Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 #108-e	Tdoc R1-2200998
e-Meeting, February 21st – March 3rd, 2022

Agenda Item:	7.2.5
Source:	Ericsson
Title:	UE Procedures for UCI Multiplexing and Prioritization
Document for:	Discussion, Decision

1	Introduction
For Rel-16 intra-UE multiplexing/prioritization, extensive discussion has been carried out in RAN1. In this contribution, we discuss the remaining issues related to the procedures for intra-UE multiplexing and prioritization for Rel-16 URLLC.

2	Discussions
[bookmark: _Ref95390124]2.1 Background
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, it is observed that the overlapping resolution procedure is ambiguous and unnecessarily complicated. 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. 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. More information on root-cause analysis of the problem can be found in our contribution submitted in a previous meeting where detailed analysis of the situation is provided [1].
Attempts by companies in resolving the issues resulted in Option 2. However, further discussions in the last meeting led to Option 5 that seems to address the shortcomings of Option2 and provides a good balance between the complexity, scheduling flexibility and performance, as acknowledged by most companies as summarized in [2]:
Option 2 (v2)[2]: The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels.
· Any HP channel with a corresponding DCI that overrides or overlaps with a HP channel that overlaps with a LP channel shall meet the cancellation timeline, namely all DCIs corresponding to these HP channels must arrive Tproc,2+d1 before the earliest symbol of these HP channels.
· All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channel
Option 5 (v1)[2]: The UE makes a determination about cancelling the LP channel at the cancellation deadline. This determination is based on the multiplexing/overriding of the HP channels that are determined up to the cancellation deadline. 
· Multiplexing/overriding of the HP channels are performed based on their associated timelines defined in R15. 
· Each and every dynamically scheduled HP channel as well as the HP channels that are the result of the HP channel multiplexing/overriding and are overlapping with a LP channel should satisfy the cancellation timeline, i.e., the gap between the ending symbol of the HP DCI to the starting symbol of that HP channel should be at least Tproc,2+d1.  
· The UE cancels the LP channel starting from the first symbol that overlaps with the HP channel at the latest, i.e., the current specification wording is kept. 
· Once a LP channel is determined to be cancelled at the cancellation deadline, a UE is not expected to revert its decision.

2.2 Analysis of proposed solutions (Option 2 and Option 5)
In related discussions, the following questions were raised with respect to these options and their impacts on the intra-UE multiplexing/prioritization procedures:
· Question 1: How is the situation handled based on Option 5 and Option 2?
· Question 2: How is the cancellation deadline from specification perspective interpreted?
We discuss a few example cases in Figure 1 to Figure 11 to answer the questions above to better understand the corresponding intra-UE multiplexing/prioritization procedures by answering the above questions. Please note that when analyzing the examples cases in Table 1, we explain the expected behavior from UE and the expectations from gNB before and after any DCI using different time stages to provide our understanding how the cancellation deadline should be interpreted from specification perspective.

[bookmark: _Ref95300424]Table 1: Descriptions of UE and gNB behaviors for examples in Case 0 to Case 2-e
	Example case
	UE/gNB behaviors for Option 2 and Option 5 ([2])

	Case 0 (Figure 1)
	· At UE: If the SR is positive, the UE cancels LP channel and transmits PUCCH0. Otherwise, if the SR is negative, the UE transmits the LP channel and does not transmit PUCCH0.
· At gNB: The gNB does blind detection for the LP channel and PUCCH0 to determine which one is transmitted. 
Note: The above is applicable to both Option 2 and Option 5.

