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[bookmark: _Ref521334010]Introduction
[bookmark: OLE_LINK1]At the RAN1#100bis e-meeting, several issues on URLLC UCI enhancement were discussed and the following agreements were reached as below:
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Agreements:
· SR priority comes from phy-PriorityIndex-r16 in SchedulingRequestResourceConfig. If not configured, SR is treated as low priority (index 0).
· In Rel-16, if a UE is configured with one HARQ codebook, the HARQ-ACK codebook is considered as low priority.
· If a PUCCH-Config is provided with a subslotLengthFor PUCCH-r16, the PUCCH resource corresponding to any SR or CSI configuration with the same priority as the PUCCH-Config, should be confined within the sub-slot associated to the PUCCH-Config.
Agreements:
· A value of subslotLength-ForPUCCH for ECP is either 2 or 6 symbols.
Update on 4/30:
Agreements:
· Adopt the following TP:
[image: ]
In this contribution, we discuss the remaining issues for UL control enhancements for URLLC.
Discussion
Timeline requirement for cancellation
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, cancellation timeline was agreed in RAN1#99 meeting as follows.
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 corresponding 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

Note that in Rel-15, cancelation timeline was also defined for cancelling an UL transmission configured by RRC. For example, the cancelation timeline of an UL transmission configured by RRC due to dynamically scheduled DL transmission corresponding to a DCI is defined as follows in 11.1 in TS 38.213. Basically, UE starts to cancel the UL transmission [image: ] after the end of DCI assuming [image: ].
	For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time [image: ] for the corresponding UE processing capability [6, TS 38.214] assuming [image: ] and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols 



It is noted that the differences of cancelation timelines between Rel-16 URLLC and Rel-15 are:
1) Additional time d1 of 0, 1 or 2 symbols was introduced for Rel-16 cancelation timeline
2) d_2,1=0 for Rel-16 cancelation timeline while d_2,1=1 for Rel-15 cancelation timeline
From cancelation perspective, the only difference we observe is that UE needs to determine and compare the priority based on the priority index in the DCI. However, UE should decode DCI to derive the time-frequency location of PUCCH/PUSCH to determine whether it overlaps with other UL channels anyway. Hence we do not think it is the reason of introducing d1. 
Observation 1:  Addition of d1 is not needed in Rel-16 cancellation time.
In order to align with the cancelation timeline defined for UL transmission configured by RRC due to SFI or dynamic scheduling, we proposed to change d_2,1 to be 1 symbol.

According to the agreement, the minimum processing time of a high priority channel is extended by d2 symbols as long as the high-priority UL transmission overlaps with a low-priority UL transmission in a slot. However, if the time from the end of the last symbol of the PDCCH associated with the high priority channel to the start of the first symbol of the low priority channel is no less than T_proc,2, UE would not prepare the low priority channel at all and UE does not need to stop the ongoing low priority transmission, then additional preparation time d2 is not required, where T_proc,2 is the cancellation time needed for the low priority channel.
Observation 2: Addition of d2 is not needed if the time from the end of the last symbol of the PDCCH associated with the high priority channel to the start of the first symbol of the low priority channel is no less than T_proc,2.
If the time from the end of the last symbol of the PDCCH associated with the high priority channel to the start of the first symbol of the low priority channel is less than T_proc,2, additional d2 is needed for the high priority channel processing time. As shown in Figure 1, the preparation of the low priority channel has been started before knowing it would be cancelled due to an overlapping high priority channel. Then UE needs to stop the low priority channel, additional time d2 should be added in the processing time of high priority channel, and whether value of d2 is SCS dependent should be further considered. 


Figure 1: Example of additional d2 needed in the processing time of high priority channel

Proposal 1: Additional d2 should be added in the processing time of high priority channel only if the time from the end of the last symbol of the PDCCH associated with the high priority channel to the start of the first symbol of the low priority channel is less than T_proc,2.
· T_proc,2 is the cancellation time needed for the low priority channel, it corresponds to UE processing time capability for the carrier of low priority channel, where u is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH and the low-priority UL transmission and d_2,1=1 is assumed for cancellation
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· FFS whether value of d2 is SCS dependent
Another issue is that it is not clear whether the agreement applies to single cell and/or multiple cells. In our opinion, it should be applied to UL channel overlapping on single cell and multiple cells wherein PUCCH and PUSCH overlap in time domain on different cells within a cell group. 
In case a low priority channel overlaps with a high priority channel, in order to ensure the high priority channel starts after the low priority channel has been cancelled, the timing between the PDCCH corresponding to the high priority channel and the high priority channel should be no less than the cancellation time and the minimum preparation time needed for the high priority channel. As an example in Figure 2, a low priority PUCCH on a serving cell overlapping with a high priority PUSCH on another serving cell, the cancellation time Tproc,2 for the low priority channel and the minimum processing time Tproc,2’ for the high priority PUSCH may be different since the SCS and UE capability can be different on different serving cells,  then the timing between the PDCCH scheduling the PUSCH and the PUSCH should be no less than max(Tproc,2, Tproc,2’+d2) where Tproc,2 and Tproc,2’ are determined based on the respective SCS and UE capability.


