[bookmark: _Hlk40200844]
3GPP TSG-RAN WG1 Meeting #105-e	Tdoc R1-2104216
e-Meeting, May 10th – 27th, 2021

Agenda Item:	7.2.5
Source:	Ericsson
Title:	Maintenance of Scheduling and HARQ for Rel-16 NR URLLC
Document for:	Discussion, Decision
1	Introduction
In this contribution, we describe an existing problem in intra-UE multiplexing/prioritization procedures and provide analysis and suggestions to address the underlying issue.
[bookmark: _Ref178064866]2	Discussion
2.1	Description of the problem
The overlapping resolution procedure between HP and LP channels has been discussed during last few meetings and resulted in the following working assumption that is captured in the current specifications.
Working assumption (RAN1#102-e)
1. Multiplexing/overriding/etc. is performed similar to Rel.15 as if HP channels do not exist; this means that LP operations, multiplexing/overriding/etc., are performed before cancellation.
1. A UE cancels the transmission of a LP channel including any intermediate scheduled LP transmission that does not overlap with any LP channel, if any DCI schedules an overlapping HP transmission with the LP channel, before performing multiplexing/overriding HP channels if any.
1. Multiplexing/overriding of HP channels is performed as if LP channels do not exist.
1. A final HP channel is prioritized if it overlaps with a final LP channel, after performing multiplexing of HP channels
 
However, we have observed that for a given set of configured/scheduled LP/HP overlapping channels, companies’ view on the output of the overlapping resolution procedure above, varies. The issue was raised by few companies including OPPO, Apple and Ericsson in the last meeting. Moreover, during the efforts for the root-cause analysis of the problem, these companies shared the observation that the current procedures unnecessarily complicate UE implementation.
As a community responsible to deliver specifications to industry, it is crucial to ensure that there is no ambiguity in understanding the procedure specified in the specification. Lack of common understanding would have severe impact on the industry when deployments based on Rel-16 specification are about to take off.  Also, we must ensure that the procedure does not constitute elements that cause unnecessarily operations by UE or gNB to ensure power efficient and sustainable operation across industry in a future compatible manner.
In our view, step-2 in the working assumption is the source that causes issues. In the following, we try to explain WHY and HOW it can be resolved.

2.2	Root-cause analysis of the problem
We start with basic operation in Rel-15 where a PUCCH carrying HARQ-ACK of scheduled PDSCHs overlaps with a PUSCH.  
Consider the example shown in Figure 1 where HARQ-ACK is multiplexed in a PUSCH. If all the timelines are respected by gNB for the expected actions indicated by DCI1 to DCI5, it is expected that the UE multiplexes the HARQ-ACK corresponding to PDSCH1 to PDSCH4 in PUSCH5. If any of the timelines are not met, it is considered an error case. It is important to observe the following from the example:
· It is up to UE implementation when to perform overriding, multiplexing and generation of PUSCH multiplexed with all the HARQ-ACKs. 
· During overriding procedure, PUCCH3 does not overlap with PUSCH5. A later DCI causes PUCCH4 to overlap with PUSCH5. When the UE performs overriding and multiplexing, it would be an implementation issue. If the gNB has respected the corresponding timelines, the gNB is allowed to transmit DCI4 followed by DCI5 and to expect HARQ-ACK to be multiplexed in PUSCH5 as outcome. 
· Hence, the internal procedures at UE is not visible to specification. From the spec point of view, the outcome of overriding is multiplexed with PUSCH.
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[bookmark: _Ref71651755]Figure 1: Example of overlapping LP PUCCH/PUSCH resources with corresponding timeline requirements

Consider another example shown in Figure 2 when HARQ-ACK and CSI are multiplexed in a PUCCH. As long as all the timelines are respected by gNB for the expected actions indicated by DCI1 to DCI4, it is expected that the UE multiplexes the HARQ-ACK corresponding to PDSCH1 to PDSCH4 together with CSI in PUCCH5 in a (possibly new) PUCCH6.  If any of the timelines are not met, it is considered an error case. It is important to observe the following from the example:
· It is up to UE implementation when to perform overriding, multiplexing and generation of PUCCH multiplexed with all the HARQ-ACKs and CSI. 
· If the UE multiplexes PUCCH1 and PUCCH5 in a new PUCCH, and then multiplexes PUCCH2 and PUCCH5 instead due to DCI2, etc., it would be an implementation issue. As long as the gNB has respected the corresponding timelines, the gNB is allowed to transmit DCI4 and to expect PUCCH6 as outcome. 
· Hence, the internal procedures at UE is not visible to specification. From the spec point of view, the outcome of overriding is multiplexed with CSI in PUCCH.
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[bookmark: _Ref71651767]Figure 2: Example of overlapping LP PUCCH resources with corresponding timeline requirements

