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1	Introduction
In this contribution, we summarize our inputs to Rel-16 URLLC/IIoT maintenance discussions on intra-UE prioritization/cancellation enhancements as well as inter-UE multiplexing enhancements. 
In Section 2, we discuss the remaining issue on the order of cancellation/multiplexing when the UL channels are overlapping with semi-static DL symbols/SSB including a draft CR to 38.213 (as a follow-up to the email discussion [103-e-NR-L1enh-URLLC-04]). In Section 3, we discuss the impact to UE power scaling & PHR calculation due to UL CI in UL CA and/or UL skipping (as a follow-up to the email discussion [103-e-NR-L1enh-URLLC-06]).
[bookmark: _Toc415085486][bookmark: _Toc503902285][bookmark: _Hlk52523437]2 Discussion on overlapping between UL channels and semi-static DL symbols/SSB symbols for intra-UE prioritization
The overlapping scenarios between UL channels and the semi-static DL symbols/SSB symbols have been extensively discussed in RAN1#103-e without final agreement other than the conclusion to continue discussion in RAN1#104-e as shown below:
Conclusion:
· On the issue of cancellation due to collision with semi-static DL symbols and SSB, re-open the topic in RAN1#104-e but only discuss it during the second phase if there is a clear, workable, proposal available. Otherwise, conclude during the first phase that RAN1 could not reach a consensus and that the UE behavior remains the same as in Rel. 15.
The discussion has been based on the agreement from RAN1#101-e:
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.
There are different understandings of this agreement and related UE behaviors. In RAN1#102-e meeting, the following three steps have been taken as the starting point for discussion:
· [bookmark: _Hlk52523479]Step 1: A UE follows Rel-15 behaviors 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.
However, as clearly indicated in [R1-2009770] and the extensive email discussions during at least the most recent two RAN1 e-meetings, different companies have different understanding how these 3 steps should be implemented and what should be the UE behaviors within these steps, for example whether the overriding procedure of PUCCH resource for HARQ-ACK should be included in Step 1 or not. And hence, it is of critical importance to clarify these steps and the order of cancellation/multiplexing in the overlapping scenarios between semi-static configured DL symbols or SSB symbols and intra-UE multiplexing/prioritization. 
Based on the FL summary [R1-2009770] and the discussions over email especially the proposal from Apple, we proposed the following steps (different order comparing to Apple’s proposal) to describe the intended UE behavior:
Proposal 1: Agree the following operational steps on intra-UE multiplexing/prioritization when the overlapping between UL channels and semi-static configured DL symbols/SSB symbols:
· Step 1 (Same as Step 1 proposed by Apple): For LP channels, final PUCCH resource for HARQ-ACK is determined based on the overriding procedure (i.e. identifying overlapping channels and no multiplexing).
· Step 2 (Same as Step 2 proposed by Apple): Each individual LP PUCCH/PUSCH (before any multiplexing) that collides with semi-static DL symbols and/or SSB symbols is cancelled.
· Step 3 (Same as Step 3 proposed by Apple): Multiplexing LP overlapping PUCCH/PUSCH, if any.
· Step 4 (Same as Step 6 proposed by Apple): For HP channels, final PUCCH resource for HARQ-ACK is determined based on the overriding procedure (i.e. identifying overlapping channels and no multiplexing) - Same handling as for LP channels in Step 1.
· Step 5 (Same as Step 4 proposed by Apple): For HP, each individual HP PUCCH/PUSCH (before any multiplexing) that collides with semi-static DL symbols and SSB symbols is cancelled. - Same handling as for LP channels in Step 2.
· Step 6 (Same as Step 5 proposed by Apple): If there is collision between HP and LP PUCCHs/PUSCHs, the overlapped LP PUCCH/PUSCHs are cancelled.
· Step 7 (Same as Step 7 proposed by Apple): Multiplexing HP overlapping PUCCH/PUSCH, if any.
· Step 8 (Same as Step 9 proposed by Apple): If there is collision between high and/or low priority PUCCH/PUSCHs and semi-static DL symbols/SSB symbols, it/they will be dropped.
· Step 9 (Same as Step 8 proposed by Apple): If there is collision between HP and LP PUCCHs/PUSCHs, LP channels are cancelled.
The following assumptions are taken in the proposed steps above:
· Determining the final PUCCH resource for HARQ-ACK as described in Section 9.2.3 in 38.213 is implemented before handling the colliding with the semi-static DL symbols/SSBs. The same procedure applies to both LP and HP PUCCH resources carrying HARQ-ACK.
