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In RAN1#101 e-meeting, some remaining issues about Scheduling and HARQ are discussed. The following agreements are achieved [1]:
Agreement
In case of collision between a high priority channel and low priority channels, adopt one of the following options:
· A UE is expected to cancel the overlapping low priority channel by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority channel is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.

Agreements
If a UE is expected to cancel a scheduled low priority PUCCH/PUSCH due to a first DCI scheduling an overlapping high priority channel, the UE is not expected to transmit the scheduled low priority PUCCH/PUSCH due to a second DCI scheduling PUCCH/PUSCH that is received after the first DCI.
· Note: The collision between HP PUSCH and LP PUSCH is not covered by this agreement.
In this contribution, we share our view on remaining issues about Scheduling/HARQ.
2 Remaining issues on cancelation of low priority UL channels
According to agreement, if UE is expected to cancel a low priority PUCCH/PUSCH overlapped with high priority channel scheduled by a first DCI, UE is not expected to transmit the scheduled low priority PUCCH/PUSCH due to a second later DCI regardless of high priority or low priority DCI. When low priority PUCCH/PUSCH is canceled, it should be clarified whether the intended UCI in the PUCCH/PUSCH can be transmitted in another PUCCH/PUSCH scheduled by second later DCI.
In Rel-15, PUCCH resource can be updated if second PDCCH is received before the N3 symbols from the beginning of a first symbol of the first resource for PUCCH by first PDCCH. In our understanding, it is reasonable to assume UE may not prepare the PUCCH until the N3 symbols from the beginning of a first symbol of the first resource. In the following, some cases are further clarified.   
2.1 [bookmark: _Ref20487892]Multiplexing UCI from the cancelled low priority channel to later uplink channel


Figure 1 case1 PUCCH resource update
For case 1 as shown in figure 1 above, at t1 time instance, UE is aware of the overlapping LP PUCCH1 and HP PUSCH. UE can prepare to cancel the transmission of LP PUCCH1 given the cancellation timeline requirement. However, at this time the LP PUCCH1 has not been prepared because the UCI payload and PUCCH resource can still be updated until time instance t2 which is given by N3 timeline. At t2, UE receives the last LP PDCCH for PUCCH determination which indicates the UE to transmit LP PUCCH 2 for HARQ-ACKs of both LP PDSCH 1 and PDSCH 2. At this time, UE is aware that the final LP PUCCH2 and HP PUSCH would not overlapped and therefore both can be transmitted. This is aligned with current PUCCH resource updating rule. 
For case 1, there is no drop of the intermediate LP PUCCH1 since the LP PUCCH1 has not yet been prepared until N3. Therefore, the corresponding UCI should be transmitted in PUCCH scheduled by the later PDCCH.


Figure 2 case 2 UCI multiplexing on PUSCH
For case 2 as shown in figure 2 above, at t1 time instance, UE is aware of the overlapping between LP PUCCH and HP PUSCH. UE can prepare to cancel the LP PUCCH given the cancellation timeline requirement. Similar as case 1, it is reasonable to assume that at this time the LP PUCCH has not been prepared because the UCI payload and PUCCH resource can still be updated by a later DCI. At t2, UE receives the LP UL grant indicates the UE to multiplex HARQ-ACK of PDSCH 1 into the LP PUSCH and it is not expected to further update the PUCCH after t2. Therefore, at t2, UE can decide to multiplex the LP PUCCH on the LP PUSCH. Therefore, both HP PUSCH and LP PUSCH (including UCI) are expected to be transmitted. This is also aligned with current UCI multiplexing on PUSCH rule.
Therefore, for case 2, UCI carried on LP PUCCH is not dropped and can be transmitted in PUSCH scheduled by later UL grant.
Proposal 1: If an inter-mediate LP PUCCH “collides” with HP UL transmission, the corresponding UCI can still be transmitted in another LP PUCCH or LP PUSCH following the timeline of PUCCH resource update, or UCI multiplexing on PUSCH. 
3 Re-transmission of CBG Based PUSCH with Cancellation
In RAN1#101e-meeting, re-transmission of CBG based PUSCH with cancellation is discussed. Some options are provided as following.

	If a UE is configured with a CBG based PUSCH and the initial transmission of a TB is cancelled, adopt one of the following options:
· Option 1: the UE is not expected to be scheduled for a re-transmission of the TB including the last CBG if each of the other CBGs (except for the last one) have either not been transmitted at least once before or are not scheduled for a re-transmission in the same UL grant as the last CBG.
· Option 1a: The UE is not expected to be scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.
· Option 2: the TB CRC for the retransmission of the same TB is set to all zeros.
· Option 3: It is up to UE implementation to determine which values to use as the TB CRC (which may not be the actual TB CRC) for the retransmission of the same TB.
· Option 4: the minimum processing time for PUSCH scheduled for re-transmission is extended by D symbols.
· Option 5: The UE is not expected to be scheduled with partial TB for the retransmission.




