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1 Introduction
[bookmark: _GoBack]In RAN1#81 meeting, UL control signaling for supporting CA with up to 32 CCs was discussed. For HARQ-ACK feedback enhancement, the following was agreed:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits
The design of new PUCCH formats that support the HARQ-ACK codebook size is under discussion. In addition, enhancements regarding HARQ-ACK codebook size was also discussed to reduce the unnecessary bits in order to support CA with up to 32 CCs. This contribution provides our views on enhancements to HARQ-ACK codebook size determination for CA with up to 32 CCs.
2. Discussion
2.1 HARQ-ACK codebook size determination
In Rel-12 CA, HARQ-ACK codebook size is semi-statically determined based on the number of configured CCs, frame structure configuration, transmission mode and other higher layer configurations. This results in a maximum HARQ-ACK codebook size of 64 bits for FDD CA and 638 bits for TDD-FDD CA when the number of aggregated CCs is 32. PUCCH resources will be overloaded in situation like this and methods such as bundling of HARQ-ACK bits is required to reduce the number of HARQ-ACK bits. In scenarios where a UE is likely to be configured with a large number of CCs, e.g., LAA, it is not always scheduled on all of the configured CCs. It is more likely that the UE is scheduled on only part of the configured CCs. In other words, a lot of the HARQ-ACK bits are associated with the CCs that are not scheduled. Hence, mechanisms that dynamically adapt the HARQ-ACK codebook size based on the scheduled number of CCs should be supported to reduce the HARQ-ACK feedback bits which leads to more efficient use of PUCCH resources. On the other hand, a UE configured with a medium number of CCs, e.g., 5 to 10 CCs, can use the Rel-12 HARQ-ACK codebook size determination rule which avoids different understanding between the eNB and the UE which may be present in mechanisms that adapt the HARQ-ACK codebook size dynamically. The choice between semi-static or dynamic codebook adaptation is then a tradeoff between resource efficiency and robustness and it should be configured by higher layer.
Proposal 1: Dynamic HARQ-ACK codebook size determination should be supported and which HARQ-ACK codebook determination rule is used is configured by higher layer.
In [1] and other contributions, it was proposed to introduce a CC domain DAI to indicate the HARQ-ACK codebook size. As of Rel-12, the DAI in an uplink grant indicates the the total number of subframes with PDSCH and PDCCH/EPDCCH indicating SPS release within a HARQ-ACK bundling window and the DAI in a downlink assignment indicates the accumulative number of PDCCH/EPDCCH with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release within a HARQ bundling window. In contrast, a CC domain DAI can have a similar meaning in CC domain. For example, the CC domain DAI in an uplink grant indicates the total number of CCs with PDSCH and PDCCH/EPDCCH indicating SPS release within a HARQ-ACK bundling window and the CC domain DAI in a downlink assignment indicates the accumulative number of CCs that have PDCCH/EPDCCH with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release within a HARQ bundling window.
In the following, we discuss several ways of assigning DAI value in the CC domain that can be used jointly with time domain DAI to dynamically indicate the HARQ-ACK codebook size in FDD and TDD CA.
FDD CA
In FDD CA, the CC domain DAI in uplink grant indicates the total number of CCs with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release in a subframe. The CC domain DAI in downlink assignment indicates the accumulative number of CCs that have PDCCH/EPDCCH with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release in a subframe.
For a subframe with the associated HARQ-ACK feedback bits transmitted in a subframe without PUSCH transmission based on an UL grant, i.e., when the CC domain UL DAI is not available, codebook size inconsistency between the UE and the eNB occurs when the CC domain DL DAI with the largest value is not properly received by the UE. On the contrary, for a subframe with the associated HARQ-ACK feedback bits transmitted in a subframe with a CC domain UL DAI, when the CC domain DL DAI with the largest value is not properly received by the UE, it is possible to use the CC domain UL DAI to determine the HARQ-ACK codebook without causing codebook size inconsistency between the UE and the eNB. However, when the CC domain UL DAI is also missed, codebook size inconsistency may occur. Note that in FDD CA, the CC domain DL DAI can actually be set to the total number of CCs with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release in a subframe. The order of HARQ-ACK bits can be mapped based on the serving cell indices of the CCs. This way the CC domain UL DAI is redundant and not needed. In addition, the above mentioned inconsistency problem does not occur if at least one CC domain DL DAI is received.

TDD CA
In current TDD CA, when configured to use PUCCH format 3, a UE determines the HARQ-ACK codebook size based on the UL DAI  or the HARQ-ACK bundling window size M depending on whether the HARQ-ACK bits within a HARQ-ACK bundling window is transmitted in a subframe with or without a PUSCH transmission based on an UL grant. The UL DAI  in an UL grant indicates the total number of subframes with PDSCH and PDCCH/EPDCCH indicating SPS release within a HARQ-ACK bundling window. The HARQ-ACK codebook size with spatial bundling is determined as the number of configured CCs multiplied by (or M). The unscheduled subframes in each CC then correspond to NACK HARQ-ACK bits.
