in Rel-12);UL grant with UL DAI can be triggered by eNB if  it is deemed necessary to further ensure the common understand between UE and eNB on the total codebook size 
· FFS: Granularity of codebook


In this contribution we discuss some remaining details of HARQ-ACK transmission that need to be addressed in order to support CA with up to 32 CCs. 
2. Discussion 
2.1 HARQ-ACK codebook adaptation 
In Rel-8 TDD, HARQ-ACK codebook adaptation is supported to facilitate efficient HARQ-ACK feedback by adding the DAI field to the DCI formats. We consider this DAI-based signaling mechanism as a basis to achieve HARQ-ACK codebook adaptation for Rel-13 CA with some simple enhancements. 

To ensure the same understanding between eNB and UE regarding the HARQ-ACK codebook size and ordering, the total DAI field needs to be introduced in addition to the counter DAI, which indicates the total number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release in a given subframe. This allows eNB to perform DL scheduling on a subframe-by-subframe basis without the need to predict the PDSCH assignments in future subframes.
With the help of the two DAI fields, a UE can detect if it missed one or more DL assignments by comparing the value of counter DAI in the DL assignments with the number of received DL packets. In addition, the value of counter DAI is used to determine HARQ-ACK ordering in the HARQ-ACK codebook for the respective CCs/subframes. Further, the HARQ-ACK codebook size can be determined by UE based on the value of the total DAI field signaled by eNB and the transmission mode (TM) for each CC.  

In CA, each CC could be independently configured with a particular TM. Since the PDCCH grants for some CCs could be missed at the UE, unless the UE is aware of the DCI formats utilized in those missing grants, it is difficult for the UE to determine the correct number of HARQ-ACK bits to feedback by using only information about the configured TMs of the corresponding CCs. An example of this mismatch is shown in FIG.1. Assume that one UE is configured with 8 active CCs and the eNB scheduled the UE in 6 CCs in subframe n, but the UE missed the DL assignment in CC 4 and successfully detected all the PDCCH assignments in all the other DL CCs in subframe n. Obviously, without any additional mechanism, the UE cannot identify in which CC (e.g., CC 3 with 2 TBs or CC 4 with 1 TB) the missed PDSCH is transmitted. 
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FIG.1: Mismatch problem of HARQ-ACK codebook between eNB and UE
One way to solve this problem is to apply HARQ-ACK spatial bundling by UE for each scheduled CC so that the number of HARQ-ACK bits for each CC always equals 1. This method is simple and can effectively resolve the identified problem. However, it also suffers DL performance loss to some extent. As an alternative, as illustrated in FIG.1 above, the configured CCs can be grouped into two CC groups (CGs), where one CG consists of CCs with one of the TMs with one TB and the other consists of CCs with one of the TMs with two TBs. Then, the accumulation operation for DAI field-1 is conducted within each CG. In addition, the value of DAI field-2 indicates the total number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release within each CG in a given subframe.
Using again the example in FIG.1, we assume UE misses the DL assignment in CC 4. With the help of the value of DAI fields “1,3” and “3,3” in the detected DL assignments from CC 1 and CC 6 in CG2, the UE is able to realize that it missed the DL assignment for one CC of CG 2 and then decides to feedback a total of 6 HARQ-ACK bits for CG 1 and 3 bits for CG2.  

Another issue related to the DAI-based solution is the bit width of the DAI fields. For CA with up to 32 CCs, a 5-bit absolute counter for DL DAI is theoretically needed. However, we think a 2-bit DL DAI for each field is sufficient to provide a reliable HARQ-ACK bit feedback since the HARQ-ACK codebook mismatch occurs only if the UE misses 4 consecutive DL assignments. More specifically, the reliability of the HARQ-ACK codebook adapatation can be controlled by eNB with more conservative PDCCH link adaptation. 
Based on the discussion above, we have the following proposals on the DAI design for Rel-13 CA:
Proposal 1: The configured CCs are grouped into two different CC groups based on the transmission mode that is configured for each CC, where one CG consists of CCs in a TM with one TB and the other CG consists of CCs in a TM with two TBs. 
Proposal 2: Introduce two 2-bit DAI fields to each DCI format used for DL assignment:
· Counter DAI - indicates the accumulated number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release within a CG in a given subframe.

· Total DAI - indicates the total number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release within a CG in a given subframe.
2.2. HARQ-ACK bunding operation
In our previous contribution [1], the UL SINR distribution was presented for two PUCCH transmission cases in Rel-12 small cell scenario 2a:

· Case 1: All UEs transmit PUCCH on the Macro carrier frequency assuming Macro eNB is a PCell. 

