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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding potential enhancements to UCI, following agreements and conclusion are made in the previous meeting [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 share our views on UCI enhancements for URLLC.
2. [bookmark: OLE_LINK12]Discussion
2.1. General consideration
As per agreement achieved in last meeting, multiple PUCCHs for HARQ-ACK within a slot should be supported in R16. Note that this feature is a generic enhancement for Rel-16 not limited to URLLC only UEs. In latest RAN2 meeting, a few targeted intra-UE prioritization/multiplexing scenarios have been discussed and identified [1]. In addition, several scenarios about intra-UE multiplexing between different services were summarized by feature leader, such as 
· URLLC UCI and eMBB UCI within a slot, 
· URLLC UCI and PUSCH within a slot, 
· eMBB UCI and URLLC PUSCH within a slot
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, in our view, at the stage, the HARQ/scheduling mechanism for URLLC only case is unclear yet. To simplify the discussion and facilitate standardization process, we suggest to consider single service only case first, and then intra-UE multiplexing for different services (e.g., URLLC and eMBB) can be further considered when specifications are being developed.
Proposal 1: UEs with single service is prioritized in the design of eURLLC UCI.
2.2. Answers to the question from RAN1#95
It has been agreed that multiple PUCCHs for HARQ-ACK within a slot should be supported in R16. To support such feature, many aspects need to be considered as followings. And these are also the questions from outcome of RAN1#95 discussion.
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
In NR R15, there is at most one PUCCH transmission for HARQ-ACK within one slot, the HARQ-ACK codebook determination, PUCCH resource determination and pseudo code for multiplexing are running per slot. To support multiple PUCCHs for HARQ-ACK feedback within a slot, the following two alternatives were discussed last meeting, that is,
· Alt 1: HARQ-ACK is always transmitted in the PUCCH resource indicated by DCI, and PDSCHs indicating the same PUCCH resource have their HARQ-ACK bits multiplexed together. There is no overriding of PUCCH resource in the later DCI. 
For Alt 1, the benefit of this alternative is that the specification and UE behaviours are simple. One problem is that UE has to determine whether the PUCCH resource(s) for HARQ-ACK transmission will be overlapped by later PUCCH transmission(s) within the slot. The reason is that different PUCCHs transmission may be partial overlapped. 
 [image: ] 
Figure 1 examples for multiple PUCCHs for HARQ-ACK within a slot
As shown in Figure 1, the 2nd PDCCH indicated a 2-symbol PUCCH and the 3rd PDCCH indicated another 2-symbol PUCCH, and the two PUCCH are partial overlapped. Then UE needs to multiplex HARQ-ACK feedback for the two PDSCHs. However, unfortunately, this procedure may be iterated considering the later PDSCH scheduling.  Therefore, transmission delay will be an issue.
To solve this, one solution is that UE monitors limited number of PUCCH transmission for HARQ-ACK and determines whether to multiplex all these HARQ-ACK bits.
· Alt 2: follow the Rel-15 mechanism but use a smaller time-domain granularity (e.g. half-slot) instead of a slot
For Alt 2, it is similar to that of NR R15 in sub-slot level rather than slot for all HARQ-ACK process, such as HARQ-ACK codebook determination, PUCCH resource determination, UCI multiplexing, etc. 
To some extent, the benefit of this alternative is that by dividing the time-domain granularity from one-slot to ‘sub-slot’, all the descriptions defined in the specification for HARQ-ACK timing, codebook determination (a.k.a, pseudo-code defined for HARQ-ACK codebook determination in TS38.213) can be reused by simple replacing ‘slot’ by ‘sub-slot’. For example, one slot is divided into multiple sub-slots, the PUCCHs for HARQ-ACK transmission that falls within one sub-slot are multiplexed together. Different HARQ-ACK feedback for different PDSCHs will be multiplexed to one PUCCH which is determined based on HARQ-ACK payload and PRI. 
With regards to partition of sub-slot, the followings need to be considered,
· Partition of the sub-slot should be configured by RRC considering different latency requirements. For example, 7-symbol, 4-symbol or 2-symbol sub-slot can be considered
· Handling of sub-slot and SFI should be considered. 
· Sub-slot should be partitioned within the whole slot regardless of the DL/UL configuration by semi-static or dynamic SFI. Only the sub-slots containing UL/flexible symbols are possible for PUCCH transmissions. 
· Use of sub-slots for timing reference of HARQ-ACK feedback
· Sub-slot is used to determine the reference point of K1, and the PDSCH can be transmitted across different sub-slots. K1 can be relative to the boundary of sub-slot containing last symbol of PDSCH. But for uplink, the PUCCH transmission is confined within the sub-slot.
