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Introduction
In RAN1 #97, UCI enhancements for NR URLLC was discussed with following agreements and working assumption:
Agreements:
For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.
Agreements:
For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.
Agreements:
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.
Working assumption:
Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known
In this contribution, we discuss the remaining issues of UCI enhancements for URLLC.
Discussion
1.1 Sub-slot-based HARQ-ACK feedback
In order to flexibly support various UCI payloads caused by UCI multiplexing, the configuration of PUCCH duration should be as flexible as possible. Therefore, we suggest that PUCCH can across sub-slot boundary. In the other word, UL sub-slot is used to determine the starting of PUCCH, but has no restriction on the length of PUCCH. 
However, considering UE implementation complexity, we suggest that at most 2 HARQ-ACK codebooks can be simultaneously constructed, i.e. one codebook is for eMBB transmission, and another one is for URLLC. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner. In other words, the UE does not expect the overlapping of multiple PUCCHs for sub-slot-based HARQ-ACK.
Proposal 1: PUCCH can across sub-slot boundary.
Proposal 2: The UE does not expect the overlapping of multiple PUCCHs for sub-slot-based HARQ-ACK.
With sub-slot-based HARQ-ACK feedback, the maximum number of PUCCHs for HARQ-ACK in one slot can equal to the number of uplink sub-slots in one slot. A configurable number of PUCCHs for HARQ-ACK in one slot can be supported to further reduce the UE implementation complexity, and the configurable number shall be not more the number of the uplink sub-slots in one slot. However, considering UE implementation complexity, we suggest that among the multiple PUCCHs, at most one PUCCH is used to transmit eMBB HARQ-ACKs to avoid lower efficiency of UCI transmission. URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed in one PUCCH, if the conditions and requirements for both URLLC and eMBB can be satisfied.
Proposal 3: The maximum number of PUCCHs for HARQ-ACK can equal to the number of uplink sub-slots in one slot.
Proposal 4: A number which is not more than the number of the uplink sub-slots in one slot can be configured to UE as the maximum number of PUCCHs for HARQ-ACK in one slot.
Proposal 5: At most one PUCCH is used to transmit eMBB HARQ-ACK in one slot.

Rel-15 Type 1 HARQ-ACK codebook is determined based on the set of occasions for candidate PDSCH receptions. Rel-15 Type 2 HARQ-ACK codebook is determined based on the DAI, and C-DAI/T-DAI is accumulated within the set of occasions for candidate PDSCH receptions. Once the sub-slot grid is supported for determining the PDSCH-to-sub-slot association, both Type 1 and Type 2 HARQ-ACK codebook can directly work for sub-slot-based HARQ-ACK feedback.
Proposal 6: Both Type 1 and Type 2 HARQ-ACK codebook are supported for sub-slot-based HARQ-ACK feedback.
1.2 Dynamic indication of no HARQ-ACK feedback
For the following cases, PDSCH retransmission cannot satisfy the delay requirement of URLLC. HARQ-ACK feedback has no use for URLLC transmission, but causes the collision with other UL channels and leads to unnecessary dropping of eMBB transmission. 
1) Case 1: One-shot transmission. 
2) Case 2: DL-heavy TDD carrier. 
One example is shown in Figure 1, the earliest HARQ timing for the PDSCH transmission in slot n is in slot n+4, which exceeds the delay requirement. Furthermore, if massive URLLC PDSCHs are transmitted, PUCCH blocking can be expected for this case.


Figure 1: Unnecessary HARQ-ACK feedback on DL-heavy TDD carrier
3) Case 3: The transmission is closed to the maximum time delay.
As shown in Figure 2, assuming the maximum time delay is 1 ms, the gap between the data arriving and the end of the first retransmission is closed to 1 ms, and the earliest ACK/NACK transmission must exceed the time delay.


Figure 2: Unnecessary HARQ-ACK feedback for the transmission closed to the maximum time delay
To reduce the power consumption for transmitting the unnecessary HARQ-ACK and avoid the loss of eMBB transmission, UE should be able to dynamically determine the HARQ-ACK for one PDSCH is not transmitted.
· Method A: Explicit indication based on the K1. In Rel-16 NR-U, a non-numerical value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later is introduced. Such function can be further enhanced for URLLC, i.e. a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that no HARQ-ACK feedback is required for the PDSCH.
· Method B: Implicitly determination based on K1. If the indicated HARQ timing for one PDSCH exceeds L, UE does not transmit the HARQ-ACK for the PDSCH, where L can be configured by high layer signaling. 
Proposal 7: Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered.
In Rel-15, K1 is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0, and the value range of K1 is 0~15 and up to 8 values can be configured for DCI format 1_1. Considering the latency requirement, the current value range of K1, even with sub-slot grid, can provide enough scheduling flexibility for URLLC. If the above method A is supported, a non-numerical value of K1 should be introduced. However, both the numerical value range of K1 and the DCI field bitwidth should not be extended.
Proposal 8: It is no need to extend the configurable value range of K1.
1.3 Physical identification for different service types
To support at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the following options were proposed for the PHY identification for identifying a HARQ-ACK codebook:
1) Opt.1: By DCI format
In this approach, the new parameters/configurations introduced for URLLC improvements can be mapped to a specific DCI format. When the DCI format is used to schedule the resource of a PHY channel, the new parameters/configurations are used. Otherwise the legacy parameters/configurations are used. The advantage of this approach is reusing the new DCI format introduced for achieving higher reliability. Its disadvantage is that the new DCI format may lead to the increase the DCI size budget, then impact the blind decoding.
2) Opt.2: By RNTI
The new RNTI has been used to indicate the URLLC-specific MCS table in R15. When the new RNTI is used to scramble the DCI scheduling resource of a PHY channel, the new parameters/configurations are used. Otherwise the legacy parameters/configurations are used. The advantage of this approach is that all DCI formats can be used to scheduling URLLC resource, and then can well support different levels of URLLC services, and tradeoff between latency and reliability requirements. Its disadvantage is the false alarm probability increase issue, as pointed out by some companies in R15. Furthermore, the restrictions on the scheduling flexibility may exist, since the traffic type is associated with MCS table. 
3) Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
For this approach, the indication is most accurate without any scheduling limitation. Multiple priority levels can be supported with multi-bit indication. The disadvantage is the payload sizes for both eMBB and URLLC DCI are increased. 
4) Opt.4: By CORESET/search space 
Since the maximum number of blind decodings is limited, the scheduling restrictions for option 4 can be expected.
Proposal 9: MCS-RNTI can be used for identifying different service types.

