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1	Introduction
In this contribution, we summarize our input to the maintenance discussions on UCI enhancements of Rel-16 URLLC & IIoT enhancements. 
Section 2 includes identified issues related to HARQ-ACK enhancements and Section 3 includes identified issues related to intra-UE prioritization/multiplexing. Identified issues are sorted by criticality within each section.
2	Identified issues related to HARQ-ACK enhancements
2.1 Priority determination with DCI formats 0_1/1_1 and 0_2/1_2 (38.213, Section 9)
In RAN1#100b-e the interpretation of the following agreement from RAN1#99 was discussed:
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 

In the end, two interpretation alternatives were presented for selection [R1-2002784]:
· 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, down-select between the two:
· 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).
· 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. 

As both Alt-1 and Alt-2 have been argued to be consistent with the agreement above, it should be discussed what are their benefits. Alt-1 allows some complexity reduction but that does not look essential considering the following 38.213 text that is based on the working assumption from RAN1#99:
“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.”
Thus, all UEs that can be configured to monitor DCI 0_2/1_2 are able to receive and follow dynamic priority indication by those formats. As a UE anyway needs to support dynamic indication by DCI formats 0_2/1_2, it does not look essentially simpler to restrict this support just to the situation that monitoring of DCI format 0_1/1_1 is not configured. We think it has not been shown that there would be real UE complexity difference between supporting Alt-1 or Alt-2. On the other hand, Alt-2 has clear benefits because it allows gain from the lighter DCI format 0_2/1_2 without necessarily tying HARQ-ACK or PUSCH to high priority. Network would then have full freedom to use DCI format 0_2/1_2 with eMBB traffic. Another example is that even though PDSCH scheduled by DCI format 1_2 may be for URLLC, the HARQ-ACK priority does not necessarily need to be high. This happens e.g. if the latency requirement is so stringent that it does not allow HARQ retransmissions. For these reasons, we support Alt-2. 
A related question discussed also in RAN1#100b-e, is default priority if priority is not indicated in a DCI. (RRC configured priorities were proposed by us in [R1-2001695] but we assume now there is no support for those among the other companies.) Three options were introduced [R1-2002784]:
When two HARQ-ACK codebooks are configured,
      Option 1:
· If DCI format 0_1 does not include a priority indicator field, DCI format 0_1 triggers transmissions of priority 0
· If DCI format 1_1 does not include a priority indicator field, DCI format 1_1 triggers receptions of priority 0
·  If DCI format 0_2 does not include a priority indicator field
·  if the UE is not configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 0
· if the UE is configured USS for DCI format 0_1, DCI format 0_2 triggers transmissions of priority 1
·  If DCI format 1_2 does not include a priority indicator field
·  if the UE is not configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 0
· if the UE is configured USS for DCI format 1_1, DCI format 1_2 triggers receptions of priority 1
       Option 2:
· If DCI format 0_1/1_1 does not include a priority indicator field, priority of PUSCH/HARQ-ACK associated with DCI format 0_1/1_1 is low
· If DCI format 0_2/1_2 does not include a priority indicator field, priority of PUSCH/HARQ-ACK associated with DCI format 0_2/1_2 is high.
        Option 3:
· If priority field in a DCI format is not configured, the corresponding transmissions or receptions are of low priority.

The simplest Option 3, already written in the specification, would be suitable with our preferred Alt-2: When network wants high priority with DCI 0_2/1_2 it uses dynamic indication that is available with all UEs configured for monitoring DCI 0_2/1_2. If Alt-1 is chosen, the difference between Opt. 1 and 2 is not remarkable because, if DCI format 0_1/1_1 is not configured for monitoring, DCI format 0_2/1_2 can always dynamically indicate the priority if priority 0 with Opt. 1 or priority 1 with Opt. 2 is not suitable.   
Proposal 2.1: (Alt-2 + Option 3) 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 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. If no priority field is included in a DCI, the associated priority is low. 
Adopt the following TP to TS 38.213 Sec. 9, with changes in red, where the capability [priorityIndicatorInMultiFormats] refers to 11-4a of the current RAN1 UE capability list:
 
	TP to TS 38.213 Sec. 9
9	UE procedure for reporting control information
<Unchanged text is omitted>
A PUSCH or a PUCCH transmission, including repetitions if any, can be of priority index 0 or of priority index 1. For a configured grant PUSCH transmission, a UE determines a priority index from priority, if provided. For a PUCCH transmission with HARQ-ACK information corresponding to a SPS PDSCH reception or a SPS PDSCH release, a UE determines a priority index from harq-CodebookID, if provided. If a priority index is not provided to a UE for a PUSCH or a PUCCH transmission, 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, a priority index can be provided by a priority indicator field in these formats if the UE does not monitor PDCCH also for DCI format 0_2 and DCI format 1_2 or if the UE has indicated capability [priorityIndicatorInMultiFormats]. If a UE monitors PDCCH for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field in these formats.  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.  
<Unchanged text is omitted>




  
2.2 Type-1 HARQ-ACK codebook generation using dl-DataToUL-ACK-ForDCIFormat1_2 and pdsch-TimeDomainAllocationList-ForDCIformat1_2 (38.213, Sec. 9.1.2.1, 9.1.2.2)
This issue was raised as a part of the first email discussion in RAN1#100-e and during the discussion in RAN 1#100b-e [R1-2002784] but without an agreement. The issue is on the Type-1 HARQ-ACK codebook size and reliability. The argumentation for introducing DCI formats and not allowing multiplexing high- & low priority HARQ-ACK in the same codebook, has been motivated by the objective to keep the codebook size down and hence provide an opportunity to reach or increase the achieved reliability. The same argumentation can used on the Type-1 codebook. The TP we provide to address this issue, improves the overall HARQ-ACK reporting reliability (and reduce the overhead when multiplexed on high-priority PUSCH) – by taking into account that e.g. not all cells may be configured for operation with high priority HARQ-ACK, not all DCI formats may be able (e.g. DCI format 1_0 we assume to be always associated with low priority) or may be configured to schedule a high-priority codebook (therefore the union of the TDRA tables only of the applicable DCI formats would be needed - i.e. at least 1_0 on CSS is not required), the fact that the fallback DCI formats are not configured for monitoring on a serving cell (for low-priority CB size), etc. 
The TP follows the logic from Release 15; there is no need to construct a codebook, based on options (K1 sets and entries from TDRA tables) that cannot have been used to indicate the indicated PUCCH (sub-)slot. Therefore, the determination of the K1 set to determine the HARQ-ACK window needs to consider which DCI formats the UE is configured to monitor, and the configured K1 parameters and TDRA tables associated with the DCI formats. 
Further, as each HARQ-ACK codebook has an associated priority, it makes sense to only consider the DCI formats which can indicate the HARQ-ACK codebook priority associated with the Type-1 HARQ-ACK codebook being constructed. The intention here is that for (i) the HARQ-ACK codebook of high priority (i.e. priority index 1) and (ii) for the HARQ-ACK codebook of priority index 0 if the new DCI format 1_2 is configured, i.e. the new applicable Rel-16 cases, we try to keep the Type-1 HARQ-ACK codebook small without including any unnecessary entries as partially has been done in Rel-15. This is seen especially of importance for the high-priority codebook.
In RAN 1#100b-e [R1-2002784] the discussions ended to a potential solution of down selecting between two options:
· Option 1: There is no need to simultaneously support DCI format 1_1 and DCI format 1_2 for Type-1 HARQ-ACK codebook in R16.
· Option 3: If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell c, 
· K1 is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2.  