Figure 2: Timeline required for high priority PUSCH when it overlaps with a low priority PUCCH

Another example is shown in Figure 3 where a high priority HARQ-ACK overlaps with a low priority PUSCH in time. In order to ensure that the low priority PUSCH is cancelled before the start of high priority HARQ-ACK, the timing between the PDCCH corresponding to the HARQ-ACK and the PUCCH for HARQ-ACK should be no less than the Tproc,2, and the timing between the PDSCH corresponding to the HARQ-ACK and PUCCH for HARQ-ACK should be no less than Tproc,1+d2, where Tproc,2 is the cancellation time for the low priority channel and Tproc,1 is the processing time for the HARQ-ACK.


Figure 3: Timeline required for high priority HARQ-ACK when it overlaps with a low priority PUSCH on a different serving cell
The agreement of cancellation timeline does not consider the case that a high priority channel overlaps with a low priority UL transmission and the high priority channel does not have a corresponding DCI, from our view, the cancellation timeline is up to UE implementation in this case.
Proposal 2: When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot,
· the scheduling timeline of the high priority channel should guarantee that the low priority channel can be cancelled before the start of high priority channel,
· If the high priority channel does not have a corresponding DCI, the timeline is up to UE implementation.
Priority determination in PHY
Priority determination when both legacy and new DCI formats are configured
Based on the agreement for PDCCH enhancements, a DCI format can schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities when both legacy and new DCI formats are configured, but it is an optional UE feature. 
	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 


However, there were different understandings on the optional UE feature as below:
· Interpretation 1: If a UE does not have the capability, all DCI formats cannot be used to indicate HARQ-ACK/PUSCH priority. 
· Interpretation 2: If a UE does not have the capability, DCI format 0_2/1_2 can still be used to indicate HARQ-ACK/PUSCH priority.
Since a UE can support dynamic priority indication if a single DL/UL DCI format pair is configured, it is not clear why the UE is not capable of dynamic priority indication in any DCI format when two pairs of DCI formats are configured. We think interpretation 2 makes more sense.
Proposal 3: If a UE does not have the capability to have priority indication in all configured DCI formats when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored, DCI format 0_2/1_2 can still be used to indicate HARQ-ACK/PUSCH priority.
Default priority if priority field in DCI is not configured
Since the presence of "priority indicator" in DCI formats is configured by gNB, regardless of UE capability, it is possible that there is no "priority indicator" in a DCI format, and then a default priority should be determined for each DCI format. A unified solution for any DCI format combination is preferred, i.e. priority of PUSCH/HARQ-ACK associated with DCI format 0_1/1_1 is low while priority of PUSCH/HARQ-ACK associated with DCI format 0_2/1_2 is high.
Proposal 4: 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.
Priority of A-SRS triggered by DCI formats other than DCI format 2_3
It was agreed that P/SP-SRS and A-SRS triggered by DCI format 2_3 are treated with low priority, but there is no conclusion for priority determination of A-SRS triggered by other DCI formats. 
According to the Rel-15 principle for SRS overlapping with other UL transmission on the same carrier, SRS will be prioritized only when A-SRS overlapping with PUCCH with CSI only. And in case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PUCCH/PUSCH transmissions are not allowed, a UE is not expected to be configured with SRS in a carrier and another UL transmission in a different carrier in the same symbol.
Without introducing additional bit field in DCI format, the priority of A-SRS can only be indicated by the existing priority indication for PUSCH/HARQ-ACK in the DCI format if the priority of A-SRS is dynamically indicated. However, A-SRS is not transmitted along with PUSCH/HARQ-ACK and it does not make sense to always assume that the priority of A-SRS is the same as the priority indicated for PUSCH/HARQ-ACK. In addition, we do not see the useful scenario to define A-SRS with high priority. Hence, it is proposed that A-SRS triggered by DCI formats other than DCI format 2_3 is treated as low priority.
Proposal 5: A-SRS triggered by DCI formats other than DCI format 2_3 is treated as low priority.
In addition, for UE sounding procedure defined in TS38.214, a new RRC parameter [intraUEPrioritization] was introduced, but the parameter is not included in RRC parameter list. It is proposed that different UE behaviors are based on the UE capability parameter [UL intra-UE multiplexing/prioritization] instead. 
Proposal 6: Different UE sounding behaviors for collision handling between SR and PUSCH are based on UE capability.
A text proposal is provided below for SRS in 38.214 section 6.2.1
---------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583]6.2.1	UE sounding procedure
*** Unchanged text is omitted ***
If a UE is not configured with [intraUEPrioritization] does not report the capability of [UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer] 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 is configured with [intraUEPrioritization] reports the capability of [UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer] 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).
----------------------------------------------------- End of text proposal ------------------------------------------------------
Priority for CG and SPS corresponding to a DCI format
In RAN1, the priority of CG PUSCH and SPS PDSCH are determined by the RRC configuration and the priority cannot be overwritten by activation DCI.
	Agreements:
2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:
· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.
· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release
· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Conclusion
Activation DCI complementing or overwriting the RRC configured priority of Type2 CG PUSCH is not supported in Rel-16
Conclusion
Activation DCI complementing or overwriting the RRC configured priority of SPS PDSCH is not supported in Rel-16


