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1 Introduction

At the RAN1 #99 meeting, the following working assumptions and agreements were reached on URLLC UCI enhancement:

Working assumption:

When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 

· bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0
Working assumption:

· For handling the overlapped SR with high PHY priority and PUSCH with high PHY priority, no new mechanism in Rel-16 from RAN1 perspective. 
· Can be revisited especially if there is update from RAN2

Agreements:

No PHY priority is defined for PRACH for intra-UE collision handling within a carrier.
· It is per UE implementation for handling the collision.

Agreements:

· P/SP-SRS and A-SRS triggered by DCI format 2_3 are treated with low priority.

· FFS the priority of A-SRS triggered by other DCI formats – revisit on Friday

Agreements:

· The priority of a PUCCH-BFR resource is indicated the same way as a SR resource
Agreement
To resolve collision between UL transmissions, a UE performs the following: 

· Step 1: Resolve collision between UL transmissions with same priority. 

· Step 2: Resolve collision between UL transmissions with different priorities.

Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 

· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where

· Tproc,2 is 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
Agreement

When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 

· The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols
In this contribution, we discuss the remaining issues for UL control enhancements for URLLC.
2 Discussion

2.1 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
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· 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 1: 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.
-------------------------------------------------- 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 ------------------------------------------------------
2.2 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 2: A-SRS triggered by DCI formats other than DCI format 2_3 is treated as low priority.

2.3 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 last 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: image3.wmf]proc,2
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	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: image5.wmf]proc,2

T

 for the corresponding UE processing capability [6, TS 38.214] assuming [image: image6.wmf]1
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 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 of Rel-16 URLLC and Rel-15 are:

1) Additional time d1 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 the additional time d1. 

Observation 1:  Addition of d1 is not needed in Rel-16 cancellation timeline.
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 overlapping timeline condition between the low priority and the high priority channel is satisfied, 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 the overlapping timeline condition include the timeline for UCI multiplexing (defined in section 9.2.5 in [3]) and the timeline for overlapping between CG PUSCH and DG PUSCH(defined in section 6.1 in [4]).
If the overlapping timeline condition is not satisfied, the 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, whether d2 is associated with SCS should be further considered. 
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Figure 1 Example of additional d2 needed in the processing time of high priority channel
Proposal 3:  Additional d2 should be added in the processing time of high priority channel only when the overlapping timeline condition is not satisfied.

· The overlapping timeline condition includes the timeline for UCI multiplexing (defined in section 9.2.5 in TS 38.213 [3]) and the timeline for overlapping between CG PUSCH and DG PUSCH (defined in section 6.1 in TS 38.214 [4])
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· FFS whether d2 is associated with SCS
Another issue is that it is not clear whether the agreement is for single cell or for multiple cells. In our opinion, it should be applied for UL channel overlapping on single cell and multiple cells wherein PUCCH and PUSCH overlap in time domain on different cells within a cell group. 

For the case of PUCCH and PUSCH overlapping on different cells, we should consider how to determine Tproc,2 for low priority channel cancellation. Similar as SFI or dynamic DL cancels a configured UL transmission. UE is expected to cancel the low-priority UL transmission starting from Tproc,2 after the end of PDCCH scheduling the high-priority transmission, where N2 is selected based on the UE PUSCH processing capability of the serving cell with low-priority UL transmission if configured, N2 is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the serving cell with low priority UL transmission. u is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH and the low-priority UL transmission. d_2,1=1 is assumed for cancellation.

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 larger than the cancellation time and the minimum processing time needed for the high priority channel preparation. As an example in Figure 2, a low priority channel 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,  then the timing between the PDCCH scheduling the PUSCH and the PUSCH should be larger than max(Tproc,2, Tproc,2’+d2).
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Figure 2: Timeline required for high priority PUSCH when it overlaps with a low priority channel
Another example is shown in Figure 3, if the processing time for a high priority HARQ-ACK is Tproc,1, then the timing between the PDCCH used for DCI corresponding to the HARQ-ACK and the PUCCH for HARQ-ACK should be larger than Tproc,2, and the timing between the PDSCH corresponding to the HARQ-ACK and PUCCH for HARQ-ACK should be larger than Tproc,1+d2 when the high priority HARQ-ACK overlapping with a low priority channel, where Tproc,2 is the cancellation time for the low priority channel.
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Figure 3: Timeline required for high priority HARQ-ACK when it overlaps with a low priority channel

Proposal 4:  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 after the end of PDCCH scheduling the high-priority transmission, where
· N2 is selected based on the UE PUSCH processing capability of the serving cell with low-priority UL transmission if configured, N2 is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the serving cell with low-priority UL transmission.
· u is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH and the low-priority UL transmission. 