As option 1 is too restrictive, we are supporting Option 3, complemented with handling of the TDRA tables for minimizing the codebook size of a certain priority.
In the TP below, the cases under the first-level bullet a) captures the cases related to determining the K1 set to be used for the HARQ-ACK codebook construction. For K1 set determination, there are 5 cases:
· Case a) is the case where the UE is configured to monitor only for DCI format 1_0 (among DL DCI formats). In this case the default slot timing values provides the K1 set. This case is a legacy case and follows the legacy behavior, and the condition that the UE is not configured to monitor for DCI format 1_2 is added. 
· Case b) is the case where the UE is configured to monitor for DCI format 1_1 and possibly DCI format 1_0, but not DCI format 1_2. This case is also a legacy case and follows legacy behavior and the K1 set is provided by the parameter dl-DataToUL-ACK.
· Case c) This case is new and is the case where the UE is configured to monitor for DCI format 1_2 and possibly DCI format 1_0, but not DCI format 1_1. In this case the K1 set is provided by dl-DataToUL-ACK-ForDCIFormat1_2.
· Case d) This case is new and covers the case where the UE is configured to monitor for DCI format 1_1 and DCI format 1_2, and possibly DCI format 1_0. In this case, the K1 set is found as the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 as the PUCCH slot can be indicated by K1 values from both sets.
· Case e) considers the case when no DCI format is configured to be monitored for the HARQ-ACK priority associated with the codebook in the serving cell. This can happen, for example, when the DL DCI formats on a serving cell is configured to schedule low priority HARQ-ACK only, in which case there would be no DL DCI formats being able to schedule high priority HARQ-ACK on this serving cell. 
The second part of the algorithm (the first-level bullet b)) is determining the TDRA entries, for which the current specification does not capture the parameters associated with the DCI format 1_2 and the fact that only low priority HARQ-ACK priority can be indicated with DCI format 1_0. In addition, we have taken into account that if a UE is configured to monitor both DCI format 1_1 and 1_2, UE capability may restrict DCI format 1_1 to be associated always to low priority, as discussed in Section 2.1 of this document. In the TP below, the cases with low (a) and high (b) HARQ-ACK priority are handled separately:
· In Cases a1) and b1) a UE is not configured to monitor DCI format 1_2. The low priority HARQ-ACK Case a1) is the legacy case, and the legacy behavior is reused. In the corresponding high priority HARQ-ACK Case b1), the TDRA table for DCI format 1_1 is used (i.e. determined according to 38.214 Table 5.1.2.1.1-1) because DCI format 1_0 is always associated with low priority. 

· In Cases a2), b2) and b3) a UE is configured to monitor both DCI format 1_1 and 1_2 but DCI format 1_0 does not have a role in determining TDMA entries: in the case of low priority HARQ-ACK a2) the UE is not configured for monitoring DCI format 1_0 and in the cases of  high priority HARQ-ACK b2) and b3) it makes no difference whether monitoring of DCI format 1_0 is configured because DCI format 1_0 is always associated with low priority. The difference between cases b2) and b3) is in the UE capability to handle dynamic priority indications when both DCI format 1_1 and 1_2 are configured for monitoring. In case b2) the UE has the capability and the union of the TDRA tables for DCI format 1_1 and DCI format 1_2 (38.214 Table 5.1.2.1.1-1 and Table 5.1.2.1.1-1A) is used like in case a2). If the UE does not have the capability, DCI format 1_1 is assumed to be associated to low priority and the Table 5.1.2.1.1-1A is used alone.  

· Case a3) is also new and is the case of the low-priority HARQ-ACK codebook where the UE is configured to monitor for DCI format 1_0 and DCI format 1_2, and possibly DCI format 1_1. In this case the TDRA entries are found as a union of the parameters feasible for each format, which is logically a union of case a1) (legacy where the UE can be configured with DCI format 1_0 and/or DCI format 1_1 and a4) (the UE is configured to monitor for DCI format 1_2 only). Therefore, this case is to be considered as the logical extension of the legacy case of a1) including the applicable TDRA table of DCI format 1_2. 

· In cases a4) and b4) the TDRA table used by DCI format 1_2 is used (i.e. given by 38.214 Table 5.1.2.1.1-1A): in the case a4) with low priority HARQ ACK, UE is configured to monitor only DCI format 1_2, and in case b4) it may be configured to monitor also DCI format 1_0 but this again does not make a difference because that format is associated always to low priority.  
In the current version of 38.213, it is defined that the UE is not expected to be indicated by a slot timing value with DCI format 1_0, which is not an intersection between the default set {1,2,3,4,5,6,7,8} and the set of slot timing values provided in dl-DataToUL-ACK. In the TP, this logic is extended to cover the case where the dl-DataToUL-ACK-ForDCIFormat1_2 is configured and dl-DataToUL-ACK is not, and the case where both dl-DataToUL-ACK-ForDCIFormat1_2 and dl-DataToUL-ACK is configured. In the latter case, the UE is not expected to be indicated by a slot timing value which is not an intersection between the default values and the union of the values provided in dl-DataToUL-ACK-ForDCIFormat1_2 and dl-DataToUL-ACK.

Proposal 2.2: Introduce the interaction of Type 1 HARQ-ACK CB generation with the new RRC parameters dl-DataToUL-ACK-ForDCIFormat1_2 & pdsch-TimeDomainAllocationList-ForDCIformat1_2 in Sec. 9.1.2.1 & 9.1.2.2 of TS 38.213 by agreeing to the following TP with changes in red and where the capability [priorityIndicatorInMultiFormats] refers to 11-4a of the current RAN1 UE capability list:
	TP to TS 38.213, 9.1.2.1 on Type 1 HARQ-Ack CB with dl-DataToUL-ACK-ForDCIFormat1_2 & pdsch-TimeDomainAllocationList-ForDCIformat1_2
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
In this subclause, the condition on which DCI format(s) a UE is configured to monitor PDCCH for refers only to the DCI format(s) that can schedule a PDSCH with the same HARQ-ACK priority index as the HARQ-ACK codebook. 
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 and DCI format 1_2 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
[bookmark: _Hlk508697304]b)	If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 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
d)	If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell [image: ], [image: ] is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2
e)	If the UE is not configured to monitor PDCCH for any DCI format scheduling PDSCH for serving cell [image: ], [image: ] is an empty set
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], where the row indexes R of the table are provided by
a) If the HARQ-ACK codebook is associated with priority index 0 
a1) and the UE is not configured to monitor PDCCH for DCI format 1_2 on a serving cell c, the row indexes of the table are 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.  
a2) and the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 but is not configured to monitor PDCCH for DCI format 1_0 on a serving cell c, the row indexes of the table are provided by the union of row indexes of the applicable time domain resource allocation tables for DCI format 1_1 according to Table 5.1.2.1.1-1 and for DCI format 1_2 according to Table 5.1.2.1.1-1A of [6, TS 38.214]. 
a3) and the UE is configured to monitor PDCCH for DCI format 1_0 and DCI format 1_2 on a serving cell c, the row indexes of the table are provided by the union of a first set of row indexes that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], a second set of row indexes that is provided by the the applicable time domain resource allocation tables for DCI format 1_0 on user specific search space according to Table 5.1.2.1.1-1 of [6, TS 38.214] and a third set of row indexes that is provided by the the applicable time domain resource allocation tables for DCI format 1_2 according to Table 5.1.2.1.1-1A of [6, TS 38.214]. 
a4) and the UE is configured to monitor PDCCH for DCI format 1_2 but is not configured to monitor PDCCH for DCI format 1_0 and DCI format 1_1 on a serving cell c, the row indexes of the table are provided by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1A of [6, TS 38.214].    
b) If the HARQ-ACK codebook is associated with priority index 1 
b1) and the UE is not configured to monitor PDCCH for DCI format 1_2 on a serving cell c, the row indexes of the table are provided by the applicable time domain resource allocation tables for DCI format 1_1 according to Table 5.1.2.1.1-1 of [6, TS 38.214] 
b2) and the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 and the UE has indicated the capability [priorityIndicatorInMultiFormats] the row indexes of the table are provided by the union of row indexes of the applicable time domain resource allocation tables for DCI format 1_1 according to Table 5.1.2.1.1-1 and for DCI format 1_2 according to Table 5.1.2.1.1-1A of [6, TS 38.214]. 
b3) and the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 and the UE has not indicated the capability [priorityIndicatorInMultiFormats] the row indexes of the table are provided by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1A of [6, TS 38.214].  
b4) and the UE is configured to monitor PDCCH for DCI format 1_2 but is not configured to monitor PDCCH for DCI format 1_1 on a serving cell c, the row indexes of the table are provided by the applicable time domain resource allocation table according to Table 5.1.2.1.1-1A 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
<Unchanged text is omitted>
If a UE is provided dl-DataToUL-ACK, the A UE does not expect to be indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and 
-	the set of slot timing values provided by dl-DataToUL-ACK for the active DL BWP of a corresponding serving cell, if the UE is provided dl-DataToUL-ACK but is not provided dl-DataToUL-ACK-ForDCIFormat1_2, or
-	the set of slot timing values provided by dl-DataToUL-ACK-ForDCIFormat1_2 for the active DL BWP of a corresponding serving cell, if the UE is provided dl-DataToUL-ACK-ForDCIFormat1_2 but is not provided dl-DataToUL-ACK, or
-	the set of slot timing values provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2 for the active DL BWP of a corresponding serving cell, if the UE is provided dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2.
<Unchanged text is omitted>