For the PDSCH or the PUSCH scheduled by SPS PDSCH or CG PUSCH activation DCI, it is commonly considered as a dynamic transmission in RAN1 and the priority is determined by DCI indication. However, the following was agreed for CG PUSCH transmission in RAN2#109 e-meeting.
An uplink grant addressed to CS-RNTI with NDI=1 (retransmission of CG) is a dynamic grant in prioritization.
An uplink grant addressed to CS-RNTI with NDI=0 ((re-)activation of type 2 CG) is a configured grant in prioritization.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Then for PUSCH scheduled by PDCCH scrambled by CS-RNTI with NDI=0, RAN1 and RAN2 do not determine priority in the same way, it is possible that RAN1 and RAN2 have different understanding on the priority of the PUSCH scheduled by PDCCH scrambled by CS-RNTI with NDI=0 if the priority indication in the DCI is different from the priority configured by RRC. Therefore, in order to maintain the consistency between RAN1 and RAN2, gNB should ensure the same priority determined by the activation DCI and the RRC configuration for semi-static transmission.
Proposal 7: The priority indication in the activation DCI is not expected to be different from the priority configured for the SPS PDSCH configuration of the configured grant configuration to be activated.
UL channel overlapping between UL transmissions with same priority
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]It was agreed that the PUCCH resource corresponding to any SR or CSI configuration with the same priority as the PUCCH-Config, should be confined within the sub-slot associated to the PUCCH-Config. Then multiple PUCCHs carrying HARQ-ACKs would not overlap with another PUCCH carrying CSI/SR with same priority. However, it is possible that multiple PUCCHs carrying HARQ-ACKs overlap with one PUSCH with same priority, there is no multiplexing rule defined for this case, the following options can be considered to resolve the issue:
· Option 1: Multiplex all the HARQ-ACKs on the PUSCH
· Option 2: Multiplex HARQ-ACK from one PUCCH on the PUSCH, drop the HARQ-ACK from other PUCCH(s)
· Option 3: Avoid such overlapping cases
· Option 4: Drop PUSCH
To avoid the impact on specification, it can be handled by network to avoid scheduling PUSCH overlapping with more than 1 PUCCH with HARQ-ACK of same priority, which follows the similar rule as in R15 for the case of PUCCH with larger SCS than PUSCH. Since the duration of PUSCH for URLLC traffic is expected to be short and latency for eMBB traffic is not a critical issue, the limitation should be acceptable. Otherwise if HARQ-ACKs from multiple PUCCHs are multiplexed on the same PUSCH, whether joint coding or separate coding of the multiple HARQ-ACKs, the detail of the mapping principle and how to indicate the DAI and beta-offsets for these HARQ-ACKs should be further considered. We propose that it is not expected that multiple PUCCHs carrying HARQ-ACKs would overlap with a PUSCH with same priority, and for PUSCH repetition type B, the PUSCH refers to an actual PUSCH repetition.
Proposal 8: It is not expected that multiple PUCCHs carrying HARQ-ACKs would overlap with a PUSCH with same priority.
· For PUSCH repetition type B, the PUSCH refers to an actual PUSCH repetition.
A text proposal is provided below for UL transmissions overlapping in 38.213 section 9.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration [image: ] UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration [image: ] if [image: ]. 
A UE does not expect a PUCCH resource that results from multiplexing overlapped PUCCH resources, if applicable, to overlap with more than one PUSCHs if each of the more than one PUSCHs includes aperiodic CSI reports.
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 
A UE does not expect a PUSCH to overlap with more than one PUCCHs for HARQ-ACK if the overlapping PUSCH and PUCCHs are of same priority.
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Clause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH.
----------------------------------------------------- End of text proposal ------------------------------------------------------
Clarification of sub-slot partition within a slot
In Rel-16, sub-slot based transmission was agreed for UCI on PUCCH. According to the agreement in RAN1 #98 meeting, sub-slot configurations for PUCCH is defined as below:
	Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
· FFS: If a PUCCH resource across sub-slot boundary is supported.



