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1. Introduction
In this contribution, we discuss remaining issues on UCI enhancements which need to be addressed.  

Issue #1: Priority indication 
1.1. Discussion 
	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

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 


From the above decisions [1] on PDCCH monitoring configuration/behavior with newly defined DCI formats (DCI format 0_2/1_2), two cases can be taken into account: 
(1) Only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP
(2) Both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP
However, the first case may be misleading. For example, if gNB configures the following search space configuration which is complied with the first case but also is complied with the second case. 
(3) USS 1: ”dci-FormatsExt-r16” = formats0-1-And-1-1
(4) USS 2: ”dci-FormatsExt-r16” = formats0-2-And-1-2
The intention of configuration should be to divide two cases without overlapping each other. For instance, by removing “in USS” in the first case, the above example is only complied with the second case. Thus, the working assumption can be confirmed with update to reflect this aspect. In addition, the description related to processing timeline is not necessary any more so it can be removed. 
Proposal 1: The working assumption is confirmed with following updates:
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

For the case where both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP, there is no decision on how to indicate priority yet. This needs to be addressed with taking into account UE capability on whether a DCI format can schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. If a UE is capable of scheduling different HARQ/PUSCH priorities by a DCI format, 1 bit field (priority indicator) can be utilized. Otherwise, it seems unnecessary to have the explicit DCI field so other option can be further considered. 
Proposal 2: When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP
· If a UE is capable of scheduling different HARQ/PUSCH priorities by a DCI format
· 1-bit field in DCI can be configured as the PHY identification of the priority
· Otherwise, 
· Option 1: Priority is fixed by DCI format (e.g., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2)
· Option 2: Priority is configured by RRC for each DCI format

Issue #2: Priority of A-SRS triggered by DCI formats other than DCI format 2_3
1.2. Discussion 
	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


For priority of A-SRS triggered by DCI formats other than DCI format 2_3 (i.e., DCI format 0_1/0_2/1_1/1_2), it is unreasonable to associate priority indicated by DCI with priority of A-SRS since this DCI is for scheduling PUSCH or triggering HARQ-ACK and its priority is not related to priority of A-SRS at all. Thus, we prefer that the priority of A-SRS triggered by DCI formats other than DCI format 2_3 can be treated with low priority. 
Proposal 3: The priority of A-SRS triggered by DCI formats other than DCI format 2_3 is treated with low priority. 

Issue #3: Type-1 HARQ-ACK codebook construction with DCI format 1_2
1.3. Discussion 
With the introduction of DCI format 1_2, a set of slot timing value and a set of TDRA table row indexes need to be amended to take into account DCI format 1_2. For type-1 HARQ-ACK codebook, it would be beneficial to strive to design the size of type-1 HARQ-ACK codebook to be as small as possible. In this context, a set of slot timing value for HARQ-ACK codebook with a given priority index can be determined as the below table. 
	If the UE is configured to monitor PDCCH for DCI format 1_0
	If the UE is configured to monitor PDCCH for DCI format 1_1
	If the UE is configured to monitor PDCCH for DCI format 1_2
	K1

	O
	X
	X
	K1 is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0

	X
	O
	X
	K1 is provided by dl-DataToUL-ACK for DCI format 1_1

	X
	X
	O
	K1 is provided by dl-DataToUL-ACK-ForDCIFormat1_2-r16 for DCI format 1_2

	O
	O
	X
	K1 is provided by the union set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0 and dl-DataToUL-ACK for DCI format 1_1

	O
	X
	O
	K1 is provided by the union set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0 and dl-DataToUL-ACK-ForDCIFormat1_2-r16 for DCI format 1_2

	X
	O
	O
	K1 is provided by the union set of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2-r16 for DCI format 1_2

	O
	O
	O
	K1 is provided by the union set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0, dl-DataToUL-ACK for DCI format 1_1, and dl-DataToUL-ACK-ForDCIFormat1_2-r16 for DCI format 1_2