TP to TS 38.213, 9.1.2.2 on Type 1 HARQ-Ack CB with dl-DataToUL-ACK-ForDCIFormat1_2
9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then 
-	if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK information in the PUSCH, based on a value of a respective PDSCH-to-HARQ_feedback timing indicator field in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format 0_1 or on the value of dl-DataToUL-ACK-ForDCIFormat1_2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format 0_2, in any of the [image: ] occasions for candidate PDSCH receptions by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any serving cell [image: ], as described in Clause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else the UE generates the HARQ-ACK codebook as described in Clause 9.1.2.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, unless the UE receives only a SPS PDSCH release, or only SPS PDSCH reception, or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the [image: ] occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in Clause 9.1.2.
<Unchanged text is omitted>




2.3 DCI formats 0_2 and 1_2 specific missing editorial changes (38.213, Sec. 9.1.2, 9.1.2.1, 9.1.2.2, 9.1.3.2)
In the CR phase, we introduced in some places DCI formats 0_2 and 1_2 by e.g. specifically mentioning 1_2 or 0_2 where applicable, or only referring to ‘a DCI format’ (if all UL grant / DL assignment formats are applicable). But it seems such changes are still missing in various places in Sec. 9.1.X.X – and the following logic is used here in the changes: 
· 0_2 with / without DAI: DCI format 0_1  a DCI format that includes / does not include a DAI field (wording used in Sec. 9)
· 1_2 with / without total DAI: DCI format 1_1  a DCI format that includes / does not include a total DAI field (modification from the wording above for DL assignment)
· 1_2 & CBG: DCI format 1_0  a DCI format that does not support CBG-based PDSCH receptions (wording reused from Sec. 9.1.3.1)
Proposal 2.3: Introduce the interaction of HARQ-ACK CB generation and the new DCI formats 0_2 & 1_2 in sections 9.1.2, 9.1.2.1, 9.1.2.2 and 9.1.3.2 of TS 38.213 by adopting the following TPs with changes in red:
	TP to TS 38.213, Sec. 9.1.2, 9.1.2.1, 9.1.2.2 and 9.1.3.2 on DCI formats 0_2 & 1_2 and HARQ-Ack procedures
[bookmark: _Ref497329097][bookmark: _Toc12021469][bookmark: _Toc20311581][bookmark: _Toc26719406][bookmark: _Toc29894839][bookmark: _Toc29899138][bookmark: _Toc29899556][bookmark: _Toc29917293]9.1.2	Type-1 HARQ-ACK codebook determination
This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. 
<Unchanged text is omitted>

TP to TS 38.213, Sec. 9.1.2.1 on DCI formats 0_2 & 1_2 and HARQ-Ack procedures
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged text is omitted>
If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by a DCI format 1_0 that does not support CBG-based PDSCH receptions and if
-	the UE is configured with one serving cell, and
-	[image: ], and
-	PDSCH-CodeBlockGroupTransmission is provided to the UE
the UE generates HARQ-ACK information only for the transport block in the PDSCH or only for the SPS PDSCH release.
If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by a DCI format 1_0 that does not support CBG-based PDSCH receptions and if
-	the UE is configured with more than one serving cells, or
-	[image: ], and
-	PDSCH-CodeBlockGroupTransmission is provided to the UE
the UE repeats [image: ] times the HARQ-ACK information for the transport block in the PDSCH or for the SPS PDSCH release.
<Unchanged text is omitted>
A UE determines [image: ] HARQ-ACK information bits, for a total number of [image: ] HARQ-ACK information bits, of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. The cardinality of the set [image: ] defines a total number [image: ] of occasions for PDSCH reception or SPS PDSCH release for serving cell [image: ] corresponding to the HARQ-ACK information bits.
<Unchanged text is omitted>

If [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as [image: ] where 
-	[image: ] is the number of transport blocks the UE receives in PDSCH reception occasion [image: ] for serving cell [image: ] if harq-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number of transport blocks the UE receives in PDSCH reception occasion [image: ] for serving cell [image: ] if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format 1_0 that does not support CBG-based PDSCH receptions, or the number of PDSCH receptions if harq-ACK-SpatialBundlingPUCCH is provided or SPS PDSCH release in PDSCH reception occasion [image: ] for serving cell [image: ] and the UE reports corresponding HARQ-ACK information in the PUCCH.
-	[image: ] is the number of CBGs the UE receives in a PDSCH reception occasion [image: ] for serving cell [image: ] if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format 1_1 that supports CBG-based PDSCH reception and the UE reports corresponding HARQ-ACK information in the PUCCH.
<Unchanged text is omitted>

TP to TS 38.213, Sec. 9.1.2.2 on DCI formats 0_2 & 1_2 and HARQ-Ack procedures
[bookmark: _Toc12021471][bookmark: _Toc20311583][bookmark: _Toc26719408][bookmark: _Toc29894841][bookmark: _Toc29899140][bookmark: _Toc29899558][bookmark: _Toc29917295]9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by a DCI format 0_0 that does not include a DAI field, then 
-	if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK information in the PUSCH, based on a value of a respective PDSCH-to-HARQ_feedback timing indicator field in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format, in any of the [image: ] occasions for candidate PDSCH receptions by a DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any serving cell [image: ], as described in Clause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else the UE generates the HARQ-ACK codebook as described in Clause 9.1.2.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, unless the UE receives only a SPS PDSCH release, or only SPS PDSCH reception, or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the [image: ] occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in Clause 9.1.2.
A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.
A UE does not expect to detect a DCI format switching a DL BWP within [image: ] symbols prior to a first symbol of a PUSCH transmission where the UE multiplexes HARQ-ACK information, where [image: ] is defined in [6, TS 38.214]. 
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1 that includes a DAI field, the UE generates the HARQ-ACK codebook as described in Clause 9.1.2.1 when a value of the DAI field in the DCI format 0_1 is [image: ] except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when [image: ] unless the UE receives only a SPS PDSCH release, or only a SPS PDSCH, or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the [image: ] occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in Clause 9.1.2. [image: ] if the PUSCH is scheduled by a DCI format that includes a DAI field and the DAI field in the DCI format 0_1 is set to '0'; otherwise, [image: ].
<Unchanged text is omitted>

