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1. Introduction

In RAN1#95, it was concluded that the following detailed aspects need to be taken into account for supporting multiple PUCCHs for HARQ-ACK within a slot [1]:
	Agreements:
•
Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.

Conclusion:

For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:

· How to separate HARQ-ACK multiplexing windows for different PUCCHs?

· How to indicate the starting symbol of different PUCCHs?

· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?

· How to determine dynamic HARQ codebook?

· How to determine semi-static HARQ-ACK codebook?

· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?

· How to determine PUCCH resource for each PUCCH?

· How to do PUCCH resource overriding for HARQ-ACK multiplexing?

· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?


In this contribution, we discuss several consideration points regarding UCI enhancement techniques to be studied from RAN1 point of view. 
2. Multiple PUCCHs for HARQ-ACK within a slot
As per conclusion of the last meeting, we present our views on the consideration points for supporting multiple PUCCHs for HARQ-ACK within a slot as follows.
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. 

How to indicate the starting symbol of different PUCCHs, How to determine PUCCH resource for each PUCCH
For PUCCH resource configuration, two 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. Alternatively, the actual PUCCH resource to be used can be determined by K1. 

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) At least, it would be necessary to include “0” slot into the candidates of K1 for faster HARQ-ACK reporting.
(2) Option 2: In unit of subslots/mini-slots. This option would be simple but with less flexibility of time-domain PUCCH resource allocation.  
(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 determine dynamic HARQ codebook

For dynamic HARQ-ACK codebook, the following options can be considered. 
(1) Option 1: DAI. Particularly, if a UL slot is partitioned into multiple subslots/mini-slots, the rel-15 HARQ-ACK codebook determination mechanism with DAI would be sufficient.

(2) Option 2: DAI + explicit group/codebook indicator. 

How to determine semi-static HARQ codebook

For semi-static HARQ-ACK codebook, the following options can be considered. 

(1) Option 1: If a UL slot is partitioned into multiple subslots/mini-slots, reusing the rel-15 HARQ-ACK codebook determination mechanism can be considered. 
(2) Option 2: If grouping of HARQ-ACK with explicit indicator is considered, it would be necessary to define the maximum number of HARQ-ACK reporting within a given time (e.g., a slot), and then semi-static codebook would be determined by taking candidates of K1 and the maximum number into account. 
How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not
According to current specification, which PUCCH resource set is to be used is determined by payload size, and this can be reused unless otherwise something necessary is to be found. 
How to do PUCCH resource overriding for HARQ-ACK multiplexing
This is related to how HARQ-ACK multiplexing rule is defined. At this stage, considering URLLC HARQ-ACK reporting would require low latency and small payload, the current rule (i.e., the actual PUCCH resource is decided by DCI scheduling the last PDSCH within HARQ-ACK multiplexing window) can be reused. 
Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot
This is highly related to scheduling/HARQ processing timeline, UE processing time capability, and gNB processing time (even if this is beyond scope of standardization.). 
Proposal 1: For supporting multiple PUCCHs for HARQ-ACK within a slot, the above aspects can be taken into account. 

Also, one discussion point would be collision handling of multiple HARQ-ACK transmissions in a slot with PUSCH. In rel-15, simultaneous transmission of PUSCH and PUCCH is not supported. To deal with complicated situation, allowing simultaneous transmission of PUSCH and PUCCH can be revisited. In this case, how to handle power-limited case needs to be discussed. For instance, channel with more stringent BLER requirement needs to be prioritized, and the power of channel with less stringent BLER requirement is firstly reduced until the total transmit power does not exceed Pcmax. If a UE is not capable of (or not configured with) simultaneous transmission of PUSCH and PUCCH, then how to piggyback multiple HARQ-ACK onto PUSCH needs to be figured out. If there is no sufficient time for multiplexing of HARQ-ACK and UL data, rather than dropping HARQ-ACK, it would be beneficial to give another chance to piggyback onto the earliest “possible” PUSCH in terms of UE processing time.  

Proposal 2: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, collision of multiple PUCCH transmissions and PUSCH needs to be further studied. 
3. CSI feedback enhancement

For CSI enhancement, some enhanced reporting/measurement mechanisms have been discussed. Considering UL traffic is not always in buffer, UL grant based A-CSI triggering without UL-SCH could be inefficient especially when PDCCH capacity is not enough. Hence, CSI triggering by DL assignment DCI can be attractive. However, this also requires additional DCI signaling overhead for A-CSI triggering which is not present in current signaling. Considering compact DCI has been discussed in order to achieve more reliability of PDCCH, more DCI signaling overhead might not be a desirable approach. Moreover, new measurement framework needs to be studied and specified, but how beneficial it is questionable compared with relying on the existing framework. 
In this context, it seems further study is still needed on the benefit/necessity of A-CSI triggering by DL DCI. If A-CSI is triggered by DL DCI and thereby is transmitted on PUCCH, the overall performance of the PUCCH transmission might be impacted due to payload increase. Thus, whether or not to separate PUCCH resource for A-CSI from HARQ-ACK also needs to be further investigated. If further resource configuration/reservation is shown to be necessary, how to manage resource needs to be further studied when such mechanism is applied. 

Proposal 3: Further discussion is still needed on benefit/necessity of A-CSI triggering by DL DCI.
4. 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: For supporting multiple PUCCHs for HARQ-ACK within a slot, the above aspects can be taken into account. 

Proposal 2: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, collision of multiple PUCCH transmissions and PUSCH needs to be further studied. 

Proposal 3: Further discussion is still needed on benefit/necessity of A-CSI triggering by DL DCI.

5. Reference

[1] RAN1 Chairman’s notes, RAN1#95. 