Proposal 2: To separate HARQ-ACK multiplexing windows for different PUCCHs, Rel-15 mechanism can be reused but with a smaller time-domain granularity (e.g. sub-slot) instead of a slot. In particular
· The sub-slot length is configured by RRC
· The whole slot is partitioned into multiple sub-slots regardless of DL/UL configuration for the slot
· A PDSCH can be transmitted across sub-slots. HARQ-ACK timing K1 is derived relative to the sub-slot boundary containing the last symbol of PDSCH
· A PUCCH transmission is confined within a sub-slot
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol? How to indicate the starting symbol of different PUCCHs?
The indication of the starting of PUCCH is in relation to the indication of K1. To support multiple feedback within a slot, the following indication schemes of K1 and starting symbol of PUCCH can be considered.
· Alt 1: symbol-level K1 
· K1 is configured and indicated in symbol-level, e.g., dl-DataToUL-ACK is configured by means of  the number of symbols between given PDSCH to the DL ACK
· K1 is relative to the last symbol of PDSCH
· Therefore, the PUCCH starting symbol can be
· relative to the last symbol of PDSCH + K1 symbols, or
· relative to the boundary of sub-slot containing the last symbol of PDSCH + K1 symbols
· Alt 2: sub-slot level K1 
· K1 is configured and indicated in sub-slot-level, e.g., dl-DataToUL-ACK is configured by means of  the number of sub-slots between given PDSCH to the DL ACK
· K1 is relative to the boundary of sub-slot containing last symbol of PDSCH
· Therefore , the PUCCH start symbol is relative to the boundary of the K1th sub-slot after the sub-slot containing last symbol of PDSCH
· Alt 3: Slot K1 + symbol-level K1'
· usage of  K1 is same as that in NR R15, and is relative to the slot containing the last symbol of PDSCH
· Symbol-level K1' is relative to the slot boundary indicated by slot K1. It can be a new introduced filed in DCI or is the PUCCH starting symbol of PUCCH indicated by PRI.
· Alt 4: Slot K1 + sub-slot K1'
· usage of  K1 is same as that in NR R15, and is relative to the slot containing the last symbol of PDSCH
· Introduce new field to indicate K1’. K1’ is the number of sub-slots relative to the boundary of slot containing PUCCH transmission.
· The PRI can further indicate the start symbol of PUCCH.
· Alt 5: Slot K1 + symbol-level/sub-slot (re-interpret part of the legacy K1 field)
· Some of the K1 values denotes the number of symbols or sub-slot between the PDSCH reception/DL SPS release and the PUCCH transmission. 
· Some of the K1 values denotes the number of slots between the PDSCH reception/DL SPS release and the PUCCH transmission. And in such case, the RRC configured startingSymbolIndex is used to determine the start symbol index of PUCCH within the slot.
Considering all the alternatives listed, if sub-slot is introduced in Rel-16 eURLLC, then for simple specification change, it is proposed that K1 is interpreted as sub-slot level. 
Proposal 3: For K1 and PUCCH starting symbol indication, it is proposed that
·  K1 is reinterpreted in sub-slot level. K1 indicates the number of sub-slots between PUCCH transmission and the sub-slot containing the last symbol of PDSCH
· The PUCCH starting symbol is relative to the boundary of sub-slot indicated by K1
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not? 
Generally, eMBB and URLLC service have the different latency requirements. Uniform PUCCH resource set configuration for eMBB and URLLC is not suitable. It is reasonable that multiple resource sets are configured for UE supporting both two service types. But at first step PUCCH resource sets configuration for single service UE should be clarified. For URLLC only UE, NR R15 PUCCH resource set configuration mechanism can be a starting point. 
Proposal 4: For UEs with single service, single PUCCH resource set configuration should be investigated firstly. 
For URLLC, it is proposed to support per CORESET PUCCH resource configuration. Some of the advantages for per CORESET PUCCH resource configuration over per BWP can be as follows, e.g.,
· Support of multi-TRP. The TCI can be configured per CORESET for each UE. Hence, it is naturally that PDCCH from multiple TRPs are monitored by assigning different CORESETs. If PUCCH transmissionst from different TRPs are not multiplexed, e.g., independent PUCCH transmission for different TRPs, the specification design can be largely simplified. In order to allow this, per CORESET configured PUCCH resource should be introduced. With such specification change, each TRP can have independent PUCCH resources.
· Reducing the PUCCH blocking probability. This can be achieved by assigning PDCCH in different CORESETs, which corresponds to different PUCCH resources.
· Flexible PUCCH resource determination. For example, by configuring different start symbols of the PUCCH for different CORESETs, gNB can scheduling different PUCCH transmission timings by assigning PDCCH in different CORESETs.
Proposal 5: Per CORESET PUCCH resource configuration should be considered.
· How to determine PUCCH resource for each PUCCH?