However, only the length of sub-slots is defined in the specification, it is not clear how to divide sub-slots in a slot. In order to make the definition of sub-slot in the specification clearer, a text proposal is provided below for sub-slot determination in 38.213 section 9.
Proposal 9: Adopt the following TP for sub-slot definition in 38.213 clause 9.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH. There are a number of  / subslotLength-ForPUCCH slots for an associated PUCCH transmission within a slot of  OFDM symbols as defined in [4, TS 38.211].  
----------------------------------------------------- End of text proposal ------------------------------------------------------

In addition, not all the occurrences of “slot”s in section 9 in [1] can be replaced by sub-slot when a UE is provided subslotLength-ForPUCCH. The following aspects should be considered:
1) For SR reporting in section 9.2.4, slot should not be replaced by sub-slot since slot is used as the unit for SR periodicity determination;
2) For CSI resource determination when multi-CSI-PUCCH-ResourceList is configured in section 9.2.5, slot should not be replaced by sub-slot since PUCCH resource provided by multi-CSI-PUCCH-ResourceList does not exist in every sub-slot;
3) When a UE is provided subslotLength-ForPUCCH, that means PUCCH repetition is supported for sub-slot based HARQ-ACK. In our view, PUCCH repetition for sub-slot based HARQ-ACK was not discussed before and it is mainly used when the UL coverage is limited, however, UE can be configured with longer sub-slot length or slot based HARQ-ACK in this case. Hence, we consider sub-slot based PUCCH repetition should not be supported.
Proposal 10: Sub-slot based PUCCH repetition should not be supported.
A text proposal is provided below for sub-slot based transmission in 38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164]9	UE procedure for reporting control information
*** Unchanged text is omitted ***
In the remaining of this Clause except for section 9.2.4 and the case of PUCCH repetition, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission  includes a number of symbols indicated by subslotLength-ForPUCCH.
*** Unchanged text is omitted ***
[bookmark: _Toc12021480][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc29894852][bookmark: _Toc29899151][bookmark: _Toc29899569][bookmark: _Toc29917306][bookmark: _Toc36498180]9.2.5	UE procedure for reporting multiple UCI types
This Clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions. Any case that a PUCCH transmission is with repetitions over multiple slots is described in Clause 9.2.6. If a UE is configured with multiple PUCCH resources in a slot to transmit CSI reports
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214]
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 
-	if the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE isthere is at least one PUCCH resource provided by multi-CSI-PUCCH-ResourceList in the slot and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList in the slot, as described in Clause 9.2.5.2. 
[bookmark: _Ref500185963][bookmark: _Toc12021482][bookmark: _Toc20311594][bookmark: _Toc26719419][bookmark: _Toc29894854][bookmark: _Toc29899153][bookmark: _Toc29899571][bookmark: _Toc29917308][bookmark: _Toc36498182]*** Unchanged text is omitted ***
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
*** Unchanged text is omitted ***
If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH in a slot where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if any of the CSI reports are overlapping and the UE isthere is PUCCH resource(s) provided by multi-CSI-PUCCH-ResourceList in the slot with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
[bookmark: _Hlk534904159]-	else, the UE transmits the [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList in the slot and determined as described in Clause 9.2.5 
----------------------------------------------------- End of text proposal ------------------------------------------------------
HARQ-ACK codebook in Rel-16
Whether to support Type-1 codebook in Rel-16
It was agreed that R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type-2 HARQ-ACK codebook in Rel-16. However, there was no conclusion whether Type-1 codebook is supported for sub-slot based HARQ-ACK in Rel-16. If Type-1 HARQ-ACK codebook is supported for sub-slot based HARQ-ACK, it is not clear how to reuse R15 HARQ-ACK codebook construction method.
The first understanding is to reuse the pseudo code of R15 Type-1 HARQ-codebook by changing UL slot to UL sub-slot to the existing pseudo-code, and then there are some issues as discussed in [1]. 
The second understanding is to reuse the principle of R15 Type-1 HARQ-codebook by defining the same number of DL sub-slots in a slot as the UL sub-slots in a slot. Then, in case of the SCS configurations are different between uplink and downlink or in case of ECP and NCP between uplink and downlink, similar issues as discussed in [1] exist. 
The third understanding is to find all the PDSCH occasions based on the boundary of UL sub-slot, then it is an optimized solution based on Rel-15 Type-1 HARQ-codebook, and it has big impact on pseudo-code for Type-1 HARQ-ACK codebook.
Type-1 HARQ-ACK codebook provides more reliable feedback in case PDCCH is missed at the cost of larger feedback overhead. For URLLC, the reliability of PDCCH transmission is very high; hence the probability of PDCCH missing is very low. Furthermore, the overhead of Type-1 HARQ-ACK codebook is higher leading to less reliable HARQ-ACK feedback which is not suitable for URLLC. So the necessity of using Type-1 HARQ-ACK codebook for URLLC is not clear. Moreover, specification efforts as discussed above are needed to support the use of Type-1 HARQ-ACK codebooks for URLLC. Therefore, we propose that Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.
Proposal 11: Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.
A text proposal is provided below for UL transmissions overlapping in 38.213 section 9.1.2.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[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 does not expect to be configured with pdsch-HARQ-ACK-Codebook = semi-static for a HARQ-ACK codebook if a UE is provided subslotLength-ForPUCCH for the HARQ-ACK codebook.
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. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]----------------------------------------------------- End of text proposal ------------------------------------------------------