If scheduling restriction at gNB side is applied, it is not clear how does this scheduling restriction work since gNB does not exactly know whether a CBG is transmitted or not by UE.
For example, if a UE is configured with CBG based PUSCH with 4 CBGs, as shown in Fig.3. For initial transmission, PUSCH with low priority carrying all CBGs are scheduled for the UE by gNB. After that, CBG #3 and CBG #4 are to be cancelled due to the overlapping of high priority channel. According to the specified cancellation timeline, UE may start the cancellation at any time before the first symbol of overlapping part, which means CBG#2 may be also cancelled. Besides, CBG #2 do not contain DMRS. In such case, gNB cannot tell whether CBG#2 is not decoded successfully or CBG #2 is not transmitted by UE due to the cancellation. Then to get the last CBG re-transmission e.g. CBG#4, it is ambiguous for the gNB on whether it should firstly schedule the CBG#3 re-transmission or CBG#2 re-transmission.


Figure 3. If UE earlier cancels CBGs, there may be ambiguity for gNB whether the CBGs has been transmitted.
In Rel-15, configured grant PUSCH with CBG configuration can be canceled by SFI. The similar situation also exists. On the other hand, if the UE is not able to calculate correct TB CRC (due to partial retransmission), UE can set whatever value to the TB-CRC, all zero is also allowed, e.g. it is up to UE implementation to determine which values to use as the TB CRC. If gNB fails decoding, it can schedule the re-transmission of CBG or TB level.

Proposal 2: For a UE configured with CBG based PUSCH transmission, when the initial transmission of a TB is cancelled and a re-transmission of the TB including the last CBG is scheduled if each of the other CBGs (except for the last one) have not been transmitted, it is up to UE implementation to determine which values to use as the TB CRC (which may not be the actual TB CRC) for the retransmission of the TB.

4 CR related to processing order between semi-static TDD configuration and intra-UE prioritization/cancellation

In RAN1#101-e, the following agreement was made, however, the spec update did not capture this due to lack of discussion. 

	Agreement 
After the UE determines the overlapping PUCCH or PUSCH for multiplexing/prioritization, the UE cancels the PUCCH or PUSCH that has overlapping with semi-static configured DL symbols or SSB symbols, and then the multiplexing/prioritization is performed among the non-cancelled overlapping transmissions




Based on this agreement, the understanding is that UE will have 3-step processing for to handle the processing order between intra-UE multiplexing/prioritization, and cancellation due to semi-static TDD configuration. 
· Step 1: UE follows Rel-15 behaviours for any intermediate procedure to determine the overlapping PUCCH or PUSCH for multiplexing/prioritization
· Step 2: UE cancels the ones that collides with semi-static DL symbols,
· Step 3: UE performs multiplexing/prioritization among the non-cancelled overlapping channels.

Based on this, we suggest to consider the following text proposal. 

Proposal 3: To consider the following text proposal
	TS 38.213
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…

If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority indexes, the UE cancels the PUCCH or the PUSCH transmission if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. Then the UE resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index as defined in Clause 9.2.5. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE cancels the PUCCH or the PUSCH transmission if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, then the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
…




5 UE processing order between dynamic SFI and intra-UE prioritization/cancellation
Another remaining issue is that the UE processing order between the intra-UE handling (prioritization/cancellation) and the SFI. The same issue applies for UL CI case, in RAN1#100bis-e the following agreement was made, the intention was to say that UE processes intra-UE handling first and then UL CI, if both DCIs are available. However, it seems still different interpretation to the agreement, so it would be good to clarify the UL CI case together with the SFI case. 

	Agreements: (RAN1#100bis-e)
UE behavior of handling intra-UE prioritization/multiplexing for overlapping UL transmissions is not affected by UL CI. 



When the intra-UE multiplexing is triggered by PDCCH, such PDCCH may be detected by the UE earlier or later than the detected UL CI indicating cancellation, as shown in the case 2-1 and case 2-2 in Figure 4. It should be noted that in both cases, the intra-UE multiplexing/prioritization timeline and the UL CI timeline should be satisfied. 
· Case 2-1: In this case, the DCI indicating intra-UE multiplexing arrived the UE earlier, UE should be able to perform intra-UE multiplexing/prioritization first and after which if there is UL CI comes in, UE applies UL cancellation.
· Case 2-2: In this case, the UL CI arrives the UE earlier, there could be two options
· Option 1: UE process the intra-UE multiplexing first. UE hold the UL CI until the latest possible timepoint where UL cancellation can be processed, i.e. Tproc,2’ before the first symbol that UL cancellation applies to. During the period between the UL CI arrival time and the start of UL cancellation processing, if there is additional DCI comes in indicating intra-UE multiplexing and the timeline satisfies, the HARQ-ACK will be multiplexed on the CG-PUSCH, after that the CG-PUSCH will be cancelled as indicated by UL CI, so finally nothing is transmitted by the UE. 
· Option 2: UE process the UL CI first. In this case the CG-PUSCH is cancelled and then the HARQ-ACK on PUCCH will be transmitted. 
Considering the UL CI processing time is Cap#2 based, which is in general much shorter than the intra-UE multiplexing timeline, option 1 would make more sense. 
From UE implementation perspective, it would be beneficial that the UE intra-UE multiplexing/prioritization processing and UL CI processing are performed independently, which means that when UE performing intra-UE multiplexing/prioritization, it does not consider the impact from UL CI, i.e. assuming the scheduled/configured UL channels would be transmitted, then based on the outcome of intra-UE multiplexing/prioritization, UE determines the cancellation based on UL CI. This is also aligned with the intended behaviour of RAN1#100bis-e agreement. 




