[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 #97										R1-1906389
Reno, USA, 13th – 17th May 2019

[bookmark: Source]Agenda item:	7.2.2.2.3
Source:	NEC
Title:              	HARQ enhancement for NR-U
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Introduction
In previous RAN1 meeting [1], the following agreement were reached:
Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion

And some topics are also under discussion in [2]. In this contribution, we discuss the enhancement of configured grants in NRU. 
2 Discussion on HARQ enhancement for NR-U
2.1 Dynamic HARQ codebook 
For dynamic HARQ codebook generation, one of the most important issue is to align the comprehension of bit width of the codebook when PDCCH may be miss detected from UE side. Hence, C-DAI/T-DAI is introduced in NR to solve this issue. When the number of continuous miss detected PDCCHs are less than the cycled width of C-DAI, it can be found by UE and NACK is generated accordingly on the corresponding position. However, if the last PDCCH in a PDCCH set for PUCCH HARQ-ACK feedback timing at the same time/slot is lost, C-DAI cannot solve it. In CA, T-DAI is helpful as the probability of all PDCCHs miss detected in all carriers is small. However, for single carrier operation, T-DAI doesn’t exist. Implementation method by gNB can be adopted to solve this issue to allocate different PDSCH scheduled by PDCCH with different PUCCH resources. Blind detection at gNB side can be used to distinguish whether last PDCCH is miss detected or not.
However, PUCCH in NR-U may not transmit due to failure of LBT and if the previous HARQ-ACK bits can be re-transmitted in the next occasions, comprehension of bit width alignment is very important. PDCCH miss detection at UE side, PUCCH miss transmission at UE side due to LBT and PUCCH miss detection (ACK/NACK to DTX and DTX to ACK/NACK) at gNB side should be considered. Especially PUCCH miss detection at gNB side, it is not a big issue in NR as it is only a one shot miss detection resulting unnecessary HARQ retransmission (ACK to NACK/DTX) or performance reduced ARQ transmission (DTX/NACK to ACK). However, this miss detection may be correlated to the comprehension of PUCCH bit width for the following transmission in NR-U and cause more severe influence. 
C-DAI is accumulated within one PDSCH group has beneficial when the last PDCCH transmission of PUCCH occasion 1 is miss detected and PUCCH occasion 1 is also miss transmitted due to LBT. When HARQ-ACK bits in PUCCH occasion 1 is retransmitted in PUCCH occasion 2, the right bit width will be found due to the discontinuous accumulated C-DAI. 
However, this accumulated C-DAI will also cause issue when accumulated C-DAI is discontinuous at the end of PUCCH occasion 1 meanwhile PUCCH occasion 1 is transmitted. UE cannot distinguish this discontinuous C-DAI is caused by the miss detected of the last PDCCH of PUCCH occasion 1 or miss detected of the first PDCCH of PUCCH occasion 2. Hence, UE cannot decide actual bit width for PUCCH occasion 2. Two options can be used here.
Option 1: UE behaviour should be clarified, e.g. for discontinuous C-DAI at the end of PUCCH occasion 1, miss detection of PDCCH at the start of PUCCH occasion 2 is assumed by UE.
Option 2: Both traditional C-DAI and accumulated C-DAI are support in DCI.
Proposal 1: For accumulated C-DAI, either UE behavior should be clarified or both traditional and accumulated C-DAI are supported in DCI.
	HARQ-ACK feedback processing in NR-U is something like PUCCH retransmission generally speaking. For PUSCH retransmission, three elements in DCI is used for deciding the retransmission encoding, i.e. NDI, HARQ processing ID and RV. Similarly, we also need three elements in DCI for PUCCH retransmission that error spreading free encoding can be insured logically, i.e. NFI, PUCCH group processing ID and C-DAI. NFI is similar to NDI, and the function of NFI is to inform UE the right or miss detection of previous PUCCH transmission indicated by the PUCCH group processing ID. C-DAI is similar to RV, and the function of C-DAI is to help UE know the bit width for PUCCH encoding that gNB expects. PUCCH group processing ID is similar to HARQ processing ID, and the presence of PUCCH group processing ID depends on max number of PUCCH group processing. If the max number of PUCCH group processing is 1, then it isn’t needed. The max number of PUCCH group processing is defined as the max number of PUCCH group transmissions between a PUCCH group and the corresponding NFI expected by UE. A PDCCH transmission immediately after the transmission of PUCCH may not have time to decide the NFI bits due to processing time line, and the codebook determination of that PDSCH may be wrong without PUCCH group processing ID in this case.
Proposal 2: For dynamic HARQ codebook, option 2 is proposed and meanwhile PUCCH group processing ID should also be introduced.
3 Summary
In this contribution, we have the following proposals:
Proposal 1: For accumulated C-DAI, either UE behavior should be clarified or both traditional and accumulated C-DAI are supported in DCI.
Proposal 2: For dynamic HARQ codebook, option 2 is proposed and meanwhile PUCCH group processing ID should also be introduced.
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