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1 Introduction

In RAN1 #98b meeting, the following conclusion and agreements were made for UCI enhancement for URLLC [1]:

Agreements:

Confirm the following WA with update:
· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determined by an explicit indication (as a new RRC parameter) for each SR resource configuration.
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
Agreements:

2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signalling.
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:

For handling intra-UE collision in R16, 

· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.
Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).

· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.

· FFS details of processing timeline issues, e.g.

· How to handle the case where the timeline condition is not satisfied.

· Necessity of a new timeline.
Agreements:

· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 
Agreements:

R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based.

· Both are sub-slot-based
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.

· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission

· FFS K1
Agreements:

Any sub-slot PUCCH resource is not across sub-slot boundaries.
In this contribution, we discuss some remaining issues on the UCI enhancement for URLLC.
2 Discussion
2.1 HARQ-ACK codebook indication 
It was agreed to support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH. From our point of view, one thing needs to be noted is that HARQ-ACK codebook priority is not equal to service type or processing capability, i.e. URLLC service can also corresponds to low priority HARQ-ACK. As shown in [2], 16 out of 18 scenarios can only use one shot transmission to satisfy 1ms air interface latency and since retransmission would not meet the latency requirement, the HARQ-ACK for one shot URLLC transmission may not be that urgent. That means even it is a URLLC PDSCH, the corresponding HARQ-ACK may still be a low priority one. Besides HARQ-ACK priority, PDSCH priority (or service type/ processing capability) should also be known at PHY layer so that UE can determine whether to process the PDSCH with higher capability and priority
Proposal 1: HARQ-ACK codebook priority is not equal to PDSCH priority and PDSCH priority should also be known at PHY layer.

For SPS, an explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH, we don’t think there is a need to design another mechanism to indicate mapping by activating DCI. Since the periodicity of SPS, which is very directly related to service type and HARQ-ACK codebook mapping, is configured by RRC signalling, the extra flexibility provided by indication HARQ-ACK codebook mapping through activation DCI does not bring clear benefit. 
Proposal 2: No need to support indicating a mapping to corresponding HARQ-ACK codebook by DL SPS activation.
2.2 UCI multiplexing for URLLC
UCI multiplexing within URLLC service has been discussed in last meeting and reusing R15 rules are agreed. But there are still some FFS to be decided.
PF1 HARQ+ PF0 SR
In R15, if SR with PF0 overlaps with HARQ-ACK with PF1, then SR is dropped and only HARQ-ACK with PF1 is transmitted. For R15, generally, SR and HARQ-ACK should both be PF0 or PF1 at the same time to guarantee same coverage. However, if SR PUCCH resource has already been configured with PF0, but based the current channel state, gNB determines the HARQ-ACK should use PF1 to achieve a target coverage, then gNB may indicate UE to transmit HARQ-ACK with PF1. From our point of view, R15 rules can be reused, that is HARQ-ACK will be transmitted while dropping SR. Since URLLC SR is typically configured with short periodicity, delaying the positive SR to a later occasion will not cause much influence.
Proposal 3: For UCI multiplexing of URLLC PF1 HARQ+ PF0 SR, only HARQ-ACK with PF1 is transmitted.
PF2/3/4 HARQ+ SR
Same multiplexing scenario and multiplexing rule has already been defined in R15, and the following agreement was made in R1 #92 meeting,

 Agreements:

· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.

· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.

· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.
In our view, this rule can also be reused for URLLC PF2/3/4 HARQ+PF0/1 SR. However this agreement is mainly for HARQ-ACK overlapping with K SRs from K different SR configurations and for URLLC, since the SR periodicity can be very short, there can be the case that a HARQ-ACK PUCCH resource is overlapped with more than one SR PUCCH resources, as shown in Fig.1. A simple solution for this multiplexing scenario is that, the overall SR information can be regarded as a positive bit if any of the SRs is positive and a negative bit otherwise. After the overall SR information of this SR ID is obtained, the R15 procedure of multiplexing SRs from different SR IDs can be reused.
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Fig.1 a HARQ-ACK PUCCH resource overlaps with two SR PUCCH resources from one SR configuration
Proposal 4: For the case that a HARQ-ACK PUCCH resource overlaps with more than one SR PUCCH resources from one SR configuration, the overall SR information can be regarded as a positive bit if any of the SRs is positive, otherwise, the overall SR information is negative.
Proposal 5: For UCI multiplexing of URLLC PF2/3/4 HARQ+PF0/1 SR, R15 rule can be reused after obtaining the overall SR information of one SR configuration.
2.3 Priority of PUSCH/PDSCH
For dynamic scheduled PUSCH, it was agreed that 2-level PHY priority at least for PHY-layer collision handling is determined by a PHY indication/signalling. From our point of view, the simplest way to determine the PUSCH scheduled by a later UL grant has higher priority, since a reasonable gNB would not schedule an overlapping PUSCH by a later UL grant but with lower priority. The same principle exist in dynamic PDSCH scheduling as well. 
Proposal 6: For dynamic scheduled PUSCH/PDSCH, the one scheduled by a later UL/DL grant has higher priority.

For configured grant PUSCH, it was agreed 2-level PHY priority is determined by an explicit indication (as a new RRC parameter) in each CG configuration. In our opinion, the same mechanism should also be supported in SPS PDSCH. And since the periodicity of CG-PUSCH, which is very directly related to service type, is configured by RRC signalling, the extra flexibility provided by indicating priority for Type2 CG-PUSCH through activation DCI does not bring clear benefit. 
Proposal 7: 2-level PHY priority of SPS PDSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each SPS configuration.

Proposal 8: No need to support indicating PHY-layer priority for Type2 CG-PUSCH through activation DCI.

2.4 Intra-UE collision handling
For intra-UE collision handling at the PHY layer, it was agreed that in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline). Currently we have discussed how to determine the priority of SR, HARQ-ACK, PUSCH or P/SP-CSI, but haven’t touched SRS, PRACH, PUCCH-BFR. In our opinion PRACH should be regard as high priority since the PRACH channel is mostly transmitted when UL channel is out of synchronization and when reestablishing RRC connection, in which cases, the PRACH should be transmitted first otherwise no other data or signaling can be transmitted. For SRS and PUCCH-BFR, their main intention is to do channel measurement and buffer state report, which is not essential especially for URLLC wideband allocation, thus can be regarded as low priority.

Proposal 9: PRACH should be regard as high priority. SRS and PUCCH-BFR can be regarded as low priority. 
3 Conclusions

In this contribution, we present the discussion on UCI enhancement for URLLC. Based on our analysis, we have the following observations and proposals:
Proposal 1: HARQ-ACK codebook priority is not equal to PDSCH priority and PDSCH priority should also be known at PHY layer.

Proposal 2: No need to support indicating a mapping to corresponding HARQ-ACK codebook by DL SPS activation.
Proposal 3: For UCI multiplexing of URLLC PF1 HARQ+ PF0 SR, only HARQ-ACK with PF1 is transmitted.
Proposal 4: For the case that a HARQ-ACK PUCCH resource overlaps with more than one SR PUCCH resources from one SR configuration, the overall SR information can be regarded as a positive bit if any of the SRs is positive, otherwise, the overall SR information is negative.
Proposal 5: For UCI multiplexing of URLLC PF2/3/4 HARQ+PF0/1 SR, R15 rule can be reused after obtaining the overall SR information of one SR configuration.
Proposal 6: For dynamic scheduled PUSCH/PDSCH, the one scheduled by a later UL/DL grant has higher priority.

Proposal 7: 2-level PHY priority of SPS PDSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each SPS configuration.

Proposal 8: No need to support indicating PHY-layer priority for Type2 CG-PUSCH through activation DCI.

Proposal 9: PRACH should be regard as high priority. SRS and PUCCH-BFR can be regarded as low priority. 
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