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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, we share our views on remaining issues about UCI enhancements for URLLC.
[bookmark: OLE_LINK12]Discussion
Priority of A-SRS
For the issue of A-SRS priority, the following two options were extensively discussed in the previous e-meeting. 
· Option 1: Priority of A-SRS should follow the priority indicator carried in the DCI that triggers the A-SRS.
· Option 2: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
For option 1, the drawback is that A-SRS triggering and the PDSCH or PUSCH scheduled by the DL or UL DCI is coupled. If A-SRS is indicated with high priority due to the high priority scheduling for PDSCH or PUSCH, then gNB would be unable to cancel this A-SRS if gNB changes mind due to another high priority scheduling later. In addition, if a UE has only high priority traffic, then gNB can’t trigger A-SRS with low priority via DL or UL DCI. 
For option 2, A-SRS is treated as low priority. If gNB doesn’t want to cancel the A-SRS transmission, then gNB can choose not to schedule a high priority UL transmission collided with the A-SRS transmission.
Therefore, SRS always treated as low priority is preferred. Then the transmission priority defined in the NR Rel-15 can be followed, that is, P/SP-SRS<CSI PUCCH<A-SRS and S/SP-SRS/A-SRS<HARQ-ACK/SR.
[bookmark: _Ref32244934]Proposal 1: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
PHY priority when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP
Based on the summary in [1], there are some remaining issues on PHY priority determination when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP. Regarding the following agreements, people have different interpretations of the optional UE capability.
	Agreement
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.
· This feature is UE optional


· Interpretation 1: If a UE does not have the capability, all DCI formats cannot be used to indicate HARQ-ACK/PUSCH priority. 
· Interpretation 2: If a UE does not have the capability, DCI format 0_2/1_2 can still be used to indicate HARQ-ACK/PUSCH priority, while DCI format 0_1/1_1 cannot be used to indicate the HARQ-ACK/PUSCH priority.
Based on the above different interpretations, different alternatives were proposed.
· If a UE is capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, the UE is expected to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_1 / 1_1, DCI format 0_2/1_2 or DCI formats 0_1/1_1/0_2/1_2 if the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2.
· [bookmark: _GoBack]If a UE is NOT capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, and the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2:
· Alt-1 (based on Interpretation 1): The UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).
· [bookmark: _Hlk40187356]Alt-2 (based on Interpretation 2): The UE is expected to assume low priority for DCI format 0_1/1_1, and to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_2/1_2. 
According to our understanding, FG11-4 is the pre-condition of FG11-4a. Once a UE supports FG11-4, that means the UE is capable to be dynamically indicated with high/low priority with 1bit if the UE is configured with one DCI format of either DCI 1_1 or DCI 1_2. Then, it is not reasonable to assume neither DCI 1_1 nor DCI 1_2 can dynamically indicate high/low priority when one more DCI format is configured later to be monitored in the same BWP where a DCI format is configured earlier. 
[bookmark: _Ref40192040]Proposal 2: If a UE is NOT capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, the UE is expected to assume low priority for DCI format 0_1/1_1, and to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_2/1_2.
In addition, during the last e-meeting, it was also discussed on the default priority if priority field in DCI is not configured. One alternative proposed is that the default priority for DCI 0_2/1_2 is high. However, it would be problematic if the default priority for DCI 0/2/1_2 is high, since a UE can’t be scheduled with a PDSCH/PUSCH associated with low priority if the UE is only configured to monitor DCI 0_2/1_2. In our view, supporting of DCI 0_2/1_2 and supporting of high/low priority HARQ-ACK codebook or high/low priority PUSCH is decoupled. 
[bookmark: _Ref40192044]Proposal 3: If priority field in a DCI format is not configured, the corresponding transmissions or receptions are of low priority.
Type 1 HARQ-ACK codebook construction for PDSCHs scheduled by DCI format 1_1 and 1_2
As summarized in [2], there is one remaining issue for type 1 HARQ-ACK codebook construction for PDSCHs scheduled by DCI format 1_1 and 1_2. For the scenario that both DCI 1_1 and 1_2 are configured. The following different cases are observed.
· Case 1: neither DCI 1_1 nor DCI 1_2 has priority indicator
· Case 2: only one of DCI 1_1 and DCI 1_2 has priority indicator, e.g. DCI 1_2 has priority indicator
· Case 3: both DCI 1_1 and DCI 1_2 have priority indicator
For case 1, it means HARQ-ACK for the scheduled PDSCHs are low priority. There seems to be no such use case to configure two different non-fallback DCI formats for eMBB service scheduling.
