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Introduction
In RAN1#82 meeting, following agreements were reached regarding HARQ-ACK codebook determination [1].
Agreements:
· 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)
· FFS, eNB transmits signaling in DL assignment: 
· FFS: Detailed signaling, e.g., 
· Counter DAI only
· FFS: Whether DAI can be not consecutive
· A Counter DAI and a Total DAI
· Combined DAI carrying either Counter or Total, based on the order of scheduling
· HARQ-ACK codebook indicator to indicate the possible carriers
· Note: Other alternatives are not precluded
· FFS: Additional UL signaling to indicate HARQ ACK codebook size
· FFS: PUCCH format adaptation
In this contribution, we provide our proposal to ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size).
Discussion
As outlined in the email discussion on 3GPP RAN1 email reflector [2], dynamic determination of HARQ-ACK codebook size creates a need to ensure same understanding on the HARQ-ACK order and codebook size between eNB and the UE. In order to fulfill this need, companies have proposed following solutions, which have been described in detail in [3]. 
1. CC-domain DAI
2. HARQ-ACK codebook indicator
3. CRC scrambling to reduce impact of error cases. 
There are mainly two issues associated with CC-domain DAI approach. Firstly, UE cannot be aware of the (E)PDCCH miss-detection for one or more last CCs/subframe and (E)PDCCH false detection of any CCs/subframes. Due to these, the understanding of codebook size between UE and eNB can be different. In order to eliminate this issue, additional amendments are needed for the CC-domain DAI technique, which makes things significantly more complicated.
Secondly, there can be ambiguity on TMs of CCs for which the UE misses (E)PDCCH because UE cannot always know exactly on which CC the miss-detection occurs. 

In HARQ-ACK codebook indicator method, a set of HARQ-ACK codebooks are pre-defined or prc-configured and a ‘HARQ-ACK codebook indicator’ in each DL assignment indicates which codebook to be used. In this method, there is a trade-off between the number of bits allocated for ‘HARQ-ACK codebook indicator’ and the scheduling flexibility (number of different codebooks).

CRC scrambling method aims to reduce the impact of error case by reducing the probability of a passed CRC for an error case. This can be done by defining a set of bit masks and scrambling the CRC with a bit mask which is determined from the HARQ-ACK codebook size or a DAI. This method may also have to limit the codebook to a pre-defined set of codebooks which reduces the decoder flexibility.

In contrast to above solutions, we propose to use a new DCI format, which is called ‘scheduled CC Indicator DCI’, to indicate the exact scheduled CCs in a subframe via a bitmap of length equal to the number of configured CCs. By decoding the bitmap in the new DCI, the UE will have knowledge of number of CCs, the exact CCs, and the order of CCs that have been scheduled in one subframe. The new DCI can be transmitted in multiple CCs (e.g. 2 or 3 or more as needed) to provide reliability. The CCs on which the UE should monitor this new DCI are configurable by the eNB. 
UE can first decode this new DCI to find out the exact scheduled CCs in a given subframe, and attempt to decode (E)PDCCH only on the CCs indicated by the bitmap.
[bookmark: _GoBack]This provides a simple solution to ensure same understanding between eNB and UE regarding HARQ-ACK order, codebook size, as well as resolving the ambiguity of TMs of CCs. Additionally, this can be used to reduce the number of blind decodes for the UE and also minimizes false positive detection probability of DL grants.

Proposal: Use a new DCI format, ‘scheduled CC Indicator DCI’, to indicate the exact scheduled CCs in a subframe. 

Conclusion
In this contribution, we discussed the proposed solutions to ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size) and propose a simple solution as follows.

Proposal: Use a new DCI format, ‘scheduled CC Indicator DCI’, to indicate the exact scheduled CCs in a subframe. 
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