As suggested in [1], a CC domain DAI can be introduced to assist the determination of HARQ-ACK codebook size more dynamically. The CC domain DL DAI indicates the accumulative number of CCs that have PDCCH/EPDCCH with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release within a HARQ-ACK bundling window and the DAI value should be assigned in a CC domain first manner. In other words, the DAI value is assigned in ascending order consecutively to the CCs scheduled in the first subframe before it is assigned to the CCs scheduled in the next subframe. This way avoids the need for eNB to schedule all the subframes within a HARQ-ACK bundling window at once. The CC domain UL DAI indicates the total number of CCs with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release within a HARQ-ACK bundling window. The HARQ-ACK codebook size is then determined by the time domain and CC domain DAI pair. The HARQ-ACK bit mapping order can follow the current rule having HARQ-ACK bits associated with the same CC mapped first. However, the inconsistency of HARQ-ACK codebook size between the eNB and the UE occurs as long as the last DL DAI pair in time domain of any CCs is lost. Even if the UL DAI pair is available, it is hard to know exactly the HARQ-ACK codebook since the time domain UL DAI is not per CC.
The inconsistency problem can be solved if the HARQ-ACK codebook size is expanded to as the CC domain UL DAI times the time domain UL DAI and, alternatively, as the number of CCs that are scheduled within a HARQ bundling window times the HARQ-ACK bundling window size M when the HARQ-ACK bits are transmitted in a subframe without PUSCH transmission based on an UL grant. However, error may still occur when the UL DAI pair are lost. In the latter case, error occurs when all DL DAI pairs in a CC are lost.
Another method is to use a single DAI instead of a DAI pair. For example, assuming with spatial bundling, the UL DAI indicates the total number of HARQ-ACK bits within a HARQ bundling window. Each HARQ-ACK bit corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release. So the DL DAI indicates the accumulative number of PDCCH/EPDCCH with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release. The DL DAI is assigned in a CC domain first manner. With the UL and DL DAI, HARQ-ACK consistency between eNB and UE can be maintained. In addition, CRC can be utilized by eNB to blindly decode the HARQ-ACK feedback with possible bit lengths in case the UL DAI and last DL DAI(s) are lost at the UE. However, the mapping order of the HARQ-ACK feedback bits is then based on the DL DAI which is different from the legacy rule. The drawback of using a single value DAI is that the signalling overhead is large if the new DCI format is designed to handle extreme cases such as having 638 HARQ-ACK bits. To minimize the DCI signalling and the specification impact, one possible solution is to perform modulo operation on the DAI value by, e.g., the number of configured CCs. 
It can be seen that the more dynamic the HARQ-ACK codebook is, the more signalling overhead and specification impact it causes and the more difficult it is to maintain the same understanding of the HARQ-ACK codebook. Hence, the HARQ-ACK codebook size determination based on the scheduled CC which still has some padding bits correspond to subframes of a CC without PDSCH or PDCCH/EPDCCH indicating downlink SPS release, is a better candidate than the HARQ-ACK codebook size determination based on the scheduled transmissions which does not have padding bits. The HARQ-ACK codebook size determination based on the scheduled transmissions needs further study.
Proposal 2: FFS the new DAI and the HARQ-ACK codebook determination rule.
2.2. New PUCCH format and resource selection
In [2], a new PUCCH format based on PUCCH format 3 that have 2 DMRS symbols per slot and a new PUCCH format based on PUSCH format that have 1 DMRS symbol per slot are evaluated. It is shown that the 2 candidate formats perform similarly with the PUSCH based format having a slightly better performance when the payloads are over 100 bits. In Rel-13 CA scenario, supposedly the number of UEs aggregating and scheduled on more than 5 CCs is not large in a given time. In order to maximize PUCCH resource efficiency, the ability of multiplexing UEs using the new PUCCH format and UEs using PUCCH format 3 on the same PRBs should be considered. Hence the new PUCCH format should at least support the PUCCH format 3 based format and the PUSCH based format should be FFS to support very large HARQ-ACK codebook size.
Proposal 3: The new PUCCH format should at least support the PUCCH format 3 based format and the PUSCH based format should be FFS to support very large HARQ-ACK codebook size.
Since dynamic HARQ-ACK codebook determination is likely to be supported in Rel-13 CA, the number of PRBs of the new PUCCH format should be assigned accordingly. The indication of the number of PRBs can use a similar method in current CA, i.e., eNB uses the TPC field for PUCCH in DCI of SCells to indicate an index configured by RRC message and the index is used to calculate the position of the assigned PRB and OCC. How to indicate the number of PRBs of the new PUCCH format by the ARI-based signaling should be for further study. Alternatively, implicitly deciding the number of PRBs of the new PUCCH format based on the HARQ-ACK codebook size is possible and should also be further studied.
Proposal 4: FFS the ARI-based signaling and the implicit indication for PUCCH resource selection.
3. Conclusions
In this contribution, we discuss possible enhancements to support HARQ-ACK codebook determination in Rel-13 CA. Based on the discussion, we summarize our proposals in the following: 
Proposal 1: Dynamic HARQ-ACK codebook size determination should be supported and which HARQ-ACK codebook determination rule is used is configured by higher layer.
Proposal 2: FFS the new DAI and the HARQ-ACK codebook determination rule. 
Proposal 3: The new PUCCH format should at least support the PUCCH format 3 based format and the PUSCH based format should be FFS to support very large HARQ-ACK codebook size. 
Proposal 4: FFS the ARI-based signaling and the implicit indication for PUCCH resource selection.  
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