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1 Introduction
In this contribution, we discuss some remaining issues on UCI enhancements for Rel-16 eURLLC. 
2 Priority Indication via DCI formats 0_1/1_1 and 0_2/1_2 
During RAN1 #99, an optional UE capability was agreed that when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities, respectively. 
Thus, for UEs that may not support the above feature, the DCI formats 0_1/1_1 may only schedule PUSCH or HARQ-ACK transmission with priority index 0, while DCI formats 0_2/1_2 may still schedule PUSCH or HARQ-ACK transmission associated with either priority index 0 or 1. Beyond this restriction, no additional mechanism is necessary.

Proposal 1: A UE, that does not support indication of both priorities by DCI formats 0_1/1_1/0_2/1_2 when these DCI formats are configured for monitoring in a DL BWP, does not expect to receive an UL grant/DL assignment via DCI format 0_1/1_1 indicating the corresponding PUSCH as high priority, or transmission of A/N feedback using higher priority HARQ-ACK CB, respectively.
3 Priority of SRS transmission
In the RAN1 #99 [1] meeting, the following was agreed regarding priority of SRS transmission:  
	Agreements:

· P/SP-SRS and A-SRS triggered by DCI format 2_3 are treated with low priority.

· FFS the priority of A-SRS triggered by other DCI formats – revisit on Friday




Section 6.2.1 of TS 38.214 captures the agreement as follows:

	If a UE is not configured with [intraUEPrioritization] and PUSCH and SRS are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. 

If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).



In our view, A-SRS transmission is of low priority regardless of which DCI provides the trigger. Priority indication of data transmission in an UL or DL scheduling should not apply to A-SRS transmission. The downside of treating A-SRS with high priority is that it may not be cancealable anymore, and thus there is chance of blocking other high priority traffic. The case of indicating priority for A-SRS should not be viewed in a similar manner as priority indication for A-CSI because A-CSI is carried in the PUSCH for which priority is indicated whereas A-SRS is transmitted in a different channel than the HARQ-ACK or PUSCH for which the priority is indicated in the DL and UL scheduling DCI, respectively. Hence, in our view, if a high priority PUSCH or PUCCH transmission overlaps with SRS, UE does not transmit the SRS in overlapping symbols. Similar to Rel15, UE does not expect a PUSCH or a PUCCH of low priority to overlap with SRS in time. Moreover, configuration of intra-UE prioritization does not seem to be relevant when UE can be configured to transmit SRS after the transmission of PUSCH and corresponding DMRS because there is no overlap. Hence, we have the following proposals:

Proposal 2: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
Proposal 3: Capture the below text proposal regarding SRS transmission handling and update section 6.2.1 in TS 38.214.

-------------------------------------------- Text proposal starts for TS 38.214, Section 6.2.1 ----------------------------------------

When PUSCH and SRS are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. 

If a UE reports the capability of intra-UE prioritization and a PUSCH or a PUCCH transmission with a priority index 1 would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
-------------------------------------------- Text proposal ends for TS 38.214, Section 6.2.1 ------------------------------------------

4 Handling resource conflicts of high priority UL transmissions

In RAN1 98 [2], the following was agreed regarding resource conflict involving SR, HARQ-ACK, and PUSCH with priority.
	Agreements:

Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)

· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.

· FFS SR with HARQ-ACK in PF 2, 3, 4

· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met

· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)




In our view, using Rel-15 mechanism is sufficient when URLLC SR collides with URLLC HARQ-ACK and there is not enough motivation to optimize depending on which PF is used. Moreover, handling collision of high priority channels in case by case basis will unnecessarily increase specification work in Rel16 maintenance phase. 
On the other hand, issue of resource conflict involving URLLC HARQ-ACK and URLLC  PUSCH when timeline is not met is still open. According to Section 9.2.5 of TS 38.213, which goes as follows, UE does not expect this to occur. 
	If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol [image: image1.wmf]0

S

 of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
                                                                           ***** omitted text *****
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.


Alternatively, some UE behavior can be specified when timeline conditions are not met. This would provide network more flexibility and realize the potential of the intra-UE prioritization feature in scheduling traffic with tight QoS constraints. For example, if PUSCH is scheduled by a DCI format and PDCCH corresponding to the PUSCH ends before the PDCCH corresponding to the HARQ-ACK and both PUSCH and HARQ-ACK are of high priority, UE prioritizes the HARQ-ACK and drops the PUSCH, and vice versa.
Proposal 4: Capture the below text proposal regarding collision handling of HARQ-ACK and PUSCH of high priority and update section 9.2.5 in TS 38.213.