· Case 2: UE transmits PUCCH data on the frequency assigned to its serving eNB. 
Based on the results of the required SNR for PUSCH-based PUCCH format presented in [2] and the UL Geometry SINR CDF curve for Case 2 in [1], FIG.2 shows the CCDFs that represent the percentage of the UEs whose SINR value is larger than the minimum required SINR to support a limited set of ACK/NACK payload sizes (i.e., 22, 32, 64, 128 bits) with DL SINR at the {10, 50, 90}% CDF percentile points. 
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FIG.2: UE CCDFs at {10, 50, 90}% DL geometry SINR CDF for different ACK/NACK payloads for Case 2

The following observations can be made according to the results in FIG.2: 

· For macro UEs, ~90% in medium and high DL SINR can support up to 64-bit ACK/NACK payload whereas the percentage reduces to ~70% for UEs in low DL SINR. The percentage of UEs supporting 128-bit payload is decreased to ~70% and ~50% corresponding to medium/high and low DL SINRs, respectively.
· Small cell UEs at different DL SINR CDF reference points exhibit quite similar UL SINR distribution. In particular, more than 80% of all UEs have sufficient UL SINR to convey up to 64-bits ACK/NAK payload and ~ 60% of  all UEs can even transmit up to 128 bits.
To allow 32 DL CCs to be aggregated even for macro cell-edge UEs at the 10th percentile of the DL SINR CDF, UL coverage optimization for ACK/NACK feedback is needed. HARQ-ACK bundling schemes can be considered as a way to reduce the ACK/NACK payload size. 

It is noted that a set of time-domain and spatial-domain ACK/NAK bundling schemes have already been specified in TDD to maximize ACK/NAK coverage. Considering that all these schemes went through careful optimization during previous releases, they can be considered as feasible solutions to signal multi-CC ACK/NACK feedback also in Rel-13. For example, applying the Rel-10 spatial bundling and time-domain bundling operations, the maximum ACK/NACK payload size with 32 DL CCs can be effectively reduced to 64 bits, which can be supported by more than 70% of all UEs in the worst geometry (i.e., Macro UEs with 10% DL SINR), as shown in FIG.2. Hence, the existing bundling mechanisms should be reused as much as possible in Rel-13. Unless a clear benefit can be demonstrated we should not introduce any additonal ACK/NAK bundling schemes for CA in Rel-13 to support 32 CCs.  

Proposal 3: The existing ACK/NACK feedback schemes need to be reused if bundling is deemed necessary. 
2.3 CRC attachment
An open issue related to HARQ-ACK transmission is whether 8-bit CRC should be appended for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH. 

In general, CRC attachment is desirable to keep the DTX-to-ACK probability at a sufficiently low level and facilitate DTX detection at eNB. On the other hand, some concerns were raised during the discussion that 8-bit CRC may lead to inferior decoding performance if the HARQ-ACK/SR payload is small. 
In [3], we present the required SNR results for HARQ-ACK payload range from 22 bits to 128 bits with and without 8-bit CRC. We observed based on the results that there is always a gain for all the evaluated bit sizes with CRC. This is because, without CRC, the required SNR is dominated by the requirement of Pr(NACK->ACK) = 0.1%. With CRC, the required SNR to fulfil the requirement above is significantly reduced due to treating all as NACKs in case of CRC being false. As a result, the required SNR is dominated by the other requirement of Pr(ACK->NACK/DTX) = 1%, which is smaller than the value without CRC.  

Further, having a fixed 8-bit CRC has the additional adavantage of preventing unnecessary hardware complexity and testing based on the HARQ-ACK/SR payload size. We therefore recommend that 8-bit CRC is used for all HARQ-ACK/SR payload sizes on the new PUCCH format. 

Proposal 4: 8-bit CRC is always attached for HARQ-ACK transmission if it is transmitted on the new PUCCH format. 
3. Conclusions
In this contribution, we discussed several design aspects to efficiently support HARQ-ACK feedback on PUCCH for up to 32 DL CCs. Based on the discussion, we make the following proposals:
Proposal 1: The configured CCs are grouped into two different CC groups based on the transmission mode that is configured for each CC, where one CG consists of CCs in a TM with one TB and the other CG consists of CCs in a TM with two TBs. 

Proposal 2: Introduce two 2-bit DAI fields to each DCI format used for DL assignment:

· Counter DAI - indicates the accumulated number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release within a CG in a given subframe.

· Total DAI - indicates the total number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release within a CG in a given subframe.
Proposal 3: The existing ACK/NACK feedback schemes need to be reused if bundling is deemed necessary. 
Proposal 4: 8-bit CRC is always attached for HARQ-ACK transmission if it is transmitted on the new PUCCH format. 
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