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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In the Ran1 #91 meetings, the following agreement and WA were made for UCI piggyback PUSCH [1]:
Agreements:
· [bookmark: OLE_LINK13]For fallback DCI in common search space, the presence (if present) of DAI is not configurable
· FFS discussion whether DAI should be present or not and if present, the number of DAI bits
Working assumption:
· [bookmark: OLE_LINK7]2 bits UL DAI is not included in fallback DCI in common search space for UL grant. 
In this document, we discuss the issues on dynamic codebook over PUSCH and DAI in fallback DCI.
2. Discussion
UL fallback DCI without UL DAI
[bookmark: OLE_LINK9]The working assumption is reasonable for fallback DCI, since it look for low bit overhead. Further, we should make sure same understanding for UE and gNB side.  Blind detection should not increase. 
In NR, the dynamic codebook can be transmitted via the PUSCH. For example, If HARQ-ACKs corresponding to multiple TBs from one carrier or multiple carriers are transmitted through the PUSCH, then the DL DCI for each TB contains at least a counter DAI. Then, the UL grant for the PUSCH includes a total DAI. Overall, the UE can determine the size of the dynamic codebook according to counter DAI and total DAI. 
According to the current WA, the UL fallback DCI does not contain the UL DAI in the common search space. We need to consider how to perform dynamic codebook determined in case the PUSCH is have to be scheduled through the UL fallback DCI.
[bookmark: OLE_LINK26]In the current TS38.213, if the UL grant does not include the total DAI, the UE can determine HARQ-ACK dynamic codebook follow the way that UE transmits HARQ-ACK dynamic codebook using PUCCH. There are still problems with this solution. The reliability of total DAI only depends on the scheduling in the last slot. especially when there is only one carrier.
Several possible ways to improve dynamic codebook through PUSCH if UL fallback DCI does not contain UL DAI.
[bookmark: OLE_LINK21][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK6]Alt1: If a UE multiplexes HARQ-ACK in a PUSCH transmission, UE is not expected that the PUSCH is scheduled by fallback DCI.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Alt2: If a UE multiplexes HARQ-ACK in a PUSCH transmission, UE is not expected that the PUSCH is scheduled by fallback DCI in common search space. It is further supported by 2 bits UL DAI is included in fallback DCI in UE-specific search space for UL grant. Thus the PUSCH can be scheduled by fallback DCI to have more flexible options in scheduling.
[bookmark: OLE_LINK12][bookmark: OLE_LINK14]Alt3: If a UE multiplexes HARQ-ACK for multiple TBs in a PUSCH transmission, UE is expected none of the multiple TBs in PDSCH during the code-book determination period is scheduled by fallback DCI. Otherwise, the PUSCH cannot be scheduled by the uplink fallback DCI with UL DAI.
[bookmark: OLE_LINK15]Alt4: If a UE multiplexes HARQ-ACK for multiple TBs in a PUSCH transmission, UE is expected to be scheduled by fallback DCI without UL DAI and generates HARQ-ACK codebook according to the semi-static codebook. That make dynamic HARQ-ACK codebooks to be switched to static HARQ-ACK codebooks by UL fallback DCI.
[bookmark: OLE_LINK16]In Alt1~3, the UL fallback DCI without UL DAI is restricted to use for the PUSCH from different perspectives so that the UL DAI can be transmitted to ensure that a dynamic codebook is generated. Alt1 ~ 3 is relatively simple. If one of them is recognized, the corresponding restrictions should be clearly defined in the UE procedure. Among them, Alt1 has minimum change. For alt 2, the fallback DCI for PUSCH have to assume 2 sizes depending on the search space type.
[bookmark: OLE_LINK27][bookmark: OLE_LINK19]In TS38.213, it is described that if the PUSCH is scheduled by the fallback DCI, the UE generates the HARQ-ACK codebook in the same manner as when the UE transmits HARQ-ACK using PUCCH. However, there are still some issues in accordance with the DL DAI to form a dynamic codebook. For example, the reliability of DAI total will depend on the PDSCH scheduling in the last slot. Although it was agreed "No additional reliability enhancements" from the CA at Ran1 # 91 meeting, the problem will be worse in case of only one carrier. Once the DAI total in PDSCH is lost by the UE, the dynamic codebook size will be not usable.
Therefore, Alt4 is proposed to avoid the above problems. Alt4 need more changes than others. But it can be consider to address both problems.
In summary, we prefer Alt1 and Alt4 for multiplexed HARQ-ACKs transmission over PUSCH. We think Alt1 should be acceptable. Alt4 can be considered for single carrier. In addition, reliability issues is also need to be considered for dynamic codebook transmission over PUCCH, especially when the number of carriers is small.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Proposal 1: Working assumption is confirmed: 2 bits UL DAI is not included in fallback DCI in common search space for UL grant.
Proposal 2: Alt1 is used. That is, if a UE multiplexes HARQ-ACK in a PUSCH transmission, UE is not expected that the PUSCH is scheduled by fallback DCI without UL DAI.

3. Conclusion
[bookmark: _GoBack]According to the usage requirements of fallback DCI, it should maintain a constant small bit overhead. When the dynamic codebook is configured as the UE and the multiplexed HARQ-ACK is transmitted through the PUSCH, the PUSCH cannot be scheduled by the fallback DCI.
Based on the analysis given above, we have the following proposal:
Proposal 1: Working assumption is confirmed: 2 bits UL DAI is not included in fallback DCI in common search space for UL grant.
Proposal 2: Alt1 is used. That is, if a UE multiplexes HARQ-ACK in a PUSCH transmission, UE is not expected that the PUSCH is scheduled by fallback DCI without UL DAI.
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