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1 	Introduction
UCI enhancements for URLLC WI in Rel-16 was finalized in RAN1#99. However, there are a few issues that were left for further study. In this contribution we address those issues as well as propose some correction to existing specification test to better reflects the agreements.

2	Discussion
2.1	Priority of different HARQ codebooks
In Section 9.1 of 38.213 specification the following is stated: 
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

This means when DCI of PDSCH gives the priority index, it’s still not clear if its HARQ-ACK should map to 1st or 2nd HARQ-ACK codebook and hence not clear which PUCCH-Config shall be used for the PUCCH carrying the HARQ-ACK of a given priority.  It is further our view that UE can be configured alternatively:
· two HARQ-ACK codebooks, and one set of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} is provided for each HARQ-ACK codebook separately, or 
·  with a single HARQ-ACK codebook which can be associated with priority index 0 or 1,  and one set of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} is provided for the HARQ-ACK codebook.
To address this issue we  propose the follwoing text change to 38.213: 
	---------------------------------------- Proposed text to TS 38.213 V16.0.0  ----------------------------------
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
· if UE is indicated a single HARQ-ACK codebook, the HARQ-ACK codebook is associated with a PUCCH of priority index either 0  or 1
· if UE is indicated two HARQ-ACK codebook, 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
· if 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, it is for use with the first and second HARQ-ACK codebooks, respectively. 




Also in [1] the SPS-Config contains a harq-CodebookID-r16 field but there is no field to indicate priority index: 
-- ASN1START
-- TAG-SPS-CONFIG-START

SPS-Config ::=                          SEQUENCE {
    periodicity                             ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
                                                        spare6, spare5, spare4, spare3, spare2, spare1},
    nrofHARQ-Processes                      INTEGER (1..8),
    n1PUCCH-AN                              PUCCH-ResourceId                                                            OPTIONAL,   -- Need M
    mcs-Table                               ENUMERATED {qam64LowSE}                                                     OPTIONAL,   -- Need S
    ...,
	[[
	sps-ConfigIndex-r16						SPS-ConfigIndex-r16                                                         OPTIONAL,   -- Need N
	harq-ProcID-Offset-r16					INTEGER (0..15)                                                             OPTIONAL,   -- Need N
	periodicityExt-r16						INTEGER (1..5120)                                                           OPTIONAL,   -- Need N
	harq-CodebookID-r16						INTEGER (1..2)                                                              OPTIONAL    -- Need N
	]]
}

-- TAG-SPS-CONFIG-STOP
-- ASN1STOP

Hence, different priority index for different SPS configurations can only be associated by use of two HARQ-ACK codebooks. To avoid un-necessary RRC configuration in case only a single HARQ-ACK codebook is needed but different priorities among different SPS configurations we propose:  

[bookmark: _Ref32603650]Inform RAN2 that the priority of SPS PDSCH should be included in SPS PDSCH RRC configuration.
2.2	Sub-slot based HARQ-ACK feedback 
The following was agreed in RAN1#97:
Agreement:
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.

However the text from current 38.213:
	TS 38.213 V16.0.0 Section 9
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. 
 …
…
With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot n or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending 
in slot n , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n + k , where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if 
present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. 




We note that although the agreement states that K1 is between DL sub-slot and the UL sub-slot, the specification considers K1 as the time duration between DL slot and the UL sub-slot.

Update the TS 28.213 texts related to sub-slot configuration to comply with the RAN1 agreement and eliminate confusion.

2.3	Overlapping high priority SR and high priority PUSCH
The following working assumption was agreed in RAN1#99:
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

Relevant agreements were made in RAN2#108 for overlapping SR and PUSCH:
· If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed (prioritized) based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource (where the priority value is determined as in previous agreement), if the priority of the LCH that triggered the SR is higher.
· For SR-Data conflict with equal priority, UL-SCH (i.e. data) is prioritized.

Note that in RAN2 agreement, the priority refers to the logical channel priority, which can have 16 levels. The 16-level logical channel priority maps to the 2-level physical layer priority for the multiplexing/prioritization procedure. 
Given the RAN2 agreement above, Rel-16 MAC allows an SR to be triggered even though its PUCCH resource overlaps with a PUSCH resource. This is a new feature, which was not allowed in Rel-15.
Considering the RAN2 agreement, it would have been desirable to enhance the physical layer to support multiplexing SR with PUSCH when both are of high PHY priority. However, this would incur much technical discussion and specification work, hence not appropriate for Rel-16 maintenance scope. Given that there is no mechanism to multiplex SR onto PUSCH in current specification, it is reasonable for the Rel-16 UE to drop SR of high priority when it overlaps with PUSCH of high priority. This behaviour would follow Rel-15 without introducing new mechanism. Further improvements can be considered as part of the multiplexing/prioritization enhancements in Rel-17.


