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1. Introduction

In RAN#83, the following objectives regarding UCI enhancements were approved as PHY layer enhancements for URLLC [1] and industrial IoT [2], respectively:
	URLLC WID [1]
· Specification of UCI enhancements [RAN1]

· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
IIoT WID [2]

· Address UL data/control and control/control resource collision by:

· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].

· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].


In this contribution, we discuss several consideration points regarding the above UCI enhancements to be specified from RAN1 point of view. 
2. Multiple PUCCHs for HARQ-ACK within a slot 

How to separate HARQ-ACK multiplexing windows for different PUCCHs

According to the current specification, the UE can determine HARQ-ACK codebook (note: we assume HARQ-ACK multiplexing window is equivalent to HARQ-ACK codebook) for one PUCCH within a slot by taking into account configured set of processing times (k1), PDCCH monitoring occasions, configured set of PDSCH reception occasions (k0), and configured number of CCs/TBs/CBGs. The following options can be further considered. 
(1) Option 1: A UL slot can be partitioned into multiple subslots/mini-slots and subslot/mini-slot granularity of PDSCH-to-HARQ-ACK processing time (i.e., finer K1) can be indicated.

(2) Option 2: Grouping ACK/NACKs can be considered by introducing explicit indicator in DL assignment DCI. Specifically, a set of PDSCHs can be grouped corresponding to HARQ-ACK feedback on a PUCCH, and the indicator will provide which group each PDSCH belongs to via the corresponding DL assignment DCI. Such grouping information can be indicated via a new/existing field of DCI format scheduling URLLC. 
How to indicate K1, e.g., in unit of slot, half-slot, a number of symbols or symbol

For indication of K1, three following options can be taken into account:
(1) Option 1: In unit of slots. (reuse the current specification) 
(2) Option 2: In unit of subslots/mini-slots. This option would fit into sub-slot-based HARQ-ACK feedback procedure but with less flexibility of time-domain PUCCH resource allocation than option 3.  
(3) Option 3: In unit of symbols. This option would provide the most flexibility in terms of time-domain PUCCH resource allocation.

Furthermore, the combinations between the above options can be considered. For instance, some of K1 candidates are in unit of symbols or subslots/mini-slots whereas others are still in unit of slots. 

How to indicate the starting symbol of different PUCCHs, How to determine PUCCH resource for each PUCCH

For PUCCH resource configuration, following options can be envisioned. 

(1) Option 1: If a UL slot is partitioned into multiple subslots/mini-slots, then the starting symbol of PUCCH can be fixed to the starting symbol of subslot/mini-slot. Or, the starting symbol of PUCCH can be determined by “startingPRB” of PUCCH resource configuration in the current specification from the first symbol of subslot/mini-slot. 

(2) Option 2: Multiple starting symbol (and length) of PUCCH resources are associated with one state indicated by PRI field, and the actual PUCCH resource to be used is determined by group/codebook indicator or any other explicit indication. If sub-slot-based HARQ-ACK feedback procedure is considered, the actual PUCCH resource to be used can be determined by K1. 

(3) Option 3: If a slot is partitioned into multiple subslots/mini-slots, starting symbol and length of PUCCH resource within each subslot/mini-slot can be derived by PRI field indicating one state associated with one starting symbol and length. The starting symbol can be started from each subslot/mini-slot boundary. 
Proposal 1: To support multiple PUCCHs for HARQ-ACK within a slot, slot partitioning and finer K1 granularity or grouping HARQ-ACK with indicator can be further considered.

3. HARQ-ACK codebook for supporting different service types
	Agreements: (RAN1#96)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 

· FFS in potential WI the details of the PHY identification
Agreements: (RAN1#96)
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to trranmit in resources overlapping in time

· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week


HARQ-ACK codebook identification
It was agreed as above that a HARQ-ACK codebook for supporting different service types can be identified based on some PHY indications/properties. In fact, service/traffic type identification in PHY layer has been intensively discussed and various means have been identified (e.g., RNTI/explicit bit flag/search space/etc), which can be also applied to HARQ-ACK codebook identification. 
Proposal 2: HARQ-ACK codebook for supporting different service types is identified based on PHY indication. FFS on PHY indication among RNTI/search space/DCI field/DCI format. 
PUCCH resource
One option would be that PUCCH resource set can be still determined based on the payload size. On the other hand, PUCCH resource can be configured per service/traffic type. For instance, if PHY indication is introduced and one PRI state is connected with two PUCCH resources, then based on PHY indication, PUCCH resource for a certain service/traffic type would be determined. These two resources may be overlapped or non-overlapped, which seems up to gNB configuration. Alternatively, PUCCH resource set can be separately configured for two HARQ-ACK codebooks. 
Proposal 3: PUCCH resource (set) configuration per service/traffic type can be considered.
Applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

One fundamental question would be whether the additional higher layer parameter (pdsch-HARQ-ACK-Codebook) is to be defined in order to separately configure the type of two HARQ-ACK codebooks. Considering that URLLC scheduling may happen sporadically, the benefit from configuring semi-static codebook for URLLC seems questionable. In this sense, separate configuration of HARQ-ACK codebook type for different service types can be further taken into consideration. In order to restrain HARQ-ACK codebook size for URLLC, which is related to reliability of PUCCH containing HARQ-ACK, only supporting dynamic codebook for URLLC can be also considered. 
Proposal 4: Separate codebook type configuration per service/traffic type can be considered.
Whether or not CBG configuration is supported for Rel-16 URLLC
CBG configuration would be more useful as TB consists of CBGs as many possible. Considering that the packet size is typically small for URLLC, we think that CBG configuration is not that essentially necessary for rel-16 URLLC. 
Proposal 5: CBG configuration is not supported for rel-16 URLLC.
4. Resource collision of PUCCH/PUCCH and PUCCH/PUSCH 