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Type-1 codebook construction considering separate K1 and TDRA table for new DCI format in Rel-16
[bookmark: OLE_LINK8][bookmark: OLE_LINK11]If Type-1 codebook is applied for slot based HARQ-ACK in Rel-16, a left issue is that the current Type-1 HARQ-ACK codebook construction does not account for the parameters of DCI format 1_2, e.g., the parameter dl-DataToUL-ACK-ForDCIFormat1_2, and pdsch-TimeDomainAllocationList-ForDCIformat1_2. Similar as Rel-15, the determination of the HARQ-ACK feedback window should consider which DCI formats the UE is configured to monitor, and the configured K1 parameters and TDRA tables associated with the DCI formats. In addition, the HARQ-ACK codebook determination should only consider the DCI formats which can schedule a PDSCH with same HARQ-ACK priority of the HARQ-ACK codebook.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]A text proposal is provided below for Type-1 codebook construction in 38.213 section 9.1.2.1.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
In this subclause, the 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 a 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 or 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
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 on serving cell  , [image: ]is provided by dl-DataToUL-ACK-ForDCI-Format1-2-r16 for DCI format 1_2
d) If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 on serving cell , [image: ] is provided by the union set of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCI-Format1-2-r16 for DCI format 1_2
b)	on a set of row indexes [image: ] of a table that is provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP and defining respective sets of slot offsets [image: ], start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214] , where the row indexes R of the table are provided by
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and/or DCI format 1_1 on serving cell [image: ], 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 and a third set of row indexes, if provided by pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 in pdsch-Config,
b)	If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_0 and DCI format 1_1 on serving cell , the row indexes of the table are provided by a 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 pdsch-TimeDomainAllocationList in pdsch-Config, or by pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 in pdsch-Config,
c) If the UE is configured to monitor PDCCH for DCI format 1_2, and configured to monitor PDCCH for DCI format 1_0 and/or DCI format 1_1 on serving cell , the row indexes of the table are provided by 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 and a third set of row indexes, if provided by pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 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]
c)	on the ratio [image: ] between the downlink SCS configuration [image: ] and the uplink SCS configuration [image: ] provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL BWP, respectively
d)	if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in Clause 11.1 
e)	if CA-slot-offset is provided, on and  for serving cell , or on  and  for the cell of PUCCH transmission, as described in [4, TS 38.211].
*** Unchanged text is omitted ***
A UE does not expect to detect a DCI format switching a DL BWP within [image: ] symbols prior to a first symbol of a PUCCH transmission where the UE multiplexes HARQ-ACK information, where [image: ] is defined in Clause 9.2.3. 
If a UE is provided dl-DataToUL-ACK, theA 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 and 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.
If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 and if maxNrofCodeWordsScheduledByDCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK information is associated with the first transport block and the UE generates a NACK for the second transport block if harq-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK information with value of ACK for the second transport block if harq-ACK-SpatialBundlingPUCCH is provided. 
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, 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.
----------------------------------------------------- End of text proposal ------------------------------------------------------
Type-1 codebook construction considering reference SLIV for new DCI format in Rel-16
[bookmark: _GoBack]According to the email discussion after RAN1#98bis, it was agreed that when the RRC parameter enables the utilization of the new reference, time domain resource allocation indication for PDSCH in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV, and the new reference is applied for TDRA entries with K0=0.
If Type-1 codebook is applied for slot based HARQ-ACK in Rel-16, how to construct the Type-1 codebook when reference SLIV is used should be considered. Rel-15 procedure could be reused with some modification. More specifically, the procedure to determine a set of SLIVs for Type-1 codebook should be based on K0 and SLIV in the RRC configured TDRA table and the configured monitoring occasions for the new DCI format. As an example shown in Figure 4, if there are two PDCCH monitoring occasions configured for the DCI format 1_2 on a serving cell, then for each row in the TDRA table with K0=0, there are two corresponding SLIVs in one slot and the starting position are determined by the two PDCCH monitoring occasions.