TP to TS 38.213, Sec. 9.1.3.2 on DCI formats 0_2 & 1_2 and HARQ-Ack procedures
[bookmark: _Toc12021474][bookmark: _Toc20311586][bookmark: _Toc26719411][bookmark: _Toc29894844][bookmark: _Toc29899143][bookmark: _Toc29899561][bookmark: _Toc29917298]9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DAI field, then
-	if the UE has not received any PDCCH within the monitoring occasions for DCI formats scheduling PDSCH receptions, or SPS PDSCH release, or DCI format 1_1 indicating SCell dormancy on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception, or in response to a detection of a DCI format 1_1 indicating SCell dormancy, to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else, the UE generates the HARQ-ACK codebook as described in Clause 9.1.3.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1 that includes a DAI field, the UE generates the HARQ-ACK codebook as described in Clause 9.1.3.1, with the following modifications:
-	For the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1, after the completion of the  and [image: ] loops, the UE sets [image: ] where [image: ] is the value of the DAI field in the DCI format 0_1 scheduling the PUSCH transmission according to Table 9.1.3-2
-	For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 and DCI format 0_2 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
-	harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 that includes a DAI field with DAI field value [image: ] and the UE has not received any PDCCH within the monitoring occasions for PDCCH with a DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission. 
If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 that includes a DAI field with first DAI field value [image: ] or with second DAI field value [image: ] and the UE has not received any PDCCH within the monitoring occasions for PDCCH with a DCI format 1_0 or with DCI format 1_1, respectively, for scheduling PDSCH receptions or SPS PDSCH release, or DCI format 1_1 indicating SCell dormancy, on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.
<Unchanged text is omitted>



2.4 Type-2 codebook in Rel-16 considering different DAI bit widths in different DCI formats.
This issue was discussed a bit in RAN1#100bis-e, without reaching any consensus. It’s worth recalling that the following options are on the table:
· Option 1: 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.
· Option 2: The size of DAI field is the maximum of the bit widths for the DCI formats.
· Option 3: When a UE is configured DCI format 1_0 and/or with DCI format 1_1 and DCI format 1_2 for scheduling same priority traffic, the bit-width of the DAI fields is same.
· Option 4. A minor modification in procedure of generation of codebook is to support different DAI bit-width. Generally, 2-bit DAI and 1-bit DAI is transformed to reference DAI value and the reference DAI value is used to determine HARQ-ACK bit location. (see TP in the table below)  
· Option 5: Use only 1-bit (e.g. LSB) of 2-bit counter-DAI in DCI format 1_0/1_1 if 1-bit counter-DAI is configured in DCI format 1_2
First, it should be noted that we don’t really see an issue regarding how to determine/interpret the cDAI value when different DAI bit-widths (1 or 2 bits) are used in different DCI formats, meaning that this determination should be a simple task. In the table below, we provide an example to illustrate how to cDAI value is determined when different DAI bit-widths are used. In this example, there are 6 PDSCHs: the first 3 PDSCHs are scheduled with a DCI format having a 2-bit cDAI, whereas the remaining PDSCHs are scheduled with a DCI format having a 1-bit cDAI. 
	PDSCH #
	2-bit cDAI
	1-bit cDAI
	cDAI

	0
	0
	0
	0

	1
	1
	1
	1

	2
	2
	0
	2

	3
	3
	1
	1

	4
	0
	0
	0

	5
	1
	1
	1



Hence, to support different DAI bit-widths, we believe that only some small modifications in the codebook generation procedure would be required. This is basically similar to what Option 4 is suggesting. On the other hand, we think that Options 1, 3 and 5 are unnecessarily restrictive at least in terms of the DAI bit-width configuration. 
Proposal 2.4: Support making small modifications to the codebook generation procedure in order to support different counter DAI bit-widths of 1 or 2 bits.

2.5 PUCCH resource determination for reduced PRI field size (38.213, Sec 9.2.3).
This issue was discussed in RAN1#100bis-e [R1-2002784], but there was no agreement. The issue arises with the new DCI format 1_2, where it is allowed to configure the PRI field size to 0-3 bits in contrast to the fixed 3 bits for DCI formats 1_0 & 1_1. The current Rel-16 specifications include already the PUCCH-Resource determination for the additional PRI field sizes of 1 and 2 bits for DCI format 1_2 but does not handle the case when configured to 0-bit PRI field size (i.e. PRI not dynamically indicated).
The current 38.213 specifications use table 9.2.3-2 to map PRI value to PUCCH resource index when a PUCCH resource set is no larger than 8 PUCCH resources, and applies for PRI field sizes of 1-3 bit. One option to address the issue with 0-bit PRI field size is to expand the logic from the table to map the 0 bits case to the first PUCCH resource index.
The other alternative is to follow the mapping from PRI value to PUCCH resource index when the PUCCH resource set consists of more than 8 PUCCH resources. This mapping follows the expression below from TS 38.213;
	For the first set of PUCCH resources and when the size [image: ] of resourceList is larger than eight, when a UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a last DCI format in a PDCCH reception, among DCI formats with a value of the PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dl-DataToUL-ACK, or a value of dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating a same slot for the PUCCH transmission, the UE determines a PUCCH resource with index [image: ], [image: ], as
	[image: ]
where [image: ] is a number of CCEs in CORESET [image: ] of the PDCCH reception for the DCI format as described in Clause 10.1, [image: ] is the index of a first CCE for the PDCCH reception, and [image: ] is a value of the PUCCH resource indicator field in the DCI format. 



The following options have been considered to handle the issue of how to determine the PUCCH resource index when the PRI field size for DCI format 1_2 is configured to be 0 bits:
· Option 1: Expand table, such that 0 bits PRI refers to the first PUCCH resource index.
· Option 2: Use an expression accounting for the number of CCEs, the index of the first CCE, and the number of PUCCH resources in the PUCCH resource set.
· Option 2a. Reuse the current expression from TS 38.213 for PUCCH resource sets with more than 8 PUCCH resources.
· Option 2b. An alternative expression.
· Option 3: As Option 2, but expanded to also 1 and 2 bits field size PRI.
Option 1 is clearly the simplest solution and is a straightforward expansion of Table 9.2.3-2. However, it also provides only a limited flexibility for the gNB to select PUCCH resource index. Such flexibility can be essential for achieving spectral efficiency when handling multiple UEs. Option 2 provides more flexibility to the gNB compared to Option 1, and with Option 2a, the specification impact can still be relatively limited. It is judged that only very small enhancements can be achieved by further optimizing (Option 2b) the expression in TS 38.213 any further as it already accounts for the both the number of CCEs and the index of the first CCE as variables. Option 3 has only a limited gain as it only provides a limited increase in flexibility for PUCCH resource selection for 1 and 2 bits PRI field sizes. Further, it may affect the backwards compatibility. For this reason, Option 3 should be avoided.
The best option from our point of view is the one which provides most flexibility with the smallest specification impact and from our point of view this is Option 2. Although we prefer Option 2, we could also agree on Option 1 for the sake of reaching a consensus. 
Proposal 2.5: When a PRI is not provided, the PUCCH resource is selected by the number of CCEs and the index of the first CCE (reusing the expression used in Release-15 to select PUCCH-Resource index when more than 8 PUCCH-Resource are configured within a PUCCH-ResourceSet). Adopt the corresponding TP to TS 38.213, with changes in red:
	TP to TS 38.213, Sec. 9.2.3
<Unchanged text is omitted>
The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table 9.2.3-2 for a PUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. If the PUCCH resource indicator field includes 1 bit or 2 bits, the values map to the first 2 values or the first four values, respectively, of Table 9.2.3-2.
For the first set of PUCCH resources and when the size [image: ] of resourceList is larger than eight, or when the PRI is not provided, when a UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a last DCI format in a PDCCH reception, among DCI formats with a value of the PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dl-DataToUL-ACK, or a value of dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating a same slot for the PUCCH transmission, the UE determines a PUCCH resource with index [image: ], [image: ], as
	[image: ]
where [image: ] is a number of CCEs in CORESET [image: ] of the PDCCH reception for the DCI format as described in Clause 10.1, [image: ] is the index of a first CCE for the PDCCH reception, and [image: ] is a value of the PUCCH resource indicator field in the DCI format. 
<Unchanged text is omitted>



