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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #99 meeting, the following working assumptions and agreements were made regarding UCI enhancements for URLLC [1].
Working assumption:
When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS 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. 
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0

Working assumption:
· For handling the overlapped SR with high PHY priority and PUSCH with high PHY priority, no new mechanism in Rel-16 from RAN1 perspective. 
· Can be revisited especially if there is update from RAN2
Agreements:
No PHY priority is defined for PRACH for intra-UE collision handling within a carrier.
· It is per UE implementation for handling the collision.

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

Agreement:
· The priority of a PUCCH-BFR resource is indicated the same way as a SR resource
Conclusion
· Activation DCI complementing or overwriting the RRC configured priority of Type2 CG PUSCH is not supported in Rel-16
· Reuse R15 CG-UCI-OnPUSCH for both Type 1 and Type 2 CG PUSCH.
Conclusion
Activation DCI complementing or overwriting the RRC configured priority of SPS PDSCH is not supported in Rel-16

Agreement
To resolve collision between UL transmissions, a UE performs the following: 
· Step 1: Resolve collision between UL transmissions with same priority. 
· Step 2: Resolve collision between UL transmissions with different priorities.
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

Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols

In this contribution, we share our views on remaining issues about UCI enhancements for URLLC.
[bookmark: OLE_LINK12]Discussion
Some issues on PUCCH resource configuration
In the previous meetings, sub-slot based HARQ-ACK feedback was agreed. it was captured in URLLC Rel-16 CR for TS 38.213 as following:
	9	UE procedure for reporting control information
…
[bookmark: _Hlk32165417][bookmark: _Hlk32169468][bookmark: _Hlk32169236]In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or the PUSCH. In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH.


However, there are some issues needed to be discussed or clarified if the terminology of slot is simply replaced by sub-slot (a number of symbols indicated by subslotLength-ForPUCCH) in the remaining of Clause 9.
1) PUCCH resource for SR/CSI
In NR Rel-15, PUCCH resources are configured in slot level and the starting symbol of a PUCCH resource is defined with respect to the first symbol of slot. When a SR/CSI is configured with periodicity of slots, a UE determines the slots of SR/CSI PUCCH transmission occasion by its periodicity and then determines the PUCCH transmission occasion within a slot by the starting symbol of corresponding PUCCH resource.
However, if sub-slot is configured, that is, a UE is provided subslotLength-ForPUCCH, a PUCCH resource is configured in sub-slot level and the starting symbol of a PUCCH is defined with respect to the first symbol of sub-slot. One issue is that after determining the slot of SR/CSI PUCCH transmission occasion, it is not clear how to determine the exact position of the PUCCH resource within a slot. Different interpretations are observed as followings.
Interpretation 1: sub-slot PUCCH configuration is only applicable for HARQ-ACK feedback. For SR/CSI PUCCH, still only slot level PUCCH resource configuration is supported. That means, if UE is configured with subslotLength-ForPUCCH, for a PUCCH resource carrying HARQ-ACK, the starting symbol of the PUCCH resource is relative to the starting of sub-slot; For a PUCCH resource carrying SR/CSI, the starting symbol of the PUCCH resource is relative to the starting of slot. 
This interpretation seems somewhat consistent with our previous agreements (listed in the appendix), since these were for sub-slot HARQ-ACK feedback procedure and have never been explicitly clarified that sub-slot PUCCH is also for SR and CSI. However, it may complex the process of UCI multiplexing when SR/CSI PUCCH resource is across sub-slot boundary. What’s more, it is possible that one SR/CSI PUCCH overlaps with more than one HARQ-ACK PUCCH, which will need our more efforts to handle. Otherwise, it’s better to make sure that SR and CSI PUCCH resource is not across a sub-slot boundary by gNB’s configuration.
Interpretation 2: SR/CSI PUCCH resources are configured in sub-slot level if a UE is configured with a sub-slot. That is, sub-slot configuration is applicable to all PUCCH resources regardless UCI types. 
For interpretation 2, it is needed to discuss how determine the sub-slot of SR/CSI PUCCH transmission occasion within a slot. One simple way is to be defined as the first/last sub-slot. Another way is to introduce a new RRC parameter to configure a sub-slot within a slot.
In addition, a SR can be configured with periodicity of 2/7symbols, and the following is captured in subclause 9.2.4 of TS 38.213 V15.8.0.
	[bookmark: _Toc12021479][bookmark: _Toc20311591]9.2.4	UE procedure for reporting SR
A UE is configured by SchedulingRequestResourceConfig a set of configurations for SR in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can be configured, by schedulingRequestPriority in SchedulingRequestResourceConfig, a priority index 0 or a priority index 1 for the SR. 