· d_2,1=1 is assumed for cancellation.
· When the high priority channel is PUSCH, the timing from the end of the PDCCH scheduling the PUSCH to the first symbol of the PUSCH should be larger than max(Tproc,2, Tproc,2’+d2), where 
· Tproc,2 is the cancellation time for the low priority channel, which is determined by the parameters of the DCI for the high priority PUSCH and the low priority channel,

· Tproc,2’ is the minimum processing time for the high priority PUSCH, which is determined by the parameters of the DCI for the high priority PUSCH and the high priority PUSCH
· When the high priority channel is PUCCH for HARQ-ACK, the timing from the end of the PDCCH corresponding to the PUCCH to the first symbol of the PUCCH should be larger than Tproc,2, and the timing from the end of the PDSCH corresponding to the PUCCH to the first symbol of the PUCCH  should be larger than Tproc,1+d2, where
· Tproc,2 is the cancellation time for the low priority channel, which is determined by the parameters of the DCI for the high priority PUSCH and the low priority channel,

· Tproc,1 is the minimum processing time for the high priority HARQ-ACK, which is determined by the parameters of the DCI, the PDSCH and the PUCCH for the high priority HARQ-ACK.
2.4 UL channel overlapping between UL transmissions with same priority
There are some leftover issues for UL channel overlapping between UL transmissions with same priority. The first issue is that since sub-slot based HARQ-ACK can be configured, it is possible that multiple PUCCHs carrying HARQ-ACKs overlapping with another PUCCH carrying CSI/SR with same priority, there is no multiplexing rule defined in Rel-15 for this case, the following options can be considered to resolve the issue:

· Option 1: Drop CSI/SR
· Option 2: Avoid such overlapping cases
· Option 3: Define new multiplexing rules
For option 1, the CSI/SR is dropped, but this will increase the URLLC latency if URLLC SR is dropped. For option 2, it can be realized by limiting CSI/SR resource within a sub-slot, since HARQ-ACK resource is limited within a sub-slot, a PUCCH with CSI/SR can only overlap with one PUCCH for HARQ-ACK. For option 3, it is a little complicated since there are different overlapping cases to be considered, the detailed multiplexing rule should be defined for each case. For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUCCH carrying CSI, we prefer to drop CSI since HARQ-ACK is more important than CSI. For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUCCH carrying SR, we prefer option 2 since it is simple and there is no impact to performance.

Proposal 5: For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUCCH carrying CSI with same priority, it is proposed to drop CSI.
Proposal 6: For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUCCH carrying SR with same priority, avoid such overlapping case by limiting both the PUCCH resource for SR and the PUCCH resource for HARQ-ACK within a sub-slot.
Another issue is that multiple PUCCHs carrying HARQ-ACKs overlapping with one PUSCH with same priority, there is no multiplexing rule defined in Rel-15 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.
Proposal 7: For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUSCH with same priority, avoid the case by gNB implementation.
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: image11.wmf]1
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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 PUCCH for SR to overlap with more than one PUCCHs for HARQ-ACK if the overlapping PUCCHs are of same priority.

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 would transmit a PUCCH for CSI report(s) that overlaps with more than one PUCCHs for HARQ-ACK, and the overlapping PUCCHs are of same priority, the UE drops the CSI report(s) and only transmit the PUCCHs for HARQ-ACK.

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 ------------------------------------------------------
2.5 Type-1 codebook for URLLC
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 as discussed in [2], 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 8: 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 ------------------------------------------------------
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 codebook if  a UE is provided subslotLength-ForPUCCH for the 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. 

----------------------------------------------------- End of text proposal ------------------------------------------------------
2.6 Correction for sub-slot based PUCCH
In Rel-16, sub-slot based transmission was agreed for HARQ-ACK only. In other words, SR and CSI are not limited to use sub-slot based transmission if a UE is provided subslotLength-ForPUCCH. A text proposal is provided below for slot determination in 38.213 section 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 for HARQ-ACK includes a number of symbols indicated by subslotLength-ForPUCCH.
----------------------------------------------------- End of text proposal ------------------------------------------------------
In addition, if a UE is provided subslotLength-ForPUCCH, there is no need to limit the number of PUCCHs in a slot to be no more than two, or to limit no more than one long PUCCH type. A text proposal is provided below for PUCCH resource utilization in 38.213 section 9.2.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot if a UE is not provided with two PUCCH-Config or subslotLength-ForPUCCH. When the UE transmits two PUCCHs in a slot and the UE is not provided ACKNACKFeedbackMode = SeparateFeedback and the UE is not provided with two PUCCH-Config or subslotLength-ForPUCCH, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.
----------------------------------------------------- End of text proposal ------------------------------------------------------
2.7 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 ------------------------------------------------------
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. 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. 
*** Unchanged text is omitted ***
9.1.2.1
Type-1 HARQ-ACK codebook in physical uplink control channel
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 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: image19.wmf]1
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 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: image20.wmf]c
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 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 DCI format 1_2 for serving cell [image: image22.wmf]c
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 is provided by dl-DataToUL-ACK for DCI format 1_1 and by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2
b)
on a set of row indexes [image: image24.wmf]R

 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: image25.wmf]0
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, start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]
c)
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 between the downlink SCS configuration [image: image27.wmf]DL

m

 and the uplink SCS configuration [image: image28.wmf]UL
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 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.
*** 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: image29.wmf](