[bookmark: _Toc415085486][bookmark: _Toc503902285]2.6 More than one PUCCH carrying HARQ-ACK overlapping with a PUSCH (38.213, Section 9.2.5)
In contrast to Rel-15 NR where a UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot, with the agreed sub-sot configuration in Rel-16 NR, there could be more than one PUCCH resource carrying HARQ-ACK information in a slot. This results in new scenarios of channels overlap where more than one PUCCH resource carrying HARQ-ACK overlap with a PUSCH, as shown in Figure 2.1. For HARQ-ACK corresponding to dynamic PDSCH, there is some flexibility in gNB implementation to avoid these scenarios in some cases. But for HARQ-ACK corresponding to SPS PDSCH, there is no flexibility once the SPS related configuration and activation are done, and such scenarios may be difficult to avoid without affecting PUSCH latency and scheduling flexibility. Hence, in order to not affect PUSCH latency and scheduling flexibility, in contrast to Rel-15 NR, the scenarios where a PUSCH overlaps with more than one PUCCH resource carrying HARQ-ACK should be considered valid and a corresponding handling rule needs to be designed. We here focus on the cases where at least the first PUCCH carrying HARQ-ACK satisfies the conditions for multiplexing with the PUSCH.
[image: ]
Figure 2.1: Scenario where two PUCCH resources carrying HARQ-ACK overlap with a PUSCH. 
We propose the following simple and general handling rule. The rule consists in allowing, among the one or more PUCCH resource carrying HARQ-ACK that satisfy the conditions for multiplexing, at most one PUCCH resource carrying HARQ-ACK to be multiplexed with PUSCH. In fact, allowing more than one PUCCH resource carrying HARQ-ACK to be multiplexed on a PUSCH resource would require decisions and substantial specification changes, which is not desirable given that we are already in a late phase of the Rel-16 URLLC CR / maintenance phase. On the decision of which HARQ-ACK to choose for multiplexing on PUSCH, we propose to use the following simple approach. The earliest PUCCH resource carrying HARQ-ACK is prioritized and multiplexed, and the other overlapping PUCCH resources carrying HARQ-ACKs are dropped. On the other hand, the case where the earliest PUCCH carrying HARQ-ACK does not fulfill the multiplexing conditions should be treated as an error case.
Proposal 2.6: For the scenario where a PUSCH would overlap with more than one PUCCH carrying HARQ-ACK in a slot:
· The UE expects the earliest PUCCH carrying HARQ-ACK to satisfy the timeline conditions for multiplexing with the PUSCH.
· Only the HARQ-ACK information of the earliest PUCCH is multiplexed with the PUSCH, and the HARQ-ACK information of the remaining PUCCH resources is dropped.
[bookmark: _Hlk32597173]Adopt the following text proposal in TS 38.213, Section 9.2.5 with changes marked in red:
	TP to TS 38.213, Section 9.2.5
9.2.5	UE procedure for reporting multiple UCI types
<Unchanged text is omitted>
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in response to a DCI format detection, the UE expects that the first symbol [image: ] of the earliest PUCCH or PUSCH satisfies the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions. 
If a UE would transmit multiple PUCCH(s) carrying HARQ-ACK that overlap with a PUSCH in a slot, the UE drops the PUCCH(s) carrying HARQ-ACK other than the earliest one. The UE follows the behaviour defined in this subclause for the earliest PUCCH carrying HARQ-ACK and PUSCH.
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.
<Unchanged text is omitted>


[bookmark: _Hlk32269236]
3	Identified issues related to intra-UE prioritization/multiplexing
[bookmark: _Hlk40437713][bookmark: _Hlk36133612]3.1 Cancellation and scheduling restriction for the scenarios      PUSCH/PUCCH vs. PUSCH/PUCCH (38.213 Section 9, 38.214 Section 6.1)
In RAN1#99 meeting, the following was agreed regarding the cancellation of low priority UL transmission that overlaps with high priority UL transmission: 
Agreement (RAN1#99 Reno)
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
As noticed in related email discussions e.g. in RAN1#100bis-e, this agreement has been causing a lot of confusion among the companies regarding which scenarios it covers and the necessity to introduce both d1 and d2. We next provide our view on this agreement for the scenarios with a low-priority UL transmission overlapping with a high-priority UL transmission, where an UL transmission could correspond to a PUCCH/PUSCH.
First, we do not really see the need to introduce two timeline extensions, namely d1 and d2, in case of cancellation of a low priority UL transmission due to an overlap with a high priority UL transmission. From specification point of view, it could be sufficient to have the UE to cancel the low priority transmission no later than the start of the high priority transmission. It can be left to UE implementation if the UE chooses to cancel earlier. This could be applied to all the scenarios with a low-priority UL transmission overlapping with a high-priority UL transmission, where an UL transmission could be a PUCCH/PUSCH. 
[bookmark: _Hlk40437875]Proposal 3.1: In case a high priority UL transmission overlaps with a low priority UL transmission, the UE is expected to cancel the low priority UL transmission no later than the start of the high priority UL transmission, where an UL transmission could correspond to a PUCCH/PUSCH.
Then, what is really important is for which cases the processing time of the high priority channel needs to be extended (d2 in the agreement), so that the UE can have sufficient time to cancel one transmission and start another. Here, we term this timeline extension as d2.
High-priority DG PUSCH vs. low-priority CG PUSCH: 
[bookmark: _Hlk31407014][bookmark: _Hlk31533199]For this scenario, it is important to stay consistent with the corresponding Rel-15 NR timeline condition. Specifically, in Rel-15, when a DG PUSCH overlaps with a CG PUSCH, the DG PUSCH is prioritized and the last symbol of the PDCCH scheduling the DG PUSCH should be at least Tproc,2 from the first symbol of the CG PUSCH. This timeline condition leaves enough time for MAC to do the prioritization, and basically only the PDU corresponding to DG PUSCH will be delivered to PHY in this case. Following this reasoning for Rel-16, if the time from the last symbol of the PDCCH scheduling the high-priority DG PUSCH to the first symbol of the low-priority CG PUSCH is at least Tproc,2, similarly there is no need to have the timeline extension d2 since there will be no UL transmission to be cancelled at PHY and only one PDU would be delivered to PHY in this case. An illustration for this case is given in Figure 3.1. 
[image: ]
Figure 3.1: Timeline condition under which no timeline extension is needed for the scenario HP DG PUSCH vs. LP CG PUSCH, which is consistent with Rel-15 NR. 
Otherwise, d2 is needed since the UE would have to cancel an ongoing LP CG PUSCH transmission. Consequently, we have the following scheduling restriction in this case: the UE is not expected to be scheduled with the start of the HP DG PUSCH to be earlier than Tproc,2 +d2 after the end of the last symbol of the scheduling PDCCH. An illustration of this case is given in Figure 3.2.
[image: ]
Figure 3.2: Timeline condition under which the timeline extension d2 is needed for the scenario HP DG PUSCH vs. LP CG PUSCH.
Proposal 3.2: For the scenario of high-priority DG PUSCH vs. low-priority CG PUSCH:
· [bookmark: _Hlk32358441]If the time from the last symbol of the PDCCH scheduling the high-priority DG PUSCH to the first symbol of an overlapping low-priority CG PUSCH is shorter than Tproc,2, the UE is not expected to be scheduled with the start of the high-priority PUSCH to be earlier than Tproc,2 +d2 after the end of the last symbol of the scheduling PDCCH.
· If the time from the last symbol of the PDCCH scheduling the high-priority DG PUSCH to the first symbol of the low-priority CG PUSCH is greater than or equal to Tproc,2, there is no need for a timeline extension.