Alternatively, a set of slot timing value for HARQ-ACK codebook with a given priority index can be determined by taking into account association between the priority index and each DCI format. For instance, as DCI format 1_0 can be associated with only priority index 0, HARQ-ACK codebook with priority index 1 does not need to consider a set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0. If a UE is not capable of scheduling both HARQ-ACK priorities via DCI format 1_1 or 1_2, as discussed above, a DCI format can be pre-configured as a certain priority index, and similarly, only a set of slot timing value for HARQ-ACK codebook with a given priority index can be determined by considering a set relevant to the DCI format configured for the priority index. Similar method can be applied to determine a set of row indexes of TDRA table. 
Proposal 4: For type-1 HARQ-ACK codebook, a set of slot timing value for HARQ-ACK codebook can be determined by considering
· Option 1: which DCI format(s) to be monitored. 
· Option 2: which DCI format(s) to be monitored and the association between priority index and a DCI format (if present)
Proposal 5: For type-1 HARQ-ACK codebook, a set of row indexes of TDRA table for HARQ-ACK codebook can be determined by considering
· Option 1: which DCI format(s) to be monitored and applicable TDRA defined in Table 5.1.2.1.1-1/1A in TS 38.214. 
· Option 2: which DCI format(s) to be monitored, applicable TDRA defined in Table 5.1.2.1.1-1/1A in TS 38.214 and the association between priority index and a DCI format (if present)

Issue #4: Type-2 HARQ-ACK codebook with different DAI bit widths between DCI format 1_2 and other DCI formats
1.4. Discussion 
In case the size of DAI field in DCI format 1_2 is different from that in other DCI formats 1_0/1_1, different type-2 HARQ-ACK codebook size may occur between gNB and UE, which could be problematic. To resolve this problem, we suggest the following proposal.
Proposal 6: For type-2 HARQ-ACK codebook, if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, 
· Option 1: 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. 
· Option 2: The size of DAI field is the maximum of the bit widths for the DCI formats.

Issue #5: More than one PUCCH carrying HARQ-ACK overlapping with a PUSCH with the same priority
1.5. Discussion 
In Rel-16, multiple PUCCHs carrying HARQ-ACK is allowed in a slot. This subslot-based HARQ-ACK PUCCHs can be overlapped with PUSCH or another PUCCH with the same priority, and there is no multiplexing rule defined in Rel-15. Considering the expected specification efforts such as how to map UCI and how to indicate DAI/beta offset for HARQ-ACK, it would be better to prohibit such overlapping by gNB implementation, which can be enhanced in later release if deemed necessary.   
Proposal 7: A UE is not expected to transmit multiple PUCCHs carrying HARQ-ACKs overlapping with another PUSCH with same priority in a slot. 

Issue #6: Cancelation timeline for overlapping between UL transmissions with different priorities 
1.6. Discussion 
	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 agreement only considers the case where a high priority UL channel is dynamically scheduled by the corresponding PDCCH, however, the case where a high priority UL channel is semi-statically scheduled/triggered without a corresponding PDCCH (e.g., CG PUSCH, SR) also should be taken into account. In this case, such UL transmission may not always happen, and thus it would be better to give more time margin to UE. In this sense, it would be straightforward to consider the starting symbol of high priority channel as the reference timing. For example, in Fig. 1, a UE is expected to cancel the low priority UL transmission starting from N symbol before the start of high priority UL transmission. 

Figure 1. Example of collision of high priority CG PUSCH and low priority UL transmission

If collision happens among more than 2 UL transmissions, it seems the current agreement is not sufficient to define precise UE behavior. As agreed, when collision happens among UL transmissions with different priorities, collision of UL channels with same priority is resolved firstly and then collision of UL channels with different priorities is resolved. This implies that the final decision from UE perspective would come from the moment after the UE can obtain all scheduling information. In this context, one reasonable way is to consider PDCCH with the last starting symbol among PDCCHs scheduling high priority UL transmission. For instance, in Fig. 2, the PDCCH triggering PUCCH (HARQ-ACK) has the last starting (or ending) symbol among PDCCHs scheduling high priority UL transmission, so the end of this PDCCH becomes the reference timing for cancelation of low priority UL transmission. 