Figure 4: 
Proposal 12: If the starting point of PDCCH monitoring occasion is used as the reference point of PDSCH TDRA, Rel-15 procedure for Type-1 codebook determination could be reused with some modification:
· for each row in the TDRA table with K0=0, there are one or more corresponding SLIV(s) in a slot and the starting position of SLIV(s) is determined by the configured PDCCH monitoring occasions in the slot.
Type-2 codebook in Rel-16
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]In Rel-16, it was agreed that both DCI format 1_1 and 1_2 can be used to schedule HARQ-ACK codebooks with different priorities. On the other hand, the bit width of counter-DAI field in the DCI format 1_2 can be 0, or 1 or 2 bits, which may be different from DCI format 1_0 and DCI format 1_1. 
For Type-2 codebook construction, the number of bits for the counter-DAI is a factor should be considered in the pseudo code. However, it is not clear how to determine the number of bits for the counter-DAI when the bit size of counter-DAI field in the DCI format 1_2 is different from DCI format 1_0 and DCI format 1_1. In order not to minimize the specification impact, we prefer to limit that not multiplex HARQ-ACK information scheduled by DCI formats with different bit widths of the counter DAI in a same HARQ-ACK codebook. Meanwhile, if the bit size of counter-DAI field in the DCI format 1_2 is 0, the pseudo-code for Type-2 codebook cannot be applicable. Similarly, the UE does not expect to multiplex HARQ-ACK information scheduled by DCI formats without counter DAI field in a same HARQ-ACK codebook.
Proposal 13: For type-2 codebook in Rel-16:
· UE does not expect to multiplex HARQ-ACK information scheduled by DCI formats with different bit widths of the counter DAI in a same HARQ-ACK codebook;
· UE does not expect to multiplex HARQ-ACK information scheduled by DCI formats without counter DAI field in a same HARQ-ACK codebook.
PUCCH resource determination
In Rel-16 URLLC, 0-bit PRI indication in scheduling DCI is supported. It is not clear which PUCCH resource in the resource set should be used by the UE without PRI indication in the DCI. In the email discussion after RAN1#99, two solutions were proposed:
· Option 1: Implicit PUCCH resource determination scheme based on the following equation
.
· Option 2: The first PUCCH resource in the resource set is used
Option 1 is an implicit PUCCH resource determination scheme similar as the PUCCH resource determination in Rel-15 when there are more than 8 PUCCH resources configured in a resource set. Option 2 is the same behavior as in Rel-15 if HARQ-ACK timing is not provided by the DCI. Note that in addition to 0-bit PRI, the number of PRI indication bit can be configured to be 1 or 2 bits. When 8 PUCCH resources are configured for a UE in a PUCCH resource set and one or two PRI bits are configured in a DCI format, it was defined that the first two or four PUCCH resources in the resource set can be indicated. In other words, the principle of option 2 is applied for the case of one or two PRI bits in a DCI format instead of option 1. In addition, up to two PUCCH resources could be distinguished by CCE in Rel-15 but more PUCCH resources should be distinguish by CCE in option 1 when RPUCCH is larger than 2, then option 1 increases the PDCCH blocking probability. Hence, we propose to adopt option 2. In our opinion, if more resources are needed for a UE, gNB could configure more bits for PRI instead of using implicit PUCCH resource determination.
Proposal 14: The first PUCCH resource in the resource set is used in case of 0-bit PRI indication in a DCI.
A text proposal is provided below for PUCCH resource determination in 38.213 section 9.2.3.
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407]-------------------------------------------------- Start of text proposal ------------------------------------------------------
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. If the PUCCH resource indicator field is not present, a PUCCH resource is provided by pucch-ResourceId obtained from the first value of resourceList.
----------------------------------------------------- End of text proposal ------------------------------------------------------

Miscellaneous corrections for section 9 in TS38.213
In Rel-16, DCI format 0_2 and DCI format 1_2 were defined and separate HARQ-ACK timing is configured for DCI format 1_1 and DCI format 1_2 respectively. However, they were not reflected in some places in the specification. A text proposal is provided below for 38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Toc12021471][bookmark: _Toc20311583][bookmark: _Toc26719408][bookmark: _Toc29894841][bookmark: _Toc29899140][bookmark: _Toc29899558][bookmark: _Toc29917295]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. 
[bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294]*** Unchanged text is omitted ***
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 or DCI format 1_2 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 or DCI format 1_2 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.
A UE does not expect to detect a DCI format switching a DL BWP within [image: ] symbols prior to a first symbol of a PUCCH transmission where the UE multiplexes HARQ-ACK information, where [image: ] is defined in Clause 9.2.3. 
 If a UE is provided dl-DataToUL-ACK, the 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 or dl-DataToUL-ACKForDCIFormat1_2 for the active DL BWP of a corresponding serving cell.
If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 and if maxNrofCodeWordsScheduledByDCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK information is associated with the first transport block and the UE generates a NACK for the second transport block if harq-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK information with value of ACK for the second transport block if harq-ACK-SpatialBundlingPUCCH is provided. 
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 or DCI format 1_2, 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 and the UE reports corresponding HARQ-ACK information in the PUCCH.
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_0that 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 format1_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 1_2, in any of the [image: ] occasions for candidate PDSCH receptions by DCI format(s) 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 a DCI format that includes a DAI field0_1, 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 DAI field in the DCI format 0_1 is set to '0'; otherwise, [image: ].
[bookmark: _Toc12021474][bookmark: _Toc20311586][bookmark: _Toc26719411][bookmark: _Toc29894844][bookmark: _Toc29899143][bookmark: _Toc29899561][bookmark: _Toc29917298]*** Unchanged text is omitted ***
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 on any serving cell [image: ] 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;
-	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 a DCI format  that includes a DAI field0_1, 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 [image: ] and [image: ] loops, the UE sets [image: ] where [image: ] is the value of the DAI field in DCI format 0_1 or DCI format 0_2 according to Table 9.1.3-2
-	For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 or 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 a DCI format 0_1 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 [image: ] 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 a DCI format 0_1 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 on any serving cell [image: ] 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.
Table 9.1.3-2: Value of DAI in DCI format 0_1 or DCI format 0_2
	DAI
MSB, LSB
	[image: ] 
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release is present, denoted as [image: ] and [image: ]