· Final cancellation due to colliding with semi-static DL symbols/SSBs is implemented before the final prioritization between HP and LP channels. This is a very simple step to avoid unnecessary cancellation of LP channel in case the final HP channel after intra-UE multiplexing is still overlapping with semi-static DL symbols/SSB.
The related draft CR to TS 38.213 based on these steps can be found below. 
Proposal 2: Endorse the following draft CR to TS 38.213 Sec. 9 on intra-UE multiplexing/prioritization when the overlapping between UL channels and semi-static configured DL symbols/SSB symbols according to the steps of Proposal 1 (changes as green text to be shown as track changes in the final CR): 
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9	UE procedure for reporting control information
<omitted text>
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, including repetitions if any, after determining the valid transmission resource for PUCCH and/or PUSCH transmissions of smaller priority index as described in Clause 11.1 and Clause 11.1.1, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller priority index as described in Clauses 9.2.5 and 9.2.6. Then, 
-	the UE determines the valid transmission resource for PUCCH and/or PUSCH transmissions as described in Clause 11.1 and Clause 11.1.1 for PUCCH and/or PUSCH transmissions of larger priority index
-    if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
where 
-	the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in Clauses 9.2.5 and 9.2.6. 
-	the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before  after a last symbol of the corresponding PDCCH reception
-	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
If a UE is scheduled by a DCI format in a first PDCCH reception to transmit a first PUCCH or a first PUSCH of larger priority index that overlaps with a second PUCCH or a second PUSCH transmission of smaller priority index that, if any, is scheduled by a DCI format in a second PDCCH
-	 is based on a value of  corresponding to the smallest SCS configuration of the first PDCCH, the second PDCCHs, the first PUCCH or the first PUSCH, and the second PUCCHs or the second PUSCHs 
-	if the overlapping group includes the first PUCCH
-	if processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell where the UE receives the first PDCCH and for all serving cells where the UE receives the PDSCHs corresponding to the second PUCCHs, and if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for the serving cells with the second PUSCHs, is 5 for , 5.5 for  and 11 for  
-	else, is 10 for =0, 12 for , 23 for , and 36 for ;
-	if the overlapping group includes the first PUSCH 
-	if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for the serving cells with the first PUSCH and the second PUSCHs and if processingType2Enabled of PDSCH-ServingCellConfig is set to enable for all serving cells where the UE receives the PDSCHs corresponding to the second PUCCHs, is 5 for , 5.5 for  and 11 for 
-	else, is 10 for =0, 12 for , 23 for , and 36 for ;
If a UE would transmit the following channels, including repetitions if any, that would overlap in time after determining the valid transmission resource following the procedure as described in Clause 11.1 and Clause 11.1.1,
-	a first PUCCH of larger priority index with SR and a second PUCCH or PUSCH of smaller priority index, or 
-	a configured grant PUSCH of larger priority index and a PUCCH of smaller priority index, or
-	a first PUCCH of larger priority index with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH and a second PUCCH of smaller priority index with SR and/or CSI, or a configured grant PUSCH with smaller priority index, or a PUSCH of smaller priority index with SP-CSI report(s) without a corresponding PDCCH, or
 -	a PUSCH of larger priority index with SP-CSI reports(s) without a corresponding PDCCH and a PUCCH of smaller priority index with SR, or CSI, or HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH, or
-	a configured grant PUSCH of larger priority index and a configured PUSCH of lower priority index on a same serving cell
the UE is expected to cancel a repetition of the PUCCH/PUSCH transmissions of smaller priority index before the first symbol overlapping with the PUCCH/PUSCH transmission of larger priority index if the repetition of the PUCCH/PUSCH transmissions of smaller priority index overlaps in time with the PUCCH/PUSCH transmissions of larger priority index.
<omitted text>