Confirm the Working Assumption, i.e., If SR with high PHY priority overlaps with PUSCH with high PHY priority, drop the SR and transmit PUSCH.

2.4	Priority of A-SRS and CSI
RAN1 made the following agreement regarding the priority of SRS
Agreement:
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

Our understanding is that since DCI format 2_3 is a group common DCI that triggers SRS for multiple UE, it has a lower priority compared to the priority of a UE-specific SRS trigger. 
On the other hand, A-SRS just provides a way to improve link adaptation and/or precoding through a channel measurement.  Also, generally it should be no problem to wait a few ms if needed for a new measurement, and if measurements are stale, a more conservative link adaptation or precoding choices is possible.
Therefore, we think it can be beneficial that the priority of UE-specific A-SRS follows the periodicity indicator carried in the triggering DCI. For example, if the SRS is triggered by a DCI for an eMBB service the SRS has low priority, whereas if it is triggered by a DCI scheduling high priority PDSCH then the A-SRS has high priority.
[bookmark: _Ref32601317]Priority of A-SRS should follow the priority indicator carried in the DCI that triggers the A-SRS.

Another issue is the priority of CSI. In 38.213, it is stated that:
A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority.
This text does not capture the following agreement in RAN1#98b and conclusions in RAN1#99:
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. 

Based on above agreement and conclusions we propose the following text change to 38.213: 
	---------------------------------------- Proposed text to TS 38.213 V16.0.0  ----------------------------
9 UE procedure for reporting control information 
…
…
A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. For periodic and semi-persistent CSI on PUCCH and for periodic and semi-persistent SRS the priority index is 0.        
If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority.




2.5	Cancellation timeline 
The following was agreed in RAN1#99: 
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

According to agreement d_2,1=0 is assumed for canceling. Since canceling of a UL transmission should be faster than performing a UL transmission it is our belief that d_2,2=0 can be assumed for cancelling even if a BWP switch is triggered.    
[bookmark: _Ref32603189]For cancellation timeline,  d_2,2 = 0 is used in Tproc,2.

In current 38.213 the above agreement for canceling timeline is not captured. Therefore we propose the following text addition to Section 9 in 38.213, assuming d2,2=0 for cancellation. 
	Text Proposal for TS 38.213 V16.0.0, Section 9:
---------------------------------------- Proposed text to TS 38.213 V16.0.0  ------------------------------------
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...

If a UE reports the capability of intra-UE prioritization], and UE receives a DCI on a PDCCH that triggers a PUSCH or PUCCH of higher priority index that overlaps in time with a PUCCH, PUSCH or SRS of lower priority index the UE cancel the PUCCH, PUSCH or SRS of lower priority index at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI that triggered the PUCCH or PUSCH of higher priority index, 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 d2,2 = 0  and d1 is determined by the reported UE capability [XXXXX],
-	In this case, the UE is not expected to be scheduled for the PUCCH or PUSCH by the PDCCH where the PUCCH or PUSCH starts earlier than N + d2 symbols after the end of the last symbol of the PDCCH, where 
· N = Tproc,1 if the DCI triggers a high-priority PUCCH comprising HARQ-ACK
· N = Tproc,2 if the DCI triggers a high-priority PUSCH
· N = Tproc,CSI or T’proc,CSI  if the DCI triggers a high-priority PUSCH comprising CSI report(s) or n-th CSI report, respectively  




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.

3	Conclusion
Based on the discussion in the previous sections we propose the following:

1. Inform RAN2 that the priority of SPS PDSCH should be included in SPS PDSCH RRC configuration.
Update the TS 28.213 texts related to sub-slot configuration to comply with the RAN1 agreement and eliminate confusion.
Confirm the Working Assumption, i.e., If SR with high PHY priority overlaps with PUSCH with high PHY priority, drop the SR and transmit PUSCH.

Priority of A-SRS should follow the priority indicator carried in the DCI that triggers the A-SRS.
For cancellation timeline,  d_2,2 = 0 is used in Tproc,2.
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