Collision of UL control/control resource
One discussion point would be how to transmit PUCCH if separate codebook is assumed for different service/traffic type. This is also related to how to handle intra-UE multiplexing in case of scenario 4 (i.e., intra-UE UL prioritization – resource conflict between control channel and control channel). The final solution would be different depending on whether or not to allow multiplexing of HARQ-ACK for eMBB and URLLC onto a single PUCCH. 
If multiplexing of HARQ-ACK for eMBB and URLLC onto a single PUCCH is allowed, the maximum allowable coding rate can be independently configured for eMBB HARQ-ACK and URLLC HARQ-ACK, and the final payload can be adjusted by suppressing eMBB HARQ-ACK or enlarging URLLC HARQ-ACK. Moreover, the current multiplexing rule with processing timeline check needs to be reconsidered. For instance, if timeline check is satisfied, multiplexing can be done with using e.g., maximum coding rate per service/traffic type; otherwise, eMBB HARQ-ACK can be dropped. Furthermore, timeline check can be retried with excluding the channel(s) (containing eMBB HARQ-ACK) to be dropped. Meanwhile, when multiplexing between eMBB and URLLC UCI happens, at least CSI (e.g., CSI part 2) can be dropped for reliable transmission of URLLC UCI. 

If multiplexing of HARQ-ACK for eMBB and URLLC onto a single PUCCH is not allowed, then a simple option would be to drop eMBB UCI including eMBB HARQ-ACK. 

In our view, it seems that parallel transmission of two PUCCHs requires much specification efforts and large impact to RAN2 work, which looks undesirable and thus should be avoided. 

Proposal 6: If PUCCH resources carrying eMBB HARQ-ACK/SR/CSI and carrying URLLC HARQ-ACK are overlapped in time, 
· Multiplexing onto one PUCCH is supported. 
· Prioritizing one PUCCH over another PUCCH is supported.
· FFS details (e.g., dropping condition/timeline check/maximum coding rate/etc).
Collision of UL data/control resource
Another discussion point would be how to handle PUCCH/PUSCH collision. In rel-15, simultaneous transmission of PUSCH and PUCCH is not supported. If simultaneous transmission of PUSCH and PUCCH is allowed, most of collision cases may be handled simply. However, considering the potential issue due to power-limited case and/or lack of the simultaneous transmission capability, still some collision handling needs to be investigated anyhow. In this sense, considering the work load and given time unit, it is a bit questionable how beneficial specifying such simultaneous transmission in this WI is. 

In case of collision of UL data and control resources, whether/how to allow multiplexing of UCI and PUSCH need to be further investigated; for example, separate beta offset configuration, partial/entire dropping of lower priority UCI (e.g., eMBB UCI). If timeline check is satisfied, multiplexing can be done with using e.g., beta offset per service/traffic type; otherwise, eMBB HARQ-ACK can be dropped. Furthermore, timeline check can be retried with excluding the channel(s) (containing eMBB HARQ-ACK) to be dropped.

Proposal 7: If PUCCH and PUSCH resources with different service/traffic type(s) are overlapped in time, 

· Multiplexing onto PUSCH is supported. 
· Dropping one of PUCCH(s) is supported. 
· FFS details (e.g., dropping condition/timeline check/beta offset/etc).
5. Conclusions

In this contribution, we discussed several aspects on UCI enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: To support multiple PUCCHs for HARQ-ACK within a slot, slot partitioning and finer K1 granularity or grouping HARQ-ACK with indicator can be further considered.

Proposal 2: HARQ-ACK codebook for supporting different service types is identified based on PHY indication. FFS on PHY indication among RNTI/search space/DCI field/DCI format. 
Proposal 3: PUCCH resource (set) configuration per service/traffic type can be considered.
Proposal 4: Separate codebook type configuration per service/traffic type can be considered.

Proposal 5: CBG configuration is not supported for rel-16 URLLC.
Proposal 6: If PUCCH resources carrying eMBB HARQ-ACK/SR/CSI and carrying URLLC HARQ-ACK are overlapped in time, 

· Multiplexing onto one PUCCH is supported. 
· Prioritizing one PUCCH over another PUCCH is supported.
· FFS details (e.g., dropping condition/timeline check/maximum coding rate/etc).
Proposal 7: If PUCCH and PUSCH resources with different service/traffic type(s) are overlapped in time, 

· Multiplexing onto PUSCH is supported. 
· Dropping one of PUCCH(s) is supported. 
· FFS details (e.g., dropping condition/timeline check/beta offset/etc).
6. Reference

[1] RP-190726, “New WID: Physical layer enhancements for NR ultra-reliable and low latency communications (URLLC),” Huawei, HiSilicon. 
[2] RP-190728, “New WID: Support of NR Industrial Internet of Things (IoT),” Nokia, Nokia Shanghai Bell.