)

1

,

=

c

A

M

C

, 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
-
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 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: image32.wmf]3
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 symbols prior to a first symbol of a PUCCH transmission where the UE multiplexes HARQ-ACK information, where [image: image33.wmf]3
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 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. 
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 HARQ-ACK information bits, for a total number of [image: image35.wmf]ACK
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 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: image36.wmf]c
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 corresponding to the HARQ-ACK information bits.
*** Unchanged text is omitted ***
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 for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as [image: image41.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

 where 

-
[image: image42.wmf]received

,

c

m

N

 is the number of transport blocks the UE receives in PDSCH reception occasion [image: image43.wmf]m
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 if harq-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number of transport blocks the UE receives in PDSCH reception occasion [image: image45.wmf]m

 for serving cell [image: image46.wmf]c

 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: image47.wmf]m
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 and the UE reports corresponding HARQ-ACK information in the PUCCH.
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 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 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: image52.wmf]c

M

 occasions for candidate PDSCH receptions by DCI formats or SPS PDSCH on any serving cell [image: image53.wmf]c

, 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 or DCI format 1_2 with a counter DAI field value of 1 on the PCell in the [image: image54.wmf]c
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 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 scheduling the PUSCH transmission.

A UE does not expect to detect a DCI format switching a DL BWP within [image: image55.wmf]2
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 symbols prior to a first symbol of a PUSCH transmission where the UE multiplexes HARQ-ACK information, where [image: image56.wmf]2
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 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 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 is [image: image57.wmf]1
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 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: image58.wmf]0
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 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: image59.wmf]c
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 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: image60.wmf]0
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*** 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: image62.wmf]c

 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 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 [image: image63.wmf]c

 and [image: image64.wmf]m
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 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 with DAI field value [image: image67.wmf]4
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 and the UE has not received any PDCCH within the monitoring occasions for PDCCH with a DCI format for scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: image68.wmf]c

 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 a format with first DAI field value [image: image69.wmf]4
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 or with second DAI field value [image: image70.wmf]4
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 and the UE has not received any PDCCH within the monitoring occasions for PDCCH with a DCI format, respectively, for scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: image71.wmf]c

 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
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	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: image73.wmf]X
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----------------------------------------------------- End of text proposal ------------------------------------------------------
3 Conclusion
In this contribution, we analyse the remaining issues for UL control enhancements for URLLC and give the following proposals:
 Proposal 1: The first PUCCH resource in the resource set is used in case of 0-bit PRI indication in a DCI.
Proposal 2: A-SRS triggered by DCI formats other than DCI format 2_3 is treated as low priority.

Proposal 3:  Additional d2 should be added in the processing time of high priority channel only when the overlapping timeline condition is not satisfied.

· The overlapping timeline condition includes the timeline for UCI multiplexing (defined in section 9.2.5 in TS 38.213 [3]) and the timeline for overlapping between CG PUSCH and DG PUSCH (defined in section 6.1 in TS 38.214 [4])
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· FFS whether d2 is associated with SCS
Proposal 4:  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 after the end of PDCCH scheduling the high-priority transmission, where
· N2 is selected based on the UE PUSCH processing capability of the serving cell with low-priority UL transmission if configured, N2 is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the serving cell with low-priority UL transmission.
· u is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH and the low-priority UL transmission. 

· d_2,1=1 is assumed for cancellation.
· When the high priority channel is PUSCH, the timing from the end of the PDCCH scheduling the PUSCH to the first symbol of the PUSCH should be larger than max(Tproc,2, Tproc,2’+d2). 
· Tproc,2 is the cancellation time for the low priority channel, which is determined by the parameters of the DCI for the high priority PUSCH and the low priority channel,

· Tproc,2’ is the minimum processing time for the high priority PUSCH, which is determined by the parameters of the DCI for the high priority PUSCH and the high priority PUSCH
· When the high priority channel is PUCCH for HARQ-ACK, the timing from the end of the PDCCH corresponding to the PUCCH to the first symbol of the PUCCH should be larger than Tproc,2, and the timing from the end of the PDSCH corresponding to the PUCCH to the first symbol of the PUCCH  should be larger than Tproc,1+d2

· Tproc,2 is the cancellation time for the low priority channel, which is determined by the parameters of the DCI for the high priority PUSCH and the low priority channel,

· Tproc,1 is the minimum processing time for the high priority HARQ-ACK, which is determined by the parameters of the DCI, the PDSCH and the PUCCH for the high priority HARQ-ACK.
Proposal 5: For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUCCH carrying CSI with same priority, it is proposed to drop CSI.
Proposal 6: For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUCCH carrying SR with same priority, avoid such overlapping case by limiting both the PUCCH resource for SR and the PUCCH resource for HARQ-ACK within a sub-slot.
Proposal 7: For multiple PUCCHs carrying HARQ-ACKs overlapping with another PUSCH with same priority, avoid the case by gNB implementation.
Proposal 8: Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback in Rel-16.
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