For case 2, for the DCI format without priority indicator, the HARQ-ACK for the scheduled PDSCH is low priority. In other words, for eMBB service, it can be scheduled by DCI 1_1 or DCI 1_2, for URLLC service, it can only be scheduled by DCI 1_2. When the UE constructs type 1 HARQ-ACK codebook with low priority, UE can determine the candidate PDSCH reception occasions according to the k1 and TDRA configured for DCI 1_1. Then the PDSCH scheduled by DCI 1_2 can be in one of these candidate PDSCH reception occasions. 
For case 3, both DCI 1_2 or DCI 1_1 can be used to schedule eMBB or URLLC service. When the UE constructs type 1 HARQ-ACK codebook with low/high priority, similar to case 2, UE can determine the candidate PDSCH reception occasions according to the k1 and TDRA configured for DCI 1_1. Then the PDSCH scheduled by DCI 1_2 should be in one of these candidate PDSCH reception occasions. Thus, there is no need to take the union operation for k1 or TDRA for different DCI formats.
Based on the above analysis, the following proposal is made.
[bookmark: _Ref40192046][bookmark: _Ref32428378]Proposal 4: When a UE is configured with both DCI 1_1 and DCI 1_2, for type 1 HARQ-ACK codebook construction, the UE determines the candidate PDSCH reception occasions according the k1 and TDRA configurations for DCI 1_1. 
The following text proposal is made for TS 38.213 section 9.1.2.1.
	TS 38.213 V16.1.0
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell [image: ], an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of [image: ] occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot [image: ]. If serving cell [image: ] is deactivated, the UE uses as the active DL BWP for determining the set of [image: ] occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values [image: ] associated with the active UL BWP
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell [image: ], [image: ] is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0
b)	If the UE is configured to monitor PDCCH for DCI format 1_1 for serving cell [image: ], [image: ] is provided by dl-DataToUL-ACK for DCI format 1_1
c)	If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 for serving cell [image: ], [image: ] is provided by dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
b)	on a set of row indexes [image: ] of a table, that is provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP and defining respective sets of slot offsets [image: ], start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]
a)	If the HARQ-ACK codebook is associated with a PUCCH of priority index 0, the table is provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config
b) 	If the HARQ-ACK codebook is associated with a PUCCH of priority index 1, 
· If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 for serving cell [image: ], the table is provided by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1A of [6, TS 38.214]
· If the UE is configured to monitor PDCCH for DCI format 1_1, the table is provided by the applicable time domain resource allocation table for DCI format 1_1 according to Table 5.1.2.1.1-1 of [6, TS 38.214] 
c)	on the ratio [image: ] between the downlink SCS configuration [image: ] and the uplink SCS configuration [image: ] provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL BWP, respectively
d)	if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in Clause 11.1 
e)	if CA-slot-offset is provided, on and  for serving cell , or on  and  for the cell of PUCCH transmission, as described in [4, TS 38.211].


  
Type-2 codebook in Rel-16 considering different DAI bit widths in different DCI formats
DAI bit width for DCI 1_1 is fixed as 2 bits, while it is configurable between 1/2-bit for DCI 1_2. It would be problematic if the bit width of DAI in DCI 1_1 and DCI 1_2 are different if HARQ-ACK for PDSCHs scheduled by these different DCI formats are multiplexed in one codebook. To solve this issue, the following proposal is made.
[bookmark: _Ref40192047]Proposal 5: If the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
 Intra-UE collision scenarios for URLLC UCI enhancements
As agreed in the previous meeting, for intra-UE collision handling at the PHY layer, after resolving the overlapping of transmissions of same priority, UE will handle the overlapping of transmissions of different priorities, where UE will cancel the transmission of low priority, and a cancellation timeline was discussed and agreed as following [2].
	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



· At least the high priority transmission has corresponding DCI
Per the agreement, there is a cancellation timeline requirement for the overlapping of channels of different priorities when at least the high priority transmission has corresponding DCI.
For the overlapping of CG-PUSCH and DG-PUSCH, it was captured in URLLC Rel-16 CR for TS 38.214 as following.
	[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,
[bookmark: _Hlk37253742]-	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 subclause 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 subclause 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.]


However, the UE behavior is not clear for the case that the cancellation time of low priority channel is larger than the minimum processing time of the high priority channel. For example, shown in Figure 1, where d1 is larger than d2. Before UE is capable to cancel the on-going low priority PUSCH transmission, the UE is scheduled to transmit the high priority PUSCH. Obviously, this scheduling should be avoided. That is, besides the timeline requirement of Tproc,2 +d2, the following condition should also be satisfied, i.e., the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than Tproc,2 +d1 symbols after the end of the last symbol of the PDCCH.
[image: ]
[bookmark: _Ref32172074]Figure 1 Example for collision of CG-PUSCH and DG-PUSCH
[bookmark: _Ref24055739]Based on the above analysis, it is proposed as following.