High-priority (HP) CG PUSCH vs. low-priority (LP) DG/CG PUSCH:
Since no timeline is defined for CG PUSCH, which is the channel with the higher priority here, then the handling should be left up to UE implementation. Specifically, when MAC decides to deliver the MAC PDU corresponding to the high-priority CG PUSCH, a reasonable UE implementation should leave enough time for PHY to cancel (if needed) the low priority transmission (DG PUSCH or CG PUSCH) and prepare for the high priority CG PUSCH transmission. 
[image: ]
Figure 3.3: illustration of the scenario HP CG PUSCH vs. LP DG PUSCH.
[bookmark: _Hlk32595262]Proposal 3.3: For the scenario of high-priority CG PUSCH vs. low-priority DG/CG PUSCH, it is up to UE implementation to make sure that the low-priority DG/CG PUSCH transmission can be cancelled before the start of the high-priority CG PUSCH.
High-priority DG PUSCH vs. low-priority PUCCH (i.e. HARQ-ACK, SR, CSI):
The scenarios where a high-priority DG PUSCH overlaps with a low-priority PUCCH (i.e. CSI, HARQ-ACK, SR) has some similarities with the scenario of high-priority DG PUSCH vs. low-priority CG PUSCH in the previous section. If the time from the last symbol of the PDCCH scheduling the high-priority DG PUSCH to the first symbol of the low-priority PUCCH resource is greater than or equal to Tproc,2, then no need to introduce any timeline extension since PHY will not have an ongoing low-priority PUCCH transmission to cancel. Otherwise, PHY may already start the low-priority transmission before it knows that this transmission needs to be cancelled, in which case the timeline extension d2 is needed. Therefore, as a general rule, if the time from the last symbol of the PDCCH scheduling the high-priority PUSCH to the first symbol of the low-priority PUCCH resource is shorter than Tproc,2, the UE is not expected to be scheduled with the start of the PUSCH to be earlier than Tproc,2 +d2 after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH.
[image: ]
[bookmark: _Hlk39915290]Figure 3.4: illustration for the case where the scenario HP DG PUSCH vs. LP PUCCH would require timeline extension.
Proposal 3.4: For the scenario of high-priority DG PUSCH vs. low-priority PUCCH (i.e. HARQ-ACK, SR, CSI):
· [bookmark: _Hlk31656888][bookmark: _Hlk32403811]If the time from the last symbol of the PDCCH scheduling the PUSCH to the first symbol of the low-priority PUCCH resource is shorter than Tproc,2, the UE is not expected to be scheduled with the start of the high-priority PUSCH to be earlier than Tproc,2 +d2 after the end of the last symbol of the PDCCH carrying the DCI scheduling the high priority DG PUSCH.
· If the time from the last symbol of the PDCCH scheduling the high priority DG PUSCH to the first symbol of the low-priority PUCCH resource is greater than or equal to Tproc,2, there is no need for a timeline extension.

[bookmark: _Hlk31654167]High-priority CG PUSCH vs. low-priority PUCCH (i.e. HARQ-ACK, SR, CSI):
The scenario here is similar to the scenario where a high-priority CG PUSCH overlaps with a low-priority DG/CG PUSCH, and the discussion provided earlier for this latter scenario holds here as well. Hence, for the scenario where a high-priority CG PUSCH overlaps with a low-priority PUCCH, there is no need to define a timeline extension, and it should be up to UE implementation to make sure that the low-priority PUCCH can be cancelled before the start of the high-priority CG PUSCH.
[bookmark: _Hlk32595314]Proposal 3.5: For the scenario of high-priority CG PUSCH vs. low-priority PUCCH (i.e. HARQ-ACK, SR, CSI), it is up to UE implementation to make sure that the low-priority PUCCH can be cancelled before the start of the high-priority CG PUSCH.
High-priority SR vs. low-priority DG/CG PUSCH or HARQ-ACK or CSI: 
The scenarios where a high-priority SR overlaps with a low-priority UL transmission (such as CG/DG PUSCH, HARQ-ACK, CSI) is similar to the scenario of high-priority CG PUSCH vs. low-priority DG/CG PUSCH since both CG PUSCH and SR are of high priority and they do not have timelines defined. Hence, the discussion provided earlier for the scenario of high-priority CG PUSCH vs. low-priority DG/CG PUSCH holds for the scenario of high-priority SR vs. low-priority UL transmission. Therefore, for the scenario here, it should be up to UE implementation to make sure that the low-priority transmission can be cancelled before the start of the high-priority SR transmission.
Proposal 3.6: For the scenario of high-priority SR vs. low-priority DG/CG PUSCH or HARQ-ACK or CSI, it is up to UE implementation to make sure that the low-priority transmission can be cancelled before the start of the high-priority SR transmission.
High-priority HARQ-ACK vs. low-priority DG/CG PUSCH or SR or CSI: 
For a high-priority HARQ-ACK that corresponds to dynamically scheduled PDSCH or to SPS PDSCH, HARQ-ACK resource index is indicated in DCI or RRC configured. The PUCCH resource may still be overridden by a later DCI that schedules another PDSCH pointing to the same slot/sub-slot for HARQ-ACK feedback. However, a DCI overriding the PUCCH resource should not come later than Tproc,2 before the start of the original indicated PUCCH resource. Once the UE decodes the last DCI scheduling PDSCH with HARQ-ACK feedback in the slot/sub-slot, it knows the PUCCH resource to be used for high-priority HARQ-ACK, then the UE could start the cancellation of the low-priority transmission. This includes the case where the UE has started the low-priority transmission and the cancellation is done for instance in parallel with the decoding of the PDSCH; this is possible since these two events are independent. Based on this observation and given that from the time the UE gets aware of the presence of high-priority HARQ-ACK (and thus of the overlapping channels) to the time the actual HARQ-ACK transmission starts is at least a couple of symbols, there is no need to introduce any timeline extension for the scenario here. 
Proposal 3.7: For the scenario of high-priority HARQ-ACK vs. low-priority DG/CG PUSCH or SR or CSI, there is no need for a timeline extension.
Scheduling restrictions on canceled PUSCH resources for CG & DG PUSCH collision:  
At RAN1#99, the following has been agreed: 
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

First, in case the HP CG PUSCH cancels the LP DG PUSCH, such specific restriction is not needed as the UE is not expected to be scheduled with two overlapping DG PUSCHs (i.e. as DG PUSCH prioritization is not supported). In the case where the HP DG PUSCH cancels HP/LP CG PUSCH, this cancelation behavior is basically the same as supported in Rel-15 CG/DG PUSCH collision and in Rel-15 there is no scheduling restriction for back-to-back PUSCH transmissions overlapping with a CG PUSCH defined. Therefore, we do not see a need to introduce this restriction in Rel-16 for HP DG to HP/LP CG PUSCH collision either. 
Observation 3.1: For CG/DG PUSCH collision, the scheduling restriction ‘The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols’ is either not applicable (HP CG canceling LP DG PUSCH) or needs to be considered as an additional Rel-16 restriction which was not required in Rel-15 (i.e. DG PUSCH canceling CG PUSCH). It is not clear which cases this scheduling restriction is intended for.
[bookmark: _Hlk32595401]Proposal 3.8: Revert the following agreement from RAN1#99:
	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




On the required changes in the specifications, it is preferable to cover the intra-UE prioritization aspects discussed above only in TS 38.213, instead of covering the CG PUSCH vs. DG/CG PUSCH scenario in TS 38.214 and the other scenarios in TS 38.213. Consequently, the related text in brackets in TS 38.214, Section 6.1 should be removed and all aspects of CG PUSCH vs. DG PUSCH collision to be handled in 38.213. 
Proposal 3.9: Adopt the following text proposal for the intra-UE multiplexing/prioritization to TS 38.213, Section 9 with the changes marked in red:
	TP to TS 38.213, Section 9
9	UE procedure for reporting control information
<Unchanged text is omitted>
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. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH, or cancel the PUSCH or the second PUCCH transmission at latest before the starting symbol of the first PUCCH transmission.
-	a PUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH, or cancel the PUCCH transmission at latest before the starting symbol of the PUSCH transmission.
· If the PUSCH is scheduled by a DCI and the time from the end of the last symbol of the PDCCH with the DCI scheduling the PUSCH to the start of the first symbol of the PUCCH is shorter than Tproc,2,  the UE is not expected to be scheduled with the PUSCH starting earlier than Tproc,2 +d2  after the end of the last symbol of the PDCCH carrying the DCI, where Tproc,2 is given in [6, TS 38.214] for the corresponding PUSCH timing capability and d2 is determined by the reported UE capability [XXXXX].
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, where at least one of the two PUSCHs is not scheduled by a DCI format, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format or cancel the second PUSCH transmission at latest before the starting symbol of the first PUSCH transmission.
· If the first PUSCH is scheduled by a DCI format and the time from the end of the last symbol of the PDCCH with the DCI scheduling the first PUSCH to the start of the first symbol of the second PUSCH is shorter than Tproc,2,  the UE is not expected to be scheduled with the first PUSCH starting earlier than Tproc,2 +d2  after the end of the last symbol of the PDCCH carrying the DCI, where Tproc,2 is given in [6, TS 38.214] for the corresponding PUSCH timing capability and d2 is determined by the reported UE capability [XXXXX].
In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.
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.
<Unchanged text is omitted>