In URLLC HARQ-ACK payload size generally small. In current scheme, PUCCH resource set is determined by UCI payload size and PRI indicates the PUCCH resource within the resource set. For small payload size cases, resource set determination mechanism may be improved. For the first resource set, 2 bits payload size is fixed in R15. It can be FFS whether this value need to be changed for URLLC. 
On the other hand, so far the determination of the PUCCH resource set is based on payload size of UCI. For URLLC from multi-TRP, one TRP may not have the knowledge of the total UCI bits from two TRPs. Therefore, it is better to not dynamic adapt the PUCCH resource set based on total UCI payload. For example, by allowing configuring only one configured PUCCH RESET and the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits.
Proposal 6: PUCCH resource indication by PRI can be reused. With only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits. 
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
The maximum number of PUCCH transmission for HARQ-ACK allowed in a slot is relative to PUCCH duration, 
· 7, if PUCCH duration is 2 symbols
· 14, if  PUCCH duration is 1 symbol
· X (<7), if sub-slot is supported
In our opinion, it is necessary to allow maximum 14 PUCCHs carrying HARQ-ACK in a slot. The following reasons are observed.
· For FDD SUL scenario, some uplink slots are shared with LTE system. In this case, HARQ-ACK bits from multiple downlink transmissions need to be fed back in subset of UL slots. As shown in Figure 2, more PUCCH transmission occasions are beneficial for pipeline feedback with latency reduction. 
· In TDD DL heavy case, HARQ-ACK for multiple DL transmissions may be transmitted in one UL slot. The similar advantage can also be observed as SUL scenario. 
· In multi-TRP scenario, it may be beneficial to consider that multiple PUCCHs for different TRPs are transmitted in TDM manner [2]. In this case, supporting multiple PUCCHs within a slot provides more transmission occasions. 
Proposal 7: At most 14 PUCCHs carrying HARQ-ACK in a slot should be supported.
[image: ]
[bookmark: _Ref534912392]Figure 2 example for PUCCH feedback in FDD SUL scenario
· How to determine semi-static HARQ-ACK codebook?
In NR R15, both type-1(semi-static) and type-2 (dynamic) HARQ-ACK codebook are supported. For semi-static HARQ-ACK codebook, UE reports HARQ ACK/NACK for all potential PDSCH transmissions, which will end up with a large payload size even though some PDSCH may not be actually scheduled. It is known that semi-static codebook can provide robustness in the case of missed downlink assignment, since a negative acknowledgement is provided to the gNB, which can enable retransmit the missing transport block.
However, in URLLC, DL grant missing may not be a problem thanks to the ultra-reliability of PDCCH transmission. On the other hand, the redundant ACK/NACK bits would increase the payload size of UCI and lead to the unnecessary decrease of UCI reliability. Therefore, it seems no good motivation to use semi-static codebook for URLLC. Dynamic HARQ-ACK codebook should take precedence over semi-static HARQ-ACK codebook.
Proposal 8: For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
· How to determine dynamic HARQ-ACK codebook?
In contrary to semi-static codebook, UE only reports HARQ ACK/NACK for the actually scheduled PDSCHs in dynamic HARQ-ACK codebook. For dynamic HARQ-ACK codebook determination, the finer time domain granularity should be considered. Codebook determination based on sub-slot level as discussed above should be supported. 
Proposal 9:  Codebook determination based on sub-slot level should be supported for eURLLC. 
3. Conclusion
In this contribution, we discuss the enhancements to UCI, and the following proposals are made.
Proposal 1: UEs with single service is prioritized in the design of eURLLC UCI.
Proposal 2: To separate HARQ-ACK multiplexing windows for different PUCCHs, Rel-15 mechanism can be reused but with a smaller time-domain granularity (e.g. sub-slot) instead of a slot. In particular
· The sub-slot length is configured by RRC
· The whole slot is partitioned into multiple sub-slots regardless of DL/UL configuration for the slot
· A PDSCH can be transmitted across sub-slots. HARQ-ACK timing K1 is derived relative to the sub-slot boundary containing the last symbol of PDSCH
· A PUCCH transmission is confined within a sub-slot
Proposal 3: For K1 and PUCCH starting symbol indication, it is proposed that
·  K1 is reinterpreted in sub-slot level. K1 indicates the number of sub-slots between PUCCH transmission and the sub-slot containing the last symbol of PDSCH
· The PUCCH starting symbol is relative to the boundary of sub-slot indicated by K1
Proposal 4: For UEs with single service, single PUCCH resource set configuration should be investigated firstly.
Proposal 5: Per CORESET PUCCH resource configuration should be considered.
[bookmark: _GoBack]Proposal 6: PUCCH resource indication by PRI can be reused. With only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits.
Proposal 7: At most 14 PUCCHs carrying HARQ-ACK in a slot should be supported.
Proposal 8: For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
Proposal 9:  Codebook determination based on sub-slot level should be supported for eURLLC. 
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