	Case 1-a (Figure 2)
	· If DCI1 is received before the red deadline (T2):
· At UE: The UE cancels the LP channel and transmits PUCCH2.
· At gNB: The gNB expects PUCCH2. The gNB doesn’t except LP channel. 
·  Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 1-b (Figure 3)
	· If DCI1 is received before the red deadline (T0):
· At UE: The UE cancels the LP channel and transmits PUCCH2.
· At gNB: The gNB expects PUCCH2. The gNB doesn’t except LP channel. 
·  Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 1-c (Figure 4)
	· If DCI1 is received before the red deadline (T0):
· At UE: The UE transmits the LP channel and PUCCH2.
· At gNB: The gNB expects PUCCH2 and the LP channel. 
·  Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 1-d (Figure 5)
	· If DCI1 is received before the red deadline (T0):
· At UE: The UE transmits the LP channel and PUCCH2.
· At gNB: The gNB expects PUCCH2 and the LP channel. 
·  Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 2-a (Figure 6)
	· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received before red deadline (T0)
· At UE: The UE cancels the LP channel and transmits PUCCH3.
· At gNB: The gNB expects PUCCH3. The gNB doesn’t except LP channel.
· Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 2-b (Figure 7)
	· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received after red deadline (T0) and before T1
· It is an error case.
· Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 2-c (Figure 8)
	· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received before red deadline (T0)
· At UE: The UE transmits the LP channel and PUCCH3.
· At gNB: The gNB expects PUCCH3 and LP channel.
· Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 2-d (Figure 9)
	· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received after red deadline (T0) and before T1
· It is an error case.
· Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 2-e (Figure 10)
	· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received before red deadline (T0)
· At UE: The UE transmits PUCCH2.
· As in Case 0, if the SR is positive, the UE cancels LP channel and transmits PUCCH0. Otherwise, if the SR is negative, the UE transmits the LP channel and does not transmit PUCCH0.
· At gNB: The gNB expects PUCCH2.
· As in Case 0, the gNB does blind detection for the LP channel and PUCCH0 to determine which one is transmitted. 
· Otherwise, it is an error case.
Note: The above is applicable to both Option 2 and Option 5.

	Case 2-f (Figure 11)
	· If DCI1 is received before the red deadline (T0):
· DCI2(+PDSCH2) is received after red deadline (T0)
· Option 2: 
· It is an error case.
· Option 5: 
· At UE: The UE transmits PUCCH2 and cancels the LP channel. If SR is positive, the UE transmits PUCCH0. Otherwise, the UE does not transmit PUCCH0.
· At gNB: The gNB expects PUCCH2 and doesn’t expect the LP channel. The gNB does blind detection for PUCCH0 to determine whether SR is positive. 
· Otherwise, it is an error case.
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[bookmark: _Ref95294246]Figure 1: Illustration of Case 0 – In this case, the configured HP SR resource (PUCCH0) overlaps with LP channel.
[image: ]
[bookmark: _Ref95294676]Figure 2: Illustration of Case 1-a: In this case, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. In this scenario, the HP PUCCH resource (PUCCH2) that is the result of multiplexing HARQ-ACK and SR starts before the scheduled LP PUCCH while overlapping with the LP channel. 
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[bookmark: _Ref95294682]Figure 3: Illustration of Case 1-b: In this case, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. In this scenario, the HP PUCCH resource (PUCCH2) that is the result of multiplexing HARQ-ACK and SR starts after the scheduled LP PUCCH while overlapping with the LP channel. 
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[bookmark: _Ref95294687]Figure 4: Illustration of Case 1-c: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. In this scenario, the HP PUCCH resource (PUCCH2) that is the result of multiplexing HARQ-ACK and SR starts after the scheduled LP PUCCH while not overlapping with the LP channel. 
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[bookmark: _Ref95294692]Figure 5: Illustration of Case 1-d: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 which is overlapping with PUCCH0 but not with the LP channel. In this scenario, the HP PUCCH resource (PUCCH2) that is the result of multiplexing HARQ-ACK and SR starts after the scheduled LP PUCCH, while not overlapping with the LP channel.
[image: ]
[bookmark: _Ref95294698]Figure 6: Illustration of Case 2-a: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. The HP PUCCH1 is overridden by DCI2 which occurs before the “cancelation deadline” and before “multiplexing deadline” with its corresponding PDSCH (PDSCH2) and schedules PUCCH2 that overlaps with the LP channel. In this scenario, the HP PUCCH resource (PUCCH3) that is the result of multiplexing HARQ-ACK corresponding to PDSCH1 and PDSCH2 as well as SR, overlaps with the LP channel.
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[bookmark: _Ref95294704]Figure 7: Illustration of Case 2-b: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. The HP PUCCH1 is overridden by DCI2 which occurs after the “cancelation deadline” but before “multiplexing deadline” with its corresponding PDSCH (PDSCH2) and schedules PUCCH2 that overlaps with the LP channel. In this scenario, the HP PUCCH resource (PUCCH3) that is the result of multiplexing HARQ-ACK corresponding to PDSCH1 and PDSCH2 as well as SR, overlaps with the LP channel.
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[bookmark: _Ref95294710]Figure 8: Illustration of Case 2-c: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. The HP PUCCH1 is overridden by DCI2 which occurs before the “cancelation deadline” and before “multiplexing deadline” with its corresponding PDSCH (PDSCH2) and schedules PUCCH2 that overlaps with the LP channel. In this scenario, the HP PUCCH resource (PUCCH3) that is the result of multiplexing HARQ-ACK corresponding to PDSCH1 and PDSCH2 as well as SR, does not overlap with the LP channel.
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[bookmark: _Ref95294253]Figure 9: Illustration of Case 2-d: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. The HP PUCCH1 is overridden by DCI2 which occurs after the “cancelation deadline” but before “multiplexing deadline” with its corresponding PDSCH (PDSCH2) and schedules PUCCH2 that overlaps with the LP channel. In this scenario, the HP PUCCH resource (PUCCH3) that is the result of multiplexing HARQ-ACK corresponding to PDSCH1 and PDSCH2 as well as SR, does not overlap with the LP channel.
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[bookmark: _Ref95298799]Figure 10: Illustration of Case 2-e: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. The HP PUCCH1 is overridden by DCI2 which occurs before the “cancelation deadline” with its corresponding PDSCH (PDSCH2) and schedules PUCCH2 that doesn’t not overlap with PUCCH0 and the LP channel.
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[bookmark: _Ref95298805]Figure 11: Illustration of Case 2-f: In this scenario, the configured HP SR resource (PUCCH0) overlaps with LP channel. The HP PUCCH1 is scheduled by DCI1 and is overlapping with PUCCH0 and the LP channel. The HP PUCCH1 is overridden by DCI2 which occurs after the “cancelation deadline” with its corresponding PDSCH (PDSCH2) and schedules PUCCH2 that doesn’t not overlap with PUCCH0 and the LP channel.
2.3 Summary and proposed solutions
It can be observed from the descriptions in Table 1 in previous section that firstly the cancellation deadlines are determined based on detection of relevant DCIs. Secondly, the cancellation deadlines clarify the expected behaviors from the UE as well as the expectations from the gNB. That means that when the UE prepares or cancels a transmission, is up to UE implementation. The important aspect is the alignment between gNB and UE on the expectations. 
 