-------------------------------------------- Text proposal starts for TS 38.213, Section 9.2.5 ----------------------------------------

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol [image: image2.wmf]0

S

 of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
                                                                    ***** omitted text *****
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions , except when PUCCH contains HARQ-ACK information and PUSCH is scheduled by either DCI format 0_1 or 0_2 where both HARQ-ACK information and PUSCH is of priority index 1. If a PUCCH containing HARQ-ACK information and a PUSCH that are in response to DCI format detection overlap, and if timing conditions above are not satisfied, and  both HARQ-ACK information and PUSCH are of priority index 1, where PDCCHs scheduling the PUCCH and PUSCH end in symbols i and j, respectively, a UE determines to transmit 
· PUCCH containing HARQ-ACK information if symbol i is after symbol j and UE does not transmit the PUSCH
· PUSCH if symbol i is before symbol j and UE does not transmit the PUCCH carrying HARQ-ACK information.
-------------------------------------------- Text proposal ends for TS 38.213, Section 9.2.5 ------------------------------------------

5 Handling resource conflicts of high priority PUSCH without UL-SCH and low priority SR transmissions

It was agreed in RAN1 98b [3] that priority of A-CSI is given by the priority indication field in DCI format 0_1 or 0_2 scheduling the PUSCH where "UL-SCH indicator" set to "0" with a non-zero "CSI request". Moreover, in Rel16, UE transmits an UL transmission of high priority and drops the overlapping UL transmission with low priority, according to the following agreement made in  RAN1 98b:

	Agreements:

For handling intra-UE collision in R16, 

· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).

· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.

· FFS details of processing timeline issues, e.g.

· How to handle the case where the timeline condition is not satisfied.

· Necessity of a new timeline.




Hence, if an SR transmission with low priority overlaps with a PUSCH without UL-SCH where PUSCH is of high priority and scheduled by a DCI format 0_1 or 0_2 with non-zero “CSI request”, the UE would transmit the PUSCH without UL-SCH and UE does not transmit the SR. According to Section 9 of TS 38.213, UE always transmits positive SR if its resource collides with the resource of PUSCH without UL-SCH. See as follows:
	If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the PUSCH.


We have the following text proposal to capture the UE behavior when low priority SR overlaps with high priority PUSCH carrying A-CSI without UL-SCH.
Proposal 5: Capture the below text proposal regarding collision handling of A-CSI in a PUSCH of high priority and SR information and update section 9 in TS 38.213.

-------------------------------------------- Text proposal starts for TS 38.213, Section 9 ----------------------------------------

If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the PUSCH, except when the PUSCH is of larger priority index and scheduled by a DCI format 0_1 or 0_2 with non-zero “CSI request”. If a PUSCH scheduled by a DCI format 0_1 or 0_2 with "UL-SCH indicator" set to "0" ,  a non-zero "CSI request", and priority indicator field set to “1” and the PUSCH overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the SR information.
-------------------------------------------- Text proposal ends for TS 38.213, Section 9 ----------------------------------------

6 Cancelation time for intra-UE prioritization
In RAN1 99 [1], following agreements were made regarding cancelation time for dropping a low priority UL transmission and preparation time of high priority UL transmission after receiving the PDCCH of high priority UL transmission.

	Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 

· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where

· Tproc,2 is correponding to UE processing time capability for the carrier. 

· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission




The above does not address the possibility wherein the UL transmission with larger priority index may start before the earliest point in time when the UL transmission with smaller priority index may be canceled. Certainly, such a case should be avoided, and the following is proposed.
Proposal 6: When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot,
· The UE does not expect to be scheduled with a high-priority UL transmission that starts before the earliest symbol in which the low-priority UL transmission may be canceled.
In this regard, and as a specific case of intra-UE prioritization, regarding the resource conflict of a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH, the following is captured in Section 6.1 of TS 38.214
	If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,

-
If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator] field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.

-
Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit the PUSCH scheduled by the PDCCH, where
-
M = Tproc,2 +d1, where Tproc,2 is given by clause 6.4 for the corresponding PUSCH timing capability assuming d2,1 = 0 and d1 is determined by the reported UE capability [XXXXX],
-
In this case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than N symbols after the end of the last symbol of the PDCCH, where
-
N = Tproc,2 + d2, where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH using the associated PUSCH timing capability according to clause 6.4 and d2 is determined by the reported UE capability [YYYYY].
-
In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.
-
The UE is not expected to be scheduled for another PUSCH by a PDCCH where this PUSCH starts no earlier than the end of the prioritized transmitted PUSCH and before the end of the time domain allocation of the cancelled PUSCH.
· 


The specification does not capture the scenario if there can be any symbol(s) of the PUSCH  corresponding to the configured grant within M symbols after the last symbol of PDCCH carrying the DCI scheduling the PUSCH that may overlap with any symbol of the PUSCH scheduled by the DCI. In our view, specification should capture that the UE does not expect this case to occur. Hence, we add the following text proposal.

Proposal 7: Capture the below text proposal regarding collision handling of DG and CG PUSCH and update section 6.1 in TS 38.214.
-------------------------------------------- Text proposal starts for TS 38.214, Section 6.1 ----------------------------------------

If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,

-
If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator] field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.


Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit the PUSCH scheduled by the PDCCH, where

-
M = Tproc,2 +d1, where Tproc,2 is given by clause 6.4 for the corresponding PUSCH timing capability assuming d2,1 = 0 and d1 is determined by the reported UE capability [XXXXX],
-
In this case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than max (M, N) symbols after the end of the last symbol of the PDCCH, where
-
N = Tproc,2 + d2, where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH using the associated PUSCH timing capability according to clause 6.4 and d2 is determined by the reported UE capability [YYYYY].
-
In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.
-
The UE is not expected to be scheduled for another PUSCH by a PDCCH where this PUSCH starts no earlier than the end of the prioritized transmitted PUSCH and before the end of the time domain allocation of the cancelled PUSCH.]
-------------------------------------------- Text proposal ends for TS 38.214, Section 6. 1----------------------------------------

Note: Such considerations on time-lines are missing for other intra-UE prioritization cases, e.g., involving PUCCH carrying HARQ-ACK and PUSCH, etc. Further discussions in RAN1 are expected to decide on where and how these cases, involving at least one UL transmission other than PUSCH, are to be captured.
7 Conclusion 
In this contribution, we presented our views on the open issues regarding intra-UE prioritization in Rel-16 and provided text proposals for capturing into the specifications. 
Proposal 1: A UE, that does not support indication of both priorities by DCI formats 0_1/1_1/0_2/1_2 when these DCI formats are configured for monitoring in a DL BWP, does not expect to receive an UL grant/DL assignment via DCI format 0_1/1_1 indicating the corresponding PUSCH as high priority, or transmission of A/N feedback using higher priority HARQ-ACK CB, respectively.
Proposal 2: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
Proposal 3: Capture the below text proposal regarding SRS transmission handling and update section 6.2.1 in TS 38.214.

------------------------------------- Text proposal starts for TS 38.214, Section 6.2.1 ----------------------------------------

When PUSCH and SRS are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. 

If a UE reports the capability of intra-UE prioritization and a PUSCH or a PUCCH transmission with a priority index 1 would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
------------------------------------- Text proposal ends for TS 38.214, Section 6.2.1 ------------------------------------------

Proposal 4: Capture the below text proposal regarding collision handling of HARQ-ACK and PUSCH of high priority and update section 9.2.5 in TS 38.213.

------------------------------------ Text proposal starts for TS 38.213, Section 9.2.5 ----------------------------------------

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol [image: image3.wmf]0
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 of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
                                                                    ***** omitted text *****

A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions , except when PUCCH contains HARQ-ACK information and PUSCH is scheduled by either DCI format 0_1 or 0_2 where both HARQ-ACK information and PUSCH is of priority index 1. If a PUCCH containing HARQ-ACK information and a PUSCH that are in response to DCI format detection overlap, and if timing conditions above are not satisfied, and  both HARQ-ACK information and PUSCH are of priority index 1, where PDCCHs scheduling the PUCCH and PUSCH end in symbols i and j, respectively, a UE determines to transmit 
· PUCCH containing HARQ-ACK information if symbol i is after symbol j and UE does not transmit the PUSCH
· PUSCH if symbol i is before symbol j and UE does not transmit the PUCCH carrying HARQ-ACK information.
----------------------------------- Text proposal ends for TS 38.213, Section 9.2.5 ------------------------------------------

Proposal 5: Capture the below text proposal regarding collision handling of A-CSI in a PUSCH of high priority and SR information and update section 9 in TS 38.213.

--------------------------------------- Text proposal starts for TS 38.213, Section 9 ----------------------------------------

If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the PUSCH, except when the PUSCH is of larger priority index and scheduled by a DCI format 0_1 or 0_2 with non-zero “CSI request”. If a PUSCH scheduled by a DCI format 0_1 or 0_2 with "UL-SCH indicator" set to "0" ,  a non-zero "CSI request", and priority indicator field set to “1” and the PUSCH overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the SR information.
------------------------------------- Text proposal ends for TS 38.213, Section 9 ----------------------------------------

Proposal 6: When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot,
· The UE does not expect to be scheduled with a high-priority UL transmission that starts before the earliest symbol in which the low-priority UL transmission may be canceled.
Proposal 7: Capture the below text proposal regarding collision handling of DG and CG PUSCH and update section 6.1 in TS 38.214.
--------------------------------------- Text proposal starts for TS 38.214, Section 6.1 ----------------------------------------

If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,

-
If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator] field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.


Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit the PUSCH scheduled by the PDCCH, where

-
M = Tproc,2 +d1, where Tproc,2 is given by clause 6.4 for the corresponding PUSCH timing capability assuming d2,1 = 0 and d1 is determined by the reported UE capability [XXXXX],
-
In this case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than max (M, N) symbols after the end of the last symbol of the PDCCH, where
-
N = Tproc,2 + d2, where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH using the associated PUSCH timing capability according to clause 6.4 and d2 is determined by the reported UE capability [YYYYY].
-
In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.
-
The UE is not expected to be scheduled for another PUSCH by a PDCCH where this PUSCH starts no earlier than the end of the prioritized transmitted PUSCH and before the end of the time domain allocation of the cancelled PUSCH.]
----------------------------------------- Text proposal ends for TS 38.214, Section 6. 1----------------------------------------
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