Proposal 3.10: Adopt the following text proposal for the intra-UE multiplexing/prioritization to TS 38.214, Section 6.1 with the changes marked in red:
	TP to TS 38.214, Section 6.1
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333]6.1	UE procedure for transmitting the physical uplink shared channel
<Unchanged text is omitted>
If a UE receives an ACK for a given HARQ process in CG-DFI in a PDCCH ending in symbol i to terminate a transport block repetition in a PUSCH transmission on a given serving cell with the same HARQ process after symbol i, the UE is expected to terminate the repetition of the transport block in a PUSCH transmission starting from a symbol j if the gap between the end of PDCCH of symbol i and the start of the PUSCH transmission in symbol j is equal to or more than N2 symbols. The value N2 in symbols is determined according to the UE processing capability defined in Clause 6.4, and N2 and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH and the subcarrier spacing of the PDCCH indicating CG-DFI.
 [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.]
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol  after symbol , and if the gap between the end of PDCCH and the beginning of symbol  is less than  symbols. The value  in symbols is determined according to the UE processing capability defined in Clause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
<Unchanged text is omitted>



3.2 SRS handling
On whether to introduce a priority for A-SRS, there was an FFS point, as can be seen in the agreement below:
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
This FFS point was discussed in the last RAN1 e-meeting but without reaching a consensus, where the two options that have been under discussion are: 
· Opt.1: Priority of A-SRS should follow the priority indicator carried in the DCI that triggers the A-SRS.
· Opt.2: For A-SRS triggered by DL/UL scheduling DCI, it is always treated as low priority for resolving collision between UL transmissions.
Regarding Opt.1, first there is no reason to couple the A-SRS priority and the PUSCH (resp. HARQ-ACK) priority indicated in the UL grant (resp. DL assignment), as these are different channels. In addition, we do not see any important use cases that justify treating A-SRS as high priority and thus allowing e.g. to drop a PUSCH that overlaps with an A-SRS. Based on these observations, we believe that Opt.2 should be adopted; as captured in the current specs.  
Proposal 3.11: A-SRS triggered by DL/UL scheduling DCI is always treated as low priority.
In TS 38.214, the following text had been included for SRS handling to accommodate Rel-16 behavior:
	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).


There has been little discussion on this. The current text requires the introduction of a new RRC parameter [intraUEPrioritization], which has not been included in the RRC parameter list yet. If we keep the text, we will need to add a new RRC parameter. Alternatively, we can define the behavior based on the UE capability instead of RRC configuration, thus avoiding the need for a new RRC parameter. We propose to use UE capability so that the RRC parameter can be saved. 
It should be noted that, in case of [intraUEPrioritization], the text cited above suggests that the scenario where a PUSCH overlaps with an SRS is a valid scenario (regardless of the PUSCH priority), i.e. it is not considered as an error case (as in Rel-15 NR), and UE drops the SRS only in the overlapping symbols. Although there is no such agreement under eURLLC yet, the behavior was agreed for Rel-16 Positioning Enhancements (i.e. for SRS for positioning), and we believe that this behavior could be also adopted for eURLLC. The agreement under Positioning is captured by the following text in TS 38.214-g10, subsection 6.2.1.4: If an SRS configured by the higher parameter [SRS-for-positioning] collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs.
Proposal 3.12: Since a corresponding RRC parameter intraUEPrioritization has not been introduced, adopt the following TP to TS 38.214 Sec. 6.2.1 so that Rel-16 SRS vs PUSCH collision handling is based on UE capability instead of the RRC configuration:
	TP to TS 38.214, Section 6.2.1
6.2.1 UE sounding procedure 
<Unchanged text is omitted>
If a UE does not report the capability of [intraUEPrioritization] is not configured with [intraUEPrioritization] and PUSCH and SRS configured by SRS-Resource 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 [intraUEPrioritization] 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).
<Unchanged text is omitted>




3.3 Handling overlapping between high-priority PUSCH without UL-SCH and SR (38.213 Section 9)
In the FL summary of [R1-2002695], one of the potential issues is about the scenario where high-priority PUSCH without UL-SCH collides with SR. Based on the agreement from RAN1#98bis, the priority of the A-CSI is indicated by Priority indicator within the DCI scheduling the PUSCH. The PHY-layer SR priority is indicated by a new RRC parameter for each SR resource configuration. Further as proposed in Section 3.3, in case the SR priority is not configured, SR has priority index 0 if it is configured within the first PUCCH-Config, and SR has priority index 1 if it is configured within the second PUCCH-Config. 
Following TS38.213, in case the UL channels of different priorities are overlapping, the UE does not transmit the ones of smaller priority index. However, looking at TS38.213 Section 9, related to the scenario where a PUSCH without UL-SCH overlaps with a PUCCH transmission with positive SR information, it says: 
“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.”
There could be misunderstanding that positive SR is always transmitted independent of the PUSCH priority. On the other hand, it is worth to point out one paragraph from 38.213 Section 9 (which coming before the referred paragraph above) as shown below:
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.
The ambiguity might arise whether the above referred paragraph is applicable to the scenario of overlapping SR and PUSCH without UL-SCH or not since multiplexing of SR on PUSCH is not supported in NR. To make it clear, we would like to propose to update the relevant specification text.
Proposal 3.13: Adopt the following TP to TS 38.213 Sec. 9 to clarify that high priority PUSCH without UL-SCH is transmitted in case colliding with low-priority SR:
	TP to TS 38.213, Section 9
9 UE procedure for reporting control information 
<Unchanged text is omitted>
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 without UL-SCH is of a larger priority index than the positive SR. 
<Unchanged text is omitted>