[bookmark: _Toc95304946][bookmark: _Toc95754733]When scheduling HP PUCCHs/PUSCHs, the cancellation or multiplexing timelines are determined according to the detection of the corresponding DCIs. The determination of these timelines clarifies the expected behaviors from the UE as well as the expectations from the gNB. When the UE prepares or cancels a transmission, is up to UE implementation.

Therefore, we propose to update the formulation of the proposed Option 5 based on the observation above to reflect on the issues raised during the last meeting, we propose to update. In this revision, we also suggest to explicitly include the removal of the intermediate step similarly to Option 2 as described in section 2.1 and update the description of cancellation timeline based on the agreed CR. Hence, we suggest in the update to consider the following:

· 1) include the removal of LP cancellation with HP channels being the intermediate HP channels
· 2) reflect adequately the meaning of the cancellation deadline from the specification point of view
· 3) capture the latest description of the cancellation timeline

Therefore, we propose the following:


[bookmark: _Toc95304947][bookmark: _Toc95387268][bookmark: _Toc95739741]Adopt the following updates in the description as the Option 5:
[bookmark: _Toc95304948][bookmark: _Toc95387269][bookmark: _Toc95739742]The UE makes a determination about cancelling the LP channel at the cancellation deadline. This determination is based on the multiplexing/overriding of the HP channels that are determined up to the cancellation deadline.
[bookmark: _Toc95739743]The overlapping resolution among PUCCH/PUSCH channels are performed first per priority and then between two priorities by prioritizing the HP priority PUCCH/PUSCH channels when applicable. The followings are applied in the overlapping resolution procedures:
[bookmark: _Toc95304949][bookmark: _Toc95387270][bookmark: _Toc95739744][bookmark: _Toc95304950][bookmark: _Toc95387271]Multiplexing/overriding of the HP channels are performed based on their associated timelines defined in R15. Cancellation of a LP channel by a HP channel is performed based on the associated cancellation timeline defined in Rel-16.Each and every dynamically scheduled HP channel by a DCI as well as the HP channels that are the result of the multiplexing/overriding of the HP channel multiplexing/overriding and, if any, that are overlapping with a LP channel should satisfy the corresponding cancellation timelines, i.e., the gap between the ending symbol of the HP DCI to the starting symbol of that HP channel as well as the resultant overridden/multiplexed HP channels, if any, should be at least Tproc,2 +d1 assuming d2,1  =d1
[bookmark: _Toc95304951][bookmark: _Toc95387272][bookmark: _Toc95739745]The UE cancels the LP channel starting from the first symbol that overlaps with the HP channel at the latest, i.e., the current specification wording is kept. 
[bookmark: _Toc95304952][bookmark: _Toc95387273][bookmark: _Toc95739746]Once a LP channel is determined to be cancelled at the cancellation deadline due to a HP channel(s) with corresponding DCI(s) that satisfies the corresponding cancellation timeline(s), a UE is not expected to revert its cancellation decision due to another HP channel corresponding a DCI if the DCI does not satisfy the previously determined cancellation timeline(s) corresponding to previously received DCI(s) scheduling HP channels if any.