[bookmark: _Ref32244939]Proposal 6: When a low-priority CG-PUSCH transmission overlaps with a high-priority PUSCH transmission scheduled by a PDCCH in a slot, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than max(Tproc,2 +d1, Tproc,2 +d2) symbols after the end of the last symbol of the PDCCH.
In addition, for the case of overlapping between PUCCH and PUSCH, PUCCH and PUCCH, the cancellation timeline was missed in URLLC Rel-16 CR. For PUCCH and PUSCH, the transmissions can be on different carriers, then it should be clarified that the calculation of Tproc,2 of cancellation in terms UE processing time capability and SCS.
· No UL transmission has corresponding DCI
For the collision scenarios, such as URLLC SR and P-CSI, URLLC CG PUSCH and P-CSI, neither the high priority transmission nor the low priority transmission has corresponding DCI. Taking the scenario of URLLC SR and CSI as an example. URLLC SR should be prioritized over CSI if SR is positive. One problem is before UE starts to prepare CSI PUCCH transmission, the state of URLLC SR may be still negative, and then a positive SR for URLLC service is delivered from MAC layer during the long CSI PUCCH transmission. To reduce SR transmission latency, it should be allowed to cancel the remaining CSI PUCCH transmission to transmit URLLC SR from the UE side. Thus, for the collision of CSI and URLLC SR, if URLLC SR is positive, URLLC SR is prioritized over CSI. More specifically,
· Before UE starts to prepare CSI PUCCH transmission, 
· If URLLC SR is negative, UE transmits CSI; if URLLC SR is positive, UE drops CSI and transmits SR.
· During UE transmitting CSI PUCCH, if URLLC SR is positive,
· It should be allowed to cancel the remaining CSI PUCCH and transmit positive SR.
Since neither CSI nor SR has corresponding DCI, it is hard to define the cancellation timeline. From the UE side, it can be up to UE implementation and from the gNB side, it can receive CSI or SR with different hypothesis.
· Only the low priority transmission has corresponding DCI
For the scenarios, such as URLLC CG PUSCH and eMBB DG PUSCH, URLLC SR and eMBB HARQ-ACK, etc, only the low priority transmission has corresponding DCI. Taking the collision between URLLC SR and eMBB PUSCH as an example. URLLC SR is prioritized and eMBB PUSCH is dropped. As shown in Figure 2, upon decoding the DCI of eMBB PUSCH, 
· Case 1: URLLC SR is already positive, and UE is aware of the collision between URLLC SR and eMBB PUSCH, then UE won’t start the preparation of eMBB PUSCH transmission. There is no timeline restriction in this case and full eMBB PUSCH transmission is cancelled.
· Case 2: URLLC SR is still negative, and UE starts the preparation of eMBB PUSCH transmission, during the preparation or transmission of eMBB PUSCH transmission, URLLC SR becomes positive. UE will cancel the transmission of eMBB PUSCH transmission if UE has enough time to cancel the low priority channel at least from starting of the overlapping part. In this case, the timeline and cancellation behaviour can be up to UE implementation.
[image: ]
[bookmark: _Ref24121839]Figure 2 Examples of prioritization between URLLC SR and eMBB PUSCH
[bookmark: _Ref37254871]Proposal 7: When a high-priority UL transmission overlaps with a low-priority UL transmission, if the high-priority UL transmission has no corresponding DCI, there is no cancellation timeline requirement.
· It is up to UE to fully or partially cancel the low priority transmission at latest starting at the first symbol of the high priority UL transmission.
Conclusion
In this contribution, we discuss the remaining issues about enhancements to UCI, and the following proposals are made.
Proposal 1: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
Proposal 2: If a UE is NOT capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, the UE is expected to assume low priority for DCI format 0_1/1_1, and to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_2/1_2.
Proposal 3: If priority field in a DCI format is not configured, the corresponding transmissions or receptions are of low priority.
Proposal 4: When a UE is configured with both DCI 1_1 and DCI 1_2, for type 1 HARQ-ACK codebook construction, the UE determines the candidate PDSCH reception occasions according the k1 and TDRA configurations for DCI 1_1.
Proposal 5: If the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
Proposal 6: When a low-priority CG-PUSCH transmission overlaps with a high-priority PUSCH transmission scheduled by a PDCCH in a slot, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than max(Tproc,2 +d1, Tproc,2 +d2) symbols after the end of the last symbol of the PDCCH.
Proposal 7: When a high-priority UL transmission overlaps with a low-priority UL transmission, if the high-priority UL transmission has no corresponding DCI, there is no cancellation timeline requirement.
· It is up to UE to fully or partially cancel the low priority transmission at latest starting at the first symbol of the high priority UL transmission
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