3 Impact to UE power scaling & PHR calculation due to UL CI in UL CA and/or UL skipping

The issue of power scaling and PHR calculation has been now discussed for two meetings in a row (102-e and 103-e) without any related conclusion. We still think at least some conclusions would be needed here. For easier readability, this document is structured the same way as FL summary for this issue in R1-2009462, namely:
· Issue 1: Impact to PHR calculation due to UL CI in UL CA and/or UL skipping
· Issue 1-1: Impact to PHR calculation due to UL CI in UL CA
· Issue 1-2: Impact to PHR calculation due to UL skipping in UL CA
· Issue 2:  Impact to UE power scaling due to UL CI in UL CA and/or UL skipping
· Issue 2-1: Impact to UE power scaling due to UL CI in UL CA
· Issue 2-2: Impact to UE power scaling due to UL skipping in UL CA

Issue 1-1: Impact to PHR calculation due to UL CI in UL CA
There had been good discussions during RAN1#103-e, and thanks to the moderator as visible in the FL summary in R1-2009462 it should be clear that the existing 38.213 describes the behavior in terms of timeline for DG PUSCH and CG PUSCH already (i.e. no specification change is needed in terms of timeline). 
There had been still the following comments there: 
· CATT: if for DG PUSCH, the ‘…downlink control information the UE received until and including the PDCCH monitoring occasion..’ includes the reception of DCI format 2_4 or if this should be explicitly spelled out in the specification. 
Nokia position: We think this should be clear enough already.  
· QC / Apple: There should be harmonization of the timeline between DG and CG grant (both should be using Tproc,2). We agree with the FL that this would change the current specifications / overall understanding of PHR calculation timeline for DG PUSCH. 
Nokia position: We therefore think, the current specific should be kept (and are clear)
· Apple / FL: If in the “otherwise’ case, the calculation of the PHR is up to UE implementation or if the UE should otherwise assume the actual PHR for such ‘otherwise’ CG / DG PUSCH case. 
Nokia position: Based on the explanation by the FL, we do agree with the FL assessment, that it should be clear that the UE otherwise would include the PUSCH in the PHR calculation (i.e. does not consider the impact of UL CI for PHR calculation)

So, in principle this should be clear from the specification already, but to close this issue once and for all we suggest agreeing the following RAN1 conclusion (which is the latest proposal from FL here): 
Proposal Issue 1-1: Agree the following RAN1 conclusion
	In case of UL CA
· If UL CI is received no later than the end of PDCCH carrying UL grant scheduling an PUSCH carrying PHR, the impact of the UL CI is considered for the PHR calculation.
· If the UL CI is received no later than Tproc,2 before the first symbol of the CG-PUSCH carrying PHR, the impact of the UL CI is considered for the PHR calculation.
· Otherwise, the UE does not consider the impact of the UL CI for the PHR calculation.