It is observed from the analysis of the examples above that the timeline requirements provide resource allocation flexibility for the gNB such that the flexibility would be manageable by UE in the sense that the UE would be given enough time to cope with the actions that the gNB may intend to initiate. Moreover, not only UE would have enough time to carry out the proper operations, but also the UE would have the implementation flexibility while ensuring to provide the expected outcome.
[bookmark: _Toc71663666]In Rel-15 overlapping resolution procedures, it is up to UE implementation when overriding, multiplexing and PUCCH/PUSCH generation are performed. 
[bookmark: _Toc71663667]Timeline requirements provide resource allocation flexibility for the gNB such that the flexibility would be manageable by UE.
[bookmark: _Toc71663668]Timeline requirements provide the UE implementation flexibility while ensuring to provide the expected outcome.
Next, we try to analyze the current procedures in Rel-16 based on the Working Assumption. 
Step 2 in the Working assumption (copied below), requires that the cancellation should be performed “before performing multiplexing/overriding HP channels”. 
2. A UE cancels the transmission of a LP channel including any intermediate scheduled LP transmission that does not overlap with any LP channel, if any DCI schedules an overlapping HP transmission with the LP channel, before performing multiplexing/overriding HP channels if any.

For execution of Step 2 in the WA, the UE must determine if the detected DCI is the last DCI to ensure that the cancellation operation is occurring “before” overriding or multiplexing. As we discussed in previous examples when such determination occurs is purely an internal UE implementation.  Consequently, the realization of Step 2 of WA leads to assume that every detected DCI is the last DCI that should be examined for potential cancellation, follow-up with overriding/multiplexing, etc. However, the gNB if satisfies the corresponding timeline, can transmit another DCI.  When this DCI is detected by the UE, the UE must update the assumption of the last DCI with the new received DCI and examine for potential cancellation, follow-up with overriding/multiplexing, etc.  Therefore, the procedure would result in different outcomes depending on when cancellation is performed. 
At the time the Working assumption was made, it was not well understood that the requirement in Step 2 of WA to perform cancellation “before” overriding/multiplexing, is in contradiction with the principle of operation based on fulfilling timeline requirements that limits the implementation flexibility and results in unexpected outcomes.

[bookmark: _Toc71663669]The requirement in Step 2 of WA to perform cancellation “before” overriding/multiplexing, is in contradiction with the principle of operation based on fulfilling timeline requirements that limits the implementation flexibility and results in unexpected outcomes.