3.4 Intra-UE multiplexing/cancellation order (38.213 Section 9)
In last RAN1 e-meeting, one of the potential issues included in the 3rd e-mail discussion thread of UCI enhancements [R1-2002785] is about intra-UE multiplexing/cancellation order. The problem was introduced with one example scenario given in [R1-2002545], to be more specific, whether the low-priority PUSCH can be cancelled without waiting for the multiplexing decision of high-priority PUCCH and PUSCH. For the purpose of discussion, the considered scenario is copied below in Fig. 3.5.
[image: ]
Figure 3.5: example scenario from R1-2002545
Let’s take the assumption that UE needs to start the cancellation process at latest from  after receiving the first high priority PUCCH although we are not convinced of introducing this cancellation timeline as discussed in Section 3.1. Based on the email discussion, it seems that the main concern is that to meet the cancellation timeline, the UE cannot wait to check the outcome from HP PUCCH and HP PUSCH when starting the cancellation process for LP PUSCH in Figure 3.5. As already indicated in our comments in [R1-2002785], it is our view that this issue can be solved with proper UE implementation which was pointed out by some other companies as well. 
Following the UE multiplexing/prioritization procedure specified in TS38.213, UE will first resolve the collision issue among the channels with the same priority, afterwards between the remaining channels with different priority. Taking the example as shown in Fig. 3.5, depending on the UE processing timeline, at the time instance of collision resolution, two different scenarios could happen:
· Scenario 1: The HP PUSCH scheduled by the second PDCCH is not known due to e.g. the second PDCCH scheduling HP PUSCH coming too late, then following the current specification, UE will resolve the collision between LP PUSCH and HP PUCCH. As the outcome of this process, LP PUSCH will be cancelled. Then at a bit later time, when the HP PUSCH is known to the UE, UE will handle the collision between HP PUCCH and HP PUSCH. This is the same outcome as proposed in R1-2002545.
· Scenario 2: The HP PUSCH scheduled by the second PDCCH is known at the UE before the cancelation process for LP PUSCH has started. In this case, the UE will handle the collision between HP PUSCH and HP PUCCH for example making multiplexing decision (while not necessarily mean completing the entire multiplexing process), then checking whether there is overlapping channels with different priorities. In this example case, the remaining channels are the LP PUSCH and HP PUSCH which are not overlapping, and therefore no cancellation of the LP PUSCH is needed.
Based on this discussion, in our opinion with proper UE implementation, the UE can follow the current specification when making decision of cancellation/multiplexing according to the cancellation/multiplexing timeline and the current specification is sufficient to handle the considered scenario. Similarly, the discussion above can be applied to the case where it is up to UE to make decision at which time instance to start cancellation process. Therefore, no further enhancement is needed. Based on this, we propose:
Proposal 3.14: No specification change needed considering the intra-UE multiplexing/cancellation order.
 
4	Conclusions
[bookmark: _GoBack]In this contribution, we discuss the identified clarifications and additions on UCI enhancements with respect to the Rel-16 URLLC & IIoT WIs. 
The discussions in Sec. 2 on HARQ-ACK related issues can be summarized as: 
· Proposal 2.1: (Alt-2 + Option 3) 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 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. If no priority field is included in a DCI, the associated priority is low. 
Adopt the proposed TP to TS 38.213 Sec. 9 as described in Sec. 2.1. 
· Proposal 2.2: Introduce the interaction of Type 1 HARQ-ACK CB generation with the new RRC parameters dl-DataToUL-ACK-ForDCIFormat1_2 & pdsch-TimeDomainAllocationList-ForDCIformat1_2 in Sec. 9.1.2.1 & 9.1.2.2 of TS 38.213 by agreeing to the TP as described in Sec. 2.2. 
· Proposal 2.3: Introduce the interaction of HARQ-ACK CB generation and the new DCI formats 0_2 & 1_2 in sections 9.1.2, 9.1.2.1, 9.1.2.2 and 9.1.3.2 of TS 38.213 by adopting the proposed TPs as described in Sec. 2.3. 
· Proposal 2.4: Support making small modifications to the codebook generation procedure in order to support different counter DAI bit-widths of 1 or 2 bits.
· Proposal 2.5: When a PRI is not provided, the PUCCH resource is selected by the number of CCEs and the index of the first CCE (reusing the expression used in Release-15 to select PUCCH-Resource index when more than 8 PUCCH-Resource are configured within a PUCCH-ResourceSet). Adopt the corresponding TP to TS 38.213 as described in Sec. 2.5. 
· Proposal 2.6: For the scenario where a PUSCH would overlap with more than one PUCCH carrying HARQ-ACK in a slot:
· The UE expects the earliest PUCCH carrying HARQ-ACK to satisfy the timeline conditions for multiplexing with the PUSCH.
· Only the HARQ-ACK information of the earliest PUCCH is multiplexed with the PUSCH, and the HARQ-ACK information of the remaining PUCCH resources is dropped.
Adopt the proposed text proposal to Section 9.2.5 of TS 38.213, as described in Sec. 2.6.

The discussions in Sec. 3 on Intra-UE prioritization/multiplexing related issues can be summarized as: 
On cancellation and scheduling restriction (Sec. 3.1): 
· Proposal 3.1: In case a high priority UL transmission overlaps with a low priority UL transmission, the UE is expected to cancel the low priority UL transmission no later than the start of the high priority UL transmission, where an UL transmission could correspond to a PUCCH/PUSCH.

· Proposal 3.2: For the scenario of high-priority DG PUSCH vs. low-priority CG PUSCH:
· If the time from the last symbol of the PDCCH scheduling the high-priority DG PUSCH to the first symbol of an overlapping low-priority CG PUSCH is shorter than Tproc,2, the UE is not expected to be scheduled with the start of the high-priority PUSCH to be earlier than Tproc,2 +d2 after the end of the last symbol of the scheduling PDCCH.
· If the time from the last symbol of the PDCCH scheduling the high-priority DG PUSCH to the first symbol of the low-priority CG PUSCH is greater than or equal to Tproc,2, there is no need for a timeline extension.
· Proposal 3.3: For the scenario of high-priority CG PUSCH vs. low-priority DG/CG PUSCH, it is up to UE implementation to make sure that the low-priority DG/CG PUSCH transmission can be cancelled before the start of the high-priority CG PUSCH.

· Proposal 3.4: For the scenario of high-priority DG PUSCH vs. low-priority PUCCH (i.e. HARQ-ACK, SR, CSI):
· If the time from the last symbol of the PDCCH scheduling the PUSCH to the first symbol of the low-priority PUCCH resource is shorter than Tproc,2, the UE is not expected to be scheduled with the start of the high-priority PUSCH to be earlier than Tproc,2 +d2 after the end of the last symbol of the PDCCH carrying the DCI scheduling the high priority DG PUSCH.
· If the time from the last symbol of the PDCCH scheduling the high priority DG PUSCH to the first symbol of the low-priority PUCCH resource is greater than or equal to Tproc,2, there is no need for a timeline extension.
· Proposal 3.5: For the scenario of high-priority CG PUSCH vs. low-priority PUCCH (i.e. HARQ-ACK, SR, CSI), it is up to UE implementation to make sure that the low-priority PUCCH can be cancelled before the start of the high-priority CG PUSCH.

· Proposal 3.6: For the scenario of high-priority SR vs. low-priority DG/CG PUSCH or HARQ-ACK or CSI, it is up to UE implementation to make sure that the low-priority transmission can be cancelled before the start of the high-priority SR transmission.

· Proposal 3.7: For the scenario of high-priority HARQ-ACK vs. low-priority DG/CG PUSCH or SR or CSI, there is no need for a timeline extension.

· Observation 3.1: For CG/DG PUSCH collision, the scheduling restriction ‘The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols’ is either not applicable (HP CG canceling LP DG PUSCH) or needs to be considered as an additional Rel-16 restriction which was not required in Rel-15 (i.e. DG PUSCH canceling CG PUSCH). It is not clear which cases this scheduling restriction is intended for.

· Proposal 3.8: Revert the following agreement from RAN1#99:
	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



· Proposal 3.9: Adopt the proposed text proposal for the intra-UE multiplexing/prioritization to TS 38.213, Section 9, as described in Sec. 3.1. 

· Proposal 3.10: Adopt the following text proposal for the intra-UE multiplexing/prioritization to TS 38.214, Section 6.1, as described in Sec. 3.1.

On the remaining parts of Intra-UE prioritization/multiplexing (Sec. 3.2 to 3.4):
· Proposal 3.11: A-SRS triggered by DL/UL scheduling DCI is always treated as low priority.

· Proposal 3.12: Since a corresponding RRC parameter intraUEPrioritization has not been introduced, adopt the proposed TP to TS 38.214 Sec. 6.2.1 so that Rel-16 SRS vs PUSCH collision handling is based on UE capability instead of the RRC configuration, as described in Sec. 3.2.

· Proposal 3.13: Adopt the proposed TP to TS 38.213 Sec. 9 to clarify that high priority PUSCH without UL-SCH is transmitted in case colliding with low-priority SR, as described in Sec. 3.3.

· Proposal 3.14: No specification change needed considering the intra-UE multiplexing/cancellation order.
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