Issue 1-2: Impact to PHR calculation due to UL skipping in UL CA
There had been discussions based on an earlier RAN2 agreement from RAN2#103bis (10/2018), that a skipped PUSCH should nevertheless be considered / included in the PHR calculation. 
· Most companies think this should be the behavior based on the earlier RAN2 agreement, whereas some companies think this should be re-discussed (specifically as UL skipping in Rel-15 is anyhow now functional as identified lately, clarifications lately). 
· Moreover, there had been comments as this is not visible in the specifications at all, this should be clarified in the specification to clarify this (in contrast to issue 1-1, which is described in the specification already).
[bookmark: _GoBack]
We see the following 4 alternatives on how to handle this: 
· Alt. 1: We continue to follow the RAN2 conclusion, allowing the UE to skip a PUSCH (i.e. do not deliver a MAC PDU) last minute (or better micro-second) without a need to recalculate the PHR (as is visible from the QC comment in RAN2 at that time) but lead to the fact imperfect PHR report based on the actual transmission situation.
· Alt. 2: We clearly define a UE behavior, but this would require some timeline to be defined. In contrast to the discussions on Issue 1-1 there is no clear UL skipping timeline defined for the UE in contrast to any PHY signaling changing the PHY behavior (such as UL CI signaling). But it is unclear to us how such timeline would be defined (as this is clearly UE internal processing). Moreover, having a (rather-loose) timeline defined will reduce the option of having last minute UL skipping by the UE and thereby lead to unnecessary PUSCH transmissions resulting in UL interference and unnecessary UE power consumption. Therefore, we think this to be not appropriate. 
· Alt. 3: The UE will need to guarantee (by implementation) that the potential UL skipping is correctly captured in the PHR reporting. Similar as for Alt. 2, this may lead to the case that for PHR which cannot be re-calculated in time, the UE would need to unnecessarily transmit the PUSCH (similar as for Alt. 2). Therefore, we also think that Alt. 3 should not be adopted. 
· Alt. 4: We leave the PHR handling in case of UL skipping up to UE implementation. Meaning, if a PUSCH is transmitted (i.e. non-skipped) then of course it needs to be included in the PHR. But in  case of UL skipping (i.e. no MAC PDU delivered), it is up to UE implementation if the PUSCH is included in the PHR or not. Therefore, this will allow last minute UL skipping (as Alt. 1) and further will allow if there is sufficient time for the UE to have an updated PHR report based on UL skipping that this can be considered. 
We are in principle fine with keeping the RAN2 conclusion, but anyhow propose to focus further discussion the two viable alternatives of Alt 1 & 4, as Alt.2 and 3 will reduce the intended effect of PUSCH UL skipping. 
Proposal Issue 1-2: RAN1 to capture in the specification the PHR calculation due to UL skipping in UL CA based on either option: 
· Option 1 (preferred, align with RAN2 conclusion): UE shall assume the skipped PUSCH to be present when calculating the PHR.
· Option 2: Up to UE implementation if to assume the skipped PUSCH to be present when calculating the PHR or not.

Issue 2-1: Impact to UE power scaling due to UL CI in UL CA
The power scaling is defined as a symbol-by-symbol operation, as given by the current specification. There seems to be still the point open, if there is any additional conclusion needed or not. 
Although we supported during the proposed FL conclusions (Option 2, i.e. up to UE implementation), we have some sympathy for the related comments by Samsung, namely if it is defined as symbol-by-symbol basis then actually it is defined already and not really up to UE implementation. 
Observation Issue 2-1: The current specification defining symbol-per-symbol power scaling is already applicable to the case of UL CI. The need for further clarification seems slightly unclear (without changing the specifications). 

Issue 2-2: Impact to UE power scaling due to UL skipping in UL CA
The following options where discussed during RAN1#103-e: 
· Option 1:  UE assumes the PUSCH to be present for power scaling even if the PUSCH is skipped. 
· Option 2: UE does not allocate power to skipped PUSCH.
· Option 3: The UE power allocation for skipped PUSCH is up to UE implementation. 
As the PUSCH is not transmitted (i.e. not existing for transmission at PHY) there is no power allocated to the skipped PUSCH based on the current specifications (as nicely summarized by Ericsson in their comment in the FL summary). 
Therefore, if a clarification is needed (to close this issue once & for all), then a clarification according to Option 2 could be agreed, as Option 1 & Option 3 would change the current specification (and the overall understanding of the NR power scaling framework). 
Proposal Issue 2-2: Agree the following RAN1 conclusion
UE does not allocate power to skipped PUSCH (i.e. assumes skipped PUSCH to be not present for power scaling).