             
Case 2-1                                                                               Case 2-2
Figure 4
The current spec text already implies such behaviour, as the PUSCH transmission that is subject to cancellation is the outcome after processing from “Clauses 9 and 9.2.5 or in Clause 6.1 of [6, TS 38.214]”, so no additional spec update is required. 
	TS38.213 11.2A
[bookmark: _GoBack]…
A UE that detects a DCI format 2_4 for a serving cell cancels a PUSCH transmission or an actual repetition of a PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetitions, as determined in Clauses 9 and 9.2.5 or in Clause 6.1 of [6, TS 38.214], or an SRS transmission on the serving cell if, respectively,
-	the transmission is PUSCH with priority 0, if the UE is provided applicabilityforCI,
-	a group of symbols, from the  symbols, has at least one bit value of '1' in the corresponding set of  bits in the DCI format 2_4 and includes a symbol of the (repetition of the) PUSCH transmission or of the SRS transmission, and
-	a group of PRBs, from the  PRBs, has a corresponding bit value of '1' in the set of bits corresponding to the group of symbols in the DCI format 2_4 and includes a PRB of the (repetition of the) PUSCH transmission or of the SRS transmission,
where 
-	the cancellation of the (repetition of the) PUSCH transmission includes all symbols from the earliest symbol of the (repetition of the) PUSCH transmission that is in a group of symbols having corresponding bit values of '1' in the DCI format 2_4; 
-	the cancellation of the SRS transmission includes only symbols that are in one or more groups of symbols having corresponding bit values of '1' in the DCI format 2_4.



The similar cases are possible for SFI, as shown in case 3-1 and 3-2 below. It is preferred to have common behaviour for SFI case as for UL CI case, as they are in general very similar in terms of UL cancellation. The spec update, if needed, for the SFI case should be discussed further.  



         
Case 3-1                                                                                   Case 3-1
Figure 5
Proposal 4:
· If there are both SFI and the DCIs indicating intra-UE multiplexing/prioritization detected by the UE, the UE performs the intra-UE multiplexing/prioritization first without considering the impact from SFI, then perform cancellation based on the SFI, if any. 
· The spec update is to be discussed further
· If there are both UL CI and the DCIs indicating intra-UE multiplexing/prioritization detected by the UE, the UE performs the intra-UE multiplexing/prioritization first without considering the impact from UL CI, then perform cancellation based on the UL CI, if any.
· No spec update is needed 

6 Conclusion
In the contribution, we have some investigations on enhancement to scheduling/HARQ, and propose that,
Proposal 1: If an inter-mediate LP PUCCH “collides” with HP UL transmission, the corresponding UCI can still be transmitted in another LP PUCCH or LP PUSCH following the timeline of PUCCH resource update, or UCI multiplexing on PUSCH. 
Proposal 2: For a UE configured with CBG based PUSCH transmission, when the initial transmission of a TB is cancelled and a re-transmission of the TB including the last CBG is scheduled if each of the other CBGs (except for the last one) have not been transmitted, it is up to UE implementation to determine which values to use as the TB CRC (which may not be the actual TB CRC) for the retransmission of the TB.
Proposal 3: To consider the following text proposal
	TS 38.213
9	UE procedure for reporting control information
…

If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority indexes, the UE cancels the PUCCH or the PUSCH transmission if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. Then the UE resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index as defined in Clause 9.2.5. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE cancels the PUCCH or the PUSCH transmission if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, then the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
…



Proposal 4:
· If there are both SFI and the DCIs indicating intra-UE multiplexing/prioritization detected by the UE, the UE performs the intra-UE multiplexing/prioritization first without considering the impact from SFI, then perform cancellation based on the SFI, if any. 
· The spec update is to be discussed further
· If there are both UL CI and the DCIs indicating intra-UE multiplexing/prioritization detected by the UE, the UE performs the intra-UE multiplexing/prioritization first without considering the impact from UL CI, then perform cancellation based on the UL CI, if any.
· No spec update is needed 
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