The UE is configured a PUCCH resource by SchedulingRequestResourceId providing a PUCCH format 0 resource or a PUCCH format 1 resource as described in Subclause 9.2.1. The UE is also configured a periodicity  in symbols or slots and an offset  in slots by periodicityAndOffset for a PUCCH transmission conveying SR. If  is larger than one slot, the UE determines a SR transmission occasion in a PUCCH to be in a slot with number  [4, TS 38.211] in a frame with number  if .


If  is one slot, the UE expects that  and every slot is a SR transmission occasion in a PUCCH. 




If  is smaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a symbol with index  [4, TS 38.211] if  where  is the value of startingSymbolIndex.
If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the PUCCH transmission in a slot is smaller than the value provided by nrofSymbols, the UE does not transmit the PUCCH in the slot. 





Here, it is saying that if is larger than one slot, or is one slot, or is smaller than one slot. So, it is not clear the terminology of slot points to 14 symbols or a number of symbols indicated by subslotLength-ForPUCCH.
2) UE procedure for CSI multiplexing
In NR Rel-15, during UE procedure for UCI multiplexing, a UE will handle CSI PUCCHs firstly, relevant descriptions in TS 38.213 V15.8.0 are quoted as following. If the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE selects at most two CSI PUCCHs in a slot; if UE is configured with multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE will multiplex all CSI reports in one PUCCH resource configured by multi-CSI-PUCCH-ResourceList. Then it should be clarified that if subslotLength-ForPUCCH is provided, whether this procedure will be done in a sub-slot level. If the answer is yes, that means, a UE can transmit two CSI PUCCHs within a sub-slot at most and more than two PUCCHs within a slot.
	[bookmark: _Toc12021480][bookmark: _Toc20311592]9.2.5	UE procedure for reporting multiple UCI types
This Subclause is applicable to the case that a UE has overlapping resources for PUCCH transmissions or for PUCCH and PUSCH transmissions and each PUCCH transmission is over a single slot without repetitions. Any case that a PUCCH transmission is with repetitions over multiple slots is described in Subclause 9.2.6. If a UE is configured with multiple PUCCH resources in a slot to transmit CSI reports
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214]
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 
-	if the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2. 



3) PUCCH repetition
In NR Rel-15, only slot level long PUCCH repetition is supported, which is captured in subclause 9.2.6 of TS 38.213. That is, PUCCH transmission is repeated in different slots in NR Rel-15. If the terminology of slot is replaced by sub-slot in Clause 9, that means PUCCH repetition is supported in sub-slot level. However, this issue has never been discussed during the WI and clarification is needed at least, though we don’t find any technical issue for PUCCH repetition in sub-slot level. Thus, it is suggested to make clarifications for this issue and discussions in UE feature session if needed.
[bookmark: _Ref32244916]Proposal 1: It is needed to make clarifications for the following aspects if a UE is provided subslotLength-ForPUCCH
· PUCCH resource for SR and CSI
· UE procedure for CSI multiplexing
· PUCCH repetition
Priority of A-SRS
To resolve collision between UL transmissions, 2-level PHY layer priority are defined for some UL transmissions, such as HARQ-ACK, SR, CSI, PUSCH etc. For SRS transmission, it was agreed during the last meeting that P/SP-SRS and A-SRS triggered by DCI format 2_3 are treated with low priority. But it still is an open issue for the priority of A-SRS triggered by other DCI formats such as UL and DL scheduling DCI. The argument is that for A-CSI triggering, the A-CSI reports is carried on PUSCH together with UL-SCH; For A-SRS triggering, the PDSCH or PUSCH scheduled by the DL or UL DCI is decoupled with SRS transmission. At this time stage, one simple way is that SRS is always treated as low priority. 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 2: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
Intra-UE collision scenarios for URLLC UCI enhancements
As agreed in the last 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. However, some remaining issues need to be clarified or discussed.
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,
-	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 +d1, 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 3: When a high-priority CG-PUSCH transmission overlaps with a low-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 Tproc,2 +d1 symbols after the end of the last symbol of the PDCCH.
· The minimum processing time of the high priority PUSCH is extended by max {d1, d2} symbols.
In addition, for the case of overlapping between PUCCH and PUSCH, 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 Tproc,2 of cancellation is corresponding to UE processing time capability for the carrier, where the carrier is the carrier for the low priority transmission.
Priority of HARQ-ACK codebook
[bookmark: _GoBack]In the previous meetings, many agreements were achieved to supported two HARQ-ACK codebooks intended for different service types. The followings are captured in URLLC Rel-16 CR for TS 38.213.
	[bookmark: _Toc12021467][bookmark: _Toc20311579]9.1	HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index either 0 or 1 and a second HARQ-ACK codebook is associated with a PUCCH of priority index either 1 or 0, respectively
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by { PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively


The issue is that when a UE is indicated to generate two HARQ-ACK codebooks, how to determine the PUCCH of priority index associated with each HARQ-ACK codebook since either the first and the second HARQ-ACK codebook can be associated a PUCCH of priority index either 0 or 1 in the above description. One simple way is that when a UE is indicated to generate two HARQ-ACK codebooks, the first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and the second HARQ-ACK codebook is associated with a PUCCH of priority index 1, and vice versa.
[bookmark: _Ref32428378]Proposal 4: When a UE is indicated to generated two HARQ-ACK codebooks, which PUCCH of priority index is associated with each HARQ-ACK codebook should be defined.
PUCCH resource determination when PRI is less than 3 bits
In the PDCCH enhancement session, it was agreed that for DCI format 1_2, PRI field can be configured as 0-3 bits, one open  issue is how to determine the PUCCH resource when PRI is 0 bit. 
· Option 1: defined as the first PUCCH resource configured in the set
· Option 2: using a first CCE index to determine the PUCCH resource
Since the current PUCCH resource determination formula for the first resource set is as following.


We can find that when there is no ,  is a function of . Moreover, option 2 is better than option 1 from PUCCH resource allocation flexibility perspective. Thus, option 2 is preferred.
In addition, when PRI field is 1/2 bits, it should also be discussed whether to use a first CCE index to determine a PUCCH resource when there are more than 2/4 PUCCH resources in a PUCCH resource set.
[bookmark: _Ref32244942] Proposal 5: When PRI field is configured as 0 bit for DCI format 1_2, a first CCE index is used to determine a PUCCH resource.
Conclusion
In this contribution, we discuss the remaining issues about enhancements to UCI, and the following proposals are made.
Proposal 1: It is needed to make clarifications for the following aspects if a UE is provided subslotLength-ForPUCCH
· PUCCH resource for SR and CSI
· UE procedure for CSI multiplexing
· PUCCH repetition
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: When a high-priority CG-PUSCH transmission overlaps with a low-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 Tproc,2 +d1 symbols after the end of the last symbol of the PDCCH.
· The minimum processing time of the high priority channel is extended by max {d1, d2} symbols.
Proposal 4: When a UE is indicated to generated two HARQ-ACK codebooks, which PUCCH of priority index is associated with each HARQ-ACK codebook should be defined.
Proposal 5: When PRI field is configured as 0 bit for DCI format 1_2, a first CCE index is used to determine a PUCCH resource.
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Appendix 
The followings are agreements for sub-slot based HARQ-ACK procedure.
	RAN1 #96bis meeting  
Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· [bookmark: OLE_LINK8]R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· [bookmark: OLE_LINK42]R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· [bookmark: OLE_LINK41]Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
RAN1 #97 meeting  
Agreements:
For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.

Agreements:
For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.
RAN1 #98 meeting  
Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
· FFS: If a PUCCH resource across sub-slot boundary is supported.

RAN1 #98bis meeting  
Agreements:
Any sub-slot PUCCH resource is not across sub-slot boundaries.
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