	0,0
	1
	[image: ]

	0,1
	2
	[image: ]

	1,0
	3
	[image: ]

	1,1
	4
	[image: ]



----------------------------------------------------- End of text proposal ------------------------------------------------------
Conclusion
In this contribution, we analyse the remaining issues for UL control enhancements for URLLC and give the following proposals:
Proposal 1: Additional d2 should be added in the processing time of high priority channel only if the time from the end of the last symbol of the PDCCH associated with the high priority channel to the start of the first symbol of the low priority channel is less than T_proc,2.
· T_proc,2 is the cancellation time needed for the low priority channel, it corresponds to UE processing time capability for the carrier of low priority channel, where u is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH and the low-priority UL transmission and d_2,1=1 is assumed for cancellation
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· FFS whether value of d2 is SCS dependent
Proposal 2: When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot,
· the scheduling timeline of the high priority channel should guarantee that the low priority channel can be cancelled before the start of high priority channel,
· If the high priority channel does not have a corresponding DCI, the timeline is up to UE implementation.
Proposal 3: If a UE does not have the capability to have priority indication in all configured DCI formats when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored, DCI format 0_2/1_2 can still be used to indicate HARQ-ACK/PUSCH priority.
Proposal 4: 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.
Proposal 5: A-SRS triggered by DCI formats other than DCI format 2_3 is treated as low priority.
Proposal 6: Different UE sounding behaviors for collision handling between SR and PUSCH are based on UE capability.
Proposal 7: The priority indication in the activation DCI is not expected to be different from the priority configured for the SPS PDSCH configuration of the configured grant configuration to be activated.
Proposal 8: It is not expected that multiple PUCCHs carrying HARQ-ACKs would overlap with a PUSCH with same priority.
· For PUSCH repetition type B, the PUSCH refers to an actual PUSCH repetition.
Proposal 9: Adopt the following TP for sub-slot definition in 38.213 clause 9.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH. There are a number of  / subslotLength-ForPUCCH slots for an associated PUCCH transmission within a slot of  OFDM symbols as defined in [4, TS 38.211].  
----------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 10: Sub-slot based PUCCH repetition should not be supported.
Proposal 11: Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.
Proposal 12: If the starting point of PDCCH monitoring occasion is used as the reference point of PDSCH TDRA, Rel-15 procedure for Type-1 codebook determination could be reused with some modification:
· for each row in the TDRA table with K0=0, there are one or more corresponding SLIV(s) in a slot and the starting position of SLIV(s) is determined by the configured PDCCH monitoring occasions in the slot.
Proposal 13: For type-2 codebook in Rel-16:
· UE does not expect to multiplex HARQ-ACK information scheduled by DCI formats with different bit widths of the counter DAI in a same HARQ-ACK codebook;
· UE does not expect to multiplex HARQ-ACK information scheduled by DCI formats without counter DAI field in a same HARQ-ACK codebook.
Proposal 14: The first PUCCH resource in the resource set is used in case of 0-bit PRI indication in a DCI.
References
[1]. 3GPP TS 38.213: "NR; Physical layer procedures for control", v16.1.0



image2.wmf
proc,2

T


image3.wmf
1

2,1

=

d


image4.wmf
m


image5.emf
Low priority

High priority DCI

Tproc,2

Tproc,2

>= Tproc,2'+d2

>= Tproc,2'+d2


oleObject1.bin
�

Low priority


High priority


DCI


Tproc,2


>= Tproc,2'+d2



image6.emf
High priority PUSCH

DCI

Tproc,2

Tproc,2

>= max(Tproc,2'+d2,  Tproc,2)

>= max(Tproc,2'+d2,  Tproc,2)

Low priority PUCCH

CC1

CC2


oleObject2.bin
�

High priority PUSCH


DCI


Tproc,2


>= max(Tproc,2'+d2,  Tproc,2)



image7.emf
High priority HARQ-ACK

DCI

Tproc,2

Tproc,2

>= Tproc,2

>= Tproc,2

PDSCH

>= Tproc,1+d2

>= Tproc,1+d2

Low priority PUSCH


oleObject3.bin
�

High priority HARQ-ACK


DCI


Tproc,2


>= Tproc,2



image8.wmf
1

m


image9.wmf
2

m


image10.wmf
2

1

m

m

<


image11.wmf
2

£

J


image12.wmf
m

Q


image13.wmf
r


image14.wmf
(

)