Another issue with the requirement in Step 2 of WA is that it can lead the UE to perform unnecessary cancellation operation without clear motivation. Consider example in Figure 3. The HP DCI1, DCI2 and DCI3 results in overriding HP PUCCHs that all overlap with LP PUSCH5. As shown in the example, are the timeline requirements are met, hence the UE cancels LP PUSCH5. However, with arrival of DCI4, the overriding PUCCH, i.e. PUCCH4 does not overlap with LP PUSCH. It is not clear in this case, why LP PUSCH should be canceled where the final transmission is PUCCH4. 
[bookmark: _Toc71663670]The requirement in Step 2 of WA to perform cancellation “before” overriding/multiplexing, can lead the UE to perform unnecessary cancellation operations without clear motivation.
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[bookmark: _Ref71666738]Figure 3: Example of overlapping HP and LP PUCCH/PUSCH resources with corresponding timeline requirements
2.3	Solutions for the problem 
Based on the analysis in the previous section, the Step 2 in WA is not only the root of problems, but also is imposing unnecessarily operations to UE. The gNB is interested on the final channels that are transmitted. If an intermediate HP is going to be multiplexed with another HP, and any LP transmission overlapping by the eventual HP transmission, needs to be canceled, it is not clear why there is a need for intermediate cancellation. Therefore, as suggested in the discussion during the previous meeting, we suggest removing Step 2 from the procedures. 
However, we observed in the previous examples that even if the corresponding timelines are fulfilled, the procedure (irrespective of Step 2) allows gNB to cancel a transmission by a DCI and then override the cancellation. We suggest disallowing such behaviors and consider overridden cancellation by a DCI as error cases. With this condition, the UE implementation flexibility is ensured while expected outcome is secured.
· Does the proposed error case impact the URLLC performance? 
· The error case we propose, does not impacts URLLC performance. The error case states that if a first DCI results in a cancellation of a LP in a slot/sub-slot, “the cancelation” should not be overridden by a later DCI coming afterwards. Please note that the whole procedure is occurring in a slot/sub-slot due to transmission of a HP in that slot/sub-slot. For URLLC performance, what is important is the final HP transmission, that is the one that actually occurs and, in this context, would be based on “a later DCI”.
· Does the proposed error case provide scheduling restriction?
· The gNB is aware of the resources in that slot/sub-slot and therefore, before transmitting the “first DCI” for HP is going to be transmitted, the gNB is also aware of the possibility of sending “the later DCI” to avoid cancellation. Therefore, the gNB can already plan based on “later DCI” and avoid a transmission causing cancellation based on “first DCI”. 

Therefore, we propose the following:
[bookmark: _Toc71663791]Confirm the WA by removing Step 2 and adding the following error case: 
· [bookmark: _Toc71663792]It is not expected that a later DCI in a PDCCH reception overrides cancellation of a repetition of a PUCCH/PUSCH transmissions of smaller priority index due to overlapping with a PUCCH/PUSCH transmission of larger priority index scheduled by an earlier DCI format in a PDCCH reception
[bookmark: _Toc71663793]Adopt TP1 for Clause 9 in 38.213.
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============== START of Text Proposal 1 for TS38.213 ==========================
9	UE procedure for reporting control information
***Unchanged text is omitted***
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller a same priority index as described in Clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by corresponding to 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 corresponding to 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 is not expected a later DCI in a PDCCH reception overrides cancellation of a repetition of a PUCCH/PUSCH transmissions of smaller priority index due to overlapping with a PUCCH/PUSCH transmission of larger priority index scheduled by an earlier DCI format in a PDCCH reception
-	any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations for UE transmission as described in Clause 11.1
-	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
***Unchanged text is omitted***
============== END of Text Proposal1 for TS38.213 ==========================



3	Conclusion
In the previous sections we made the following observations: 
Observation 1	In Rel-15 overlapping resolution procedures, it is up to UE implementation when overriding, multiplexing and PUCCH/PUSCH generation are performed.
Observation 2	Timeline requirements provide resource allocation flexibility for the gNB such that the flexibility would be manageable by UE.
Observation 3	Timeline requirements provide the UE implementation flexibility while ensuring to provide the expected outcome.
Observation 4	The requirement in Step 2 of WA to perform cancellation “before” overriding/multiplexing, is in contradiction with the principle of operation based on fulfilling timeline requirements that limits the implementation flexibility and results in unexpected outcomes.
Observation 5	The requirement in Step 2 of WA to perform cancellation “before” overriding/multiplexing, can lead the UE to perform unnecessary cancellation operations without clear motivation.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm the WA by removing Step 2 and adding the following error case:
	It is not expected that a later DCI in a PDCCH reception overrides cancellation of a repetition of a PUCCH/PUSCH transmissions of smaller priority index due to overlapping with a PUCCH/PUSCH transmission of larger priority index scheduled by an earlier DCI format in a PDCCH reception
Proposal 2	Adopt TP1 for Clause 9 in 38.213.
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1) Overriding and multiplexing
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If all above timelines are met, UCI on PUCCH4 is multilexed on PUSCH5 and PUSCH5 is transmitted.

Otherwise, it is an errors case (no expectation from UE to transmist any of the uplink channels).
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2) Overriding and multiplexing
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If all above timelines are met, HARQ-ACK on PUCCH4 and CSI in PUCCH5 are multilexed in the new PUCCH6 that is transmitted.

Otherwise, it is an errors case (no expectation from UE to transmist any of the uplink channels).
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3) Overriding, multiplexing and cancellation
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