We also observe that both Option 2 and Option 5 are suitable candidates to be adopted. One may argue that the additional performance gain by Option 5 is limited and does not justify the additional complexity.
[bookmark: _Toc95754734]Both Option 2 and Option 5 are suitable candidates to be adopted where Option 2 is slightly preferred due to marginal performance gain by Option 5.
Therefore, we suggest adopting any of these options (2 or 5).
[bookmark: _Toc95739747]Adopt either Option 2 (1st preference) or Option 5 (2nd preference).
[bookmark: _Toc95739748]For Option 5, consider the text proposal for Clause 9 of TS 38.213.
	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc74762929]=============Start of Text proposal for Clause 9 of TS 38.213=================
9	UE procedure for reporting control information
< Unchanged parts are 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 before considering limitations for UE transmission as described in clause 11.1 and clause 11.1.1, 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 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 the UE expects that the last symbol of any PDCCH with a DCI format scheduling the PUCCH or PUSCH of larger priority index that would overlap in time with transmission of a smaller priority index PUSCH/PUCCH or PUCCH, respectively, would not be received before  from the earliest symbol of all the PUCCH or PUSCH with larger priority index before or after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6
-	any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations for UE transmission as described in clause 11.1 and clause 11.1.1
-	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 parts are omitted >
=============End of Text proposal for Clause 9 of TS 38.213=================


 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	When scheduling HP PUCCHs/PUSCHs, the cancellation or multiplexing timelines are determined according to the detection of the corresponding DCIs. The determination of these timelines clarifies the expected behaviors from the UE as well as the expectations from the gNB. When the UE prepares or cancels a transmission, is up to UE implementation.
Observation 2	Both Option 2 and Option 5 are suitable candidates to be adopted where Option 2 is slightly preferred due to marginal performance gain by Option 5.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt the following updates in the description as the Option 5:
The UE makes a determination about cancelling the LP channel at the cancellation deadline. This determination is based on the multiplexing/overriding of the HP channels that are determined up to the cancellation deadline.
The overlapping resolution among PUCCH/PUSCH channels are performed first per priority and then between two priorities by prioritizing the HP priority PUCCH/PUSCH channels when applicable. The followings are applied in the overlapping resolution procedures:
Multiplexing/overriding of the HP channels are performed based on their associated timelines defined in R15. Cancellation of a LP channel by a HP channel is performed based on the associated cancellation timeline defined in Rel-16.Each and every dynamically scheduled HP channel by a DCI as well as the HP channels that are the result of the multiplexing/overriding of the HP channel multiplexing/overriding and, if any, that are overlapping with a LP channel should satisfy the corresponding cancellation timelines, i.e., the gap between the ending symbol of the HP DCI to the starting symbol of that HP channel as well as the resultant overridden/multiplexed HP channels, if any, should be at least Tproc,2 +d1 assuming d2,1  =d1
The UE cancels the LP channel starting from the first symbol that overlaps with the HP channel at the latest, i.e., the current specification wording is kept.
Once a LP channel is determined to be cancelled at the cancellation deadline due to a HP channel(s) with corresponding DCI(s) that satisfies the corresponding cancellation timeline(s), a UE is not expected to revert its cancellation decision due to another HP channel corresponding a DCI if the DCI does not satisfy the previously determined cancellation timeline(s) corresponding to previously received DCI(s) scheduling HP channels if any.
Proposal 2	Adopt either Option 2 (1st preference) or Option 5 (2nd preference).
Proposal 3	For Option 5, consider the text proposal for Clause 9 of TS 38.213.
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