4 Conclusion
In this document, the remaining open issues on Rel-16 intra-UE multiplexing / prioritization enhancements and inter-UE prioritization enhancements as a follow-up to the RAN1#103-e email discussions of and are discussed. 
On the overlapping between UL channels and semi-static DL symbols/SSB symbols for Intra-UE prioritization a draft CR is presented in Sec. 2 with the following proposals to be noted: 
· Proposal 1: Agree the following operational steps on intra-UE multiplexing/prioritization when the overlapping between UL channels and semi-static configured DL symbols/SSB symbols:
· Step 1 (Same as Step 1 proposed by Apple): For LP channels, final PUCCH resource for HARQ-ACK is determined based on the overriding procedure (i.e. identifying overlapping channels and no multiplexing).
· Step 2 (Same as Step 2 proposed by Apple): Each individual LP PUCCH/PUSCH (before any multiplexing) that collides with semi-static DL symbols and/or SSB symbols is cancelled.
· Step 3 (Same as Step 3 proposed by Apple): Multiplexing LP overlapping PUCCH/PUSCH, if any.
· Step 4 (Same as Step 6 proposed by Apple): For HP channels, final PUCCH resource for HARQ-ACK is determined based on the overriding procedure (i.e. identifying overlapping channels and no multiplexing) - Same handling as for LP channels in Step 1.
· Step 5 (Same as Step 4 proposed by Apple): For HP, each individual HP PUCCH/PUSCH (before any multiplexing) that collides with semi-static DL symbols and SSB symbols is cancelled. - Same handling as for LP channels in Step 2.
· Step 6 (Same as Step 5 proposed by Apple): If there is collision between HP and LP PUCCHs/PUSCHs, the overlapped LP PUCCH/PUSCHs are cancelled.
· Step 7 (Same as Step 7 proposed by Apple): Multiplexing HP overlapping PUCCH/PUSCH, if any.
· Step 8 (Same as Step 9 proposed by Apple): If there is collision between high and/or low priority PUCCH/PUSCHs and semi-static DL symbols/SSB symbols, it/they will be dropped.
· Step 9 (Same as Step 8 proposed by Apple): If there is collision between HP and LP PUCCHs/PUSCHs, LP channels are cancelled.

· Proposal 2: Endorse the following draft CR to TS 38.213 Sec. 9 on intra-UE multiplexing/prioritization when the overlapping between UL channels and semi-static configured DL symbols/SSB symbols according to the steps of Proposal 1 as laid out in Sec. 2. 

Related to the 4 identified issues on power scaling and PHR calculation for UL CA with UL CI and UL skipping, the following related proposals and observations are made: 
· Proposal Issue 1-1: Agree the following RAN1 conclusion
	In case of UL CA
· If UL CI is received no later than the end of PDCCH carrying UL grant scheduling an PUSCH carrying PHR, the impact of the UL CI is considered for the PHR calculation.
· If the UL CI is received no later than Tproc,2 before the first symbol of the CG-PUSCH carrying PHR, the impact of the UL CI is considered for the PHR calculation.
· Otherwise, the UE does not consider the impact of the UL CI for the PHR calculation.

· Proposal Issue 1-2: RAN1 to capture in the specification the PHR calculation due to UL skipping in UL CA based on either option: 
· Option 1 (preferred, align with RAN2 conclusion): UE shall assume the skipped PUSCH to be present when calculating the PHR.
· Option 2: Up to UE implementation if to assume the skipped PUSCH to be present when calculating the PHR or not.

· Observation Issue 2-1: The current specification defining symbol-per-symbol power scaling is already applicable to the case of UL CI. The need for further clarification seems slightly unclear (without changing the specifications). 

· Proposal Issue 2-2: Agree the following RAN1 conclusion
UE does not allocate power to skipped PUSCH (i.e. assumes skipped PUSCH to be not present for power scaling).