Figure 2. Example of collision of more than 2 UL transmissions

In summary, the cancelation behavior should take into account the following cases:
(1) Collision including high priority UL transmission without corresponding PDCCH
(2) Collision of more than 2 UL transmissions
Proposal 8: When collision of UL transmissions happens in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from the later between
· Tproc,2+d1 after the end of PDCCH with the last starting (or ending) symbol among PDCCHs scheduling the high-priority transmission and 
· N symbol before the start of the high-priority transmission with the earliest starting symbol among high-priority transmissions without the corresponding PDCCH

For a UE indicating the capability of pa-PhaseDiscontinuityImpacts, as discussed in inter-UE prioritization, similar behavior needs to be taken into account for intra-UE prioritization. For such UE, in case a UL channel with low priority index is to be dropped, then the UE also drops the UL transmission(s), if present, on all other intra-band serving cell(s). One consideration point is the case where any UL transmission to be dropped is with high priority index, which should be avoided by gNB.
Proposal 9: For a UE indicating the capability of pa-PhaseDiscontinuityImpacts, in case a UL channel with low priority index is to be cancelled on a serving cell, then the UE also cancels the UL transmission(s) on all other intra-band serving cell(s) from the earliest symbol that is overlapping with the first cancelled symbol of the UL channel with low priority index. 
· The UE is not expected to cancel any UL transmission with high priority index on all other intra-band serving cell(s). 

2. Conclusions
In this contribution, we discussed remaining aspects on UCI enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: The working assumption is confirmed with following updates:
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
Proposal 2: When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP
· If a UE is capable of scheduling different HARQ/PUSCH priorities by a DCI format
· 1-bit field in DCI can be configured as the PHY identification of the priority
· Otherwise, 
· Option 1: Priority is fixed by DCI format (e.g., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2)
· Option 2: Priority is configured by RRC for each DCI format
Proposal 3: The priority of A-SRS triggered by DCI formats other than DCI format 2_3 is treated with low priority. 
Proposal 4: For type-1 HARQ-ACK codebook, a set of slot timing value for HARQ-ACK codebook can be determined by considering
· Option 1: which DCI format(s) to be monitored. 
· Option 2: which DCI format(s) to be monitored and the association between priority index and a DCI format (if present)
Proposal 5: For type-1 HARQ-ACK codebook, a set of row indexes of TDRA table for HARQ-ACK codebook can be determined by considering
· Option 1: which DCI format(s) to be monitored and applicable TDRA defined in Table 5.1.2.1.1-1/1A in TS 38.214. 
· Option 2: which DCI format(s) to be monitored, applicable TDRA defined in Table 5.1.2.1.1-1/1A in TS 38.214 and the association between priority index and a DCI format (if present)
Proposal 6: For type-2 HARQ-ACK codebook, if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, 
· Option 1: 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. 
· Option 2: The size of DAI field is the maximum of the bit widths for the DCI formats.
Proposal 7: A UE is not expected to transmit multiple PUCCHs carrying HARQ-ACKs overlapping with another PUSCH with same priority in a slot. 
Proposal 8: When collision of UL transmissions happens in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from the later between
· Tproc,2+d1 after the end of PDCCH with the last starting (or ending) symbol among PDCCHs scheduling the high-priority transmission and 
· N symbol before the start of the high-priority transmission with the earliest starting symbol among high-priority transmissions without the corresponding PDCCH
[bookmark: _GoBack]Proposal 9: For a UE indicating the capability of pa-PhaseDiscontinuityImpacts, in case a UL channel with low priority index is to be cancelled on a serving cell, then the UE also cancels the UL transmission(s) on all other intra-band serving cell(s) from the earliest symbol that is overlapping with the first cancelled symbol of the UL channel with low priority index. 
· The UE is not expected to cancel any UL transmission with high priority index on all other intra-band serving cell(s). 
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