(

)

0

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

RB

CRC

CSI

SR

ACK

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+


image15.wmf
0


image16.wmf
0


image17.wmf
0


image18.wmf
(

)

(

)

j

m

r

Q

N

N

M

O

O

O

O

×

×

×

×

>

+

+

+

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

RB

CRC

CSI

SR

ACK


image19.wmf
(

)

(

)

1

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

RB

CRC

CSI

SR

ACK

+

×

×

×

×

£

+

+

+

j

m

r

Q

N

N

M

O

O

O

O


image20.wmf
1

0

-

<

£

J

j


image21.wmf
1

+

j


image22.wmf
1

-

J


image23.wmf
reported

CSI

N


image24.wmf
CRC

CSI

SR

ACK

O

O

O

O

+

+

+


image25.wmf
c


image26.wmf
c

A

M

,


image27.wmf
U

n


image28.wmf
1

K


image29.wmf
R


image30.wmf
0

K


image31.wmf
UL

DL

-

2

m

m


image32.wmf
DL

m


image33.wmf
UL

m


image34.wmf
3

N


image35.wmf
ACK

O

ACK

ACK

ACK

o

o

o

1

1

0

~

,...,

~

 

,

~

-


image36.wmf
ACK

O


image37.wmf
c

A

M

,


image38.wmf
c

M


image39.wmf
c


image40.emf
0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

13

13

PDCCH monitoring occasion

PDCCH monitoring occasion

PDSCH transmission occasions

PDSCH transmission occasions

Symbol index

Symbol index


oleObject4.bin
�

0


1


2


3


4


5


6


7


8


9


10


11


12


13


PDCCH monitoring occasion


PDSCH transmission occasions


Symbol index



image41.wmf
(

)

1

,

=

c

A

M

C


image42.wmf
(

)

1

,

>

c

A

M

C


image43.wmf
max

CBG/TB,

ACK

HARQ

-

N


image44.wmf
11

CSI

SR

ACK

£

+

+

O

O

O


image45.wmf
ACK

-

HARQ

n


image46.wmf
å

å

å

å

-

=

-

=

-

=

-

=

+

=

1

0

1

0

CBG

received,

,

1

0

1

0

received

,

ACK

-

HARQ

DL

cells

DL

cells

N

c

M

m

c

m

N

c

M

m

c

m

c

c

N

N

n


image47.wmf
received

,

c

m

N


image48.wmf
m


image49.wmf
c


image50.wmf
m


image51.wmf
CBG

received,

,

c

m

N


image52.wmf
c


image53.wmf
2

N


image54.wmf
1

UL

DAI

T

=

-

V


image55.wmf
0

UL

DAI

T

=

-

V


image56.wmf
0

UL

DAI

T

=

-

V


image57.wmf
1

UL

DAI

T

=

-

V


image58.wmf
c


image59.wmf
m


image60.wmf
UL

DAI

2

V

V

temp

=


image61.wmf
UL

DAI

V


image62.wmf
4

UL

DAI

T

=

-

V


image63.wmf
UL

DAI

T

-

V


image64.wmf
X


image65.wmf
1

³

X


image66.wmf
(

)

1

1

4

mod

1

=

+

-

X


image67.wmf
(

)

2

1

4

mod

1

=

+

-

X


image68.wmf
(

)

3

1

4

mod

1

=

+

-

X


image69.wmf
(

)

4

1

4

mod

1

=

+

-

X


image1.emf
9.1                 HARQ - ACK codebook determination   If a UE is provided   pdsch - HARQ - ACK - Codebook - List, the UE can be indicated by   pdsch - HARQ - ACK - Codebook - List   to generate one or two HARQ - ACK codebooks.   If the UE is indicated to generate one HARQ - ACK  codebook,   the HARQ - ACK  codebook is associated with a PUCCH of priority index 0.   If the UE is indicated to  generate two HARQ - ACK codebooks           -           a first HARQ - ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ - ACK  codebook is associated with a PUCCH  of priority index 1           -           the UE is provided first and second for each of { PUCCH - Config ,   UCI - OnPUSCH ,   PDSCH - codeBlockGroupTransmission } by { PUCCHConfigurationList ,   UCI - OnPUSCH - List ,   PDSCH - CodeBlockGroupTransmission - List }, respectively, for use with the   first and second HARQ - ACK codebooks,  respectively   ......   9.2.4       UE procedure for reporting SR   A UE can be configured by   SchedulingRequestResourceConfig   a set of configurations for SR in a PUCCH  transmission using either PUCCH format 0 or PUCCH format 1.  A UE can be configured  by schedulingRequestIDForBFR   a configuration for LRR in a PUCCH transmission using either PUCCH format 0 or  PUCCH format 1. The UE can be configured, by   schedulingRequestPriority   in   SchedulingRequestResourceConfig ,  a  priority index 0 or a priority index 1 for the SR.   If a priority index is not provided for SR, the priority index is 0.   ......      