Once different service types can be distinguished in physical layer, besides the PUCCH-Config can be separately configured for different HARQ-ACK codebooks, the following parameters referring to HARQ-ACK transmission should also be separately configured for different services, such as:
· Sub-slot size
· PDSCH time-domain resource allocation list
· HARQ-ACK codebook type
On the other hand, different configurations, i.e. PUCCH resource sets, for different sub-slots are not preferred, because the increase of UE complexity can be expected and the gain of system efficiency is uncertain.
Proposal 10: Different RRC configurations referring to HARQ-ACK feedback for different sub-slots are not supported.

1.4 Enhancements to HARQ-ACK transmission for SPS PDSCH
In Rel-15, the smallest SPS periodicity is 10 ms and the largest DL-UL-transmission periodicity is 10 ms. SPS PDSCH must be transmitted when no dynamic PDSCH is scheduled on the SPS resource, and one PUCCH format 0/1 is configured with a fixed HARQ timing K1 is used for HARQ-ACK transmission. In Rel-16, multiple DL SPS configurations and small SPS periodicity (may be less to 0.5ms) are supported, then the following issues should be considered for HARQ of SPS PDSCH:
· The equation to derive the HARQ process ID for SPS PDSCH should be enhanced to support the symbol-level SPS periodicity.
· How to efficiently transmit HARQ-ACK DL SPS on TDD carrier.
With multiple DL SPS configurations and small SPS periodicity, one-to-one HACK-ACK feedback for DL SPS will lead to frequent DL-UL switching, multiple time-domain resource fragments, much more PUCCH overhead and more UL channel collision. Therefore, HARQ-ACK multiplexing should be supported for Rel-16 DL SPS transmission.
Proposal 11: HARQ-ACK multiplexing should be supported for Rel-16 DL SPS transmission.
1.5 Intra-UE UL collision
Our views on intra-UE UL collision related to UCI enhancements is shown in the summary of email discussion [97-NR-05]. Besides the issues listed in the summary, we think the following aspects should also be considered:
1) SR priority is known at PHY layer
According to RAN 2 email discussion on SR vs PUSCH prioritization, many companies support MAC provide information to PHY for enabling transmission of an SR when the SR’s transmission overlaps a UL-SCH resource. For the collision between SR and SR/PUSCH, we think that only when the later one with a higher priority, the PHY can receive multiple SRs or SR and MAC PDU from MAC layer, otherwise, only one of them will be delivered to PHY layer. Thus, PHY can determine the priority information without explicit indication.
On the other hand, for the collision between SR and HARQ-ACK/CSI, PHY can determine the priority information based on the SR periodicity and the duration of overlapped channel, i.e. short-periodicity SR is independently transmitted if SR is positive when the SR collides with long PUCCH. The overlapped long PUCCH can be stopped.

2) Cancelation of eMBB HARQ-ACK transmission leads to significant loss of system efficiency.
Cancelation of eMBB HARQ-ACK will leads to unnecessary PDSCH retransmission, and significant loss of system efficiency can be expected. Therefore, if the multiplexing timeline can be satisfied, the UE should multiplex eMBB HARQ-ACK with URLLC UCI or URLLC PUSCH. If eMBB HARQ-ACK and URLLC HARQ-ACK are multiplexed in one channel, two HARQ-ACK codebooks for different service types should be directly concatenated. 
On the other hand, if the multiplexing timeline cannot be satisfied, and eMBB HARQ-ACK transmission is cancelled, enhancements to retransmit the cancelled eMBB HARQ-ACK feedback should be considered.
· Alt. A: The canceled HARQ-ACK is transmitted on a new PUCCH resource which has a fixed time offset with the transmitted uplink channel.
· Alt. B: A new PUCCH resource is indicated by a DCI.
The current DCI format can be reused, one example is that for a given HARQ process ID, once the corresponding HARQ-ACK transmission is cancelled, and the DL grant with the same HARQ process ID transmitted in out-of-order PDSCH scheduling manner can be used to trigger HARQ-ACK retransmission.

 Figure 3. Enhancements to retransmit the canceled HARQ-ACK feedback
Observation 1: If cancelation of eMBB HARQ-ACK transmission is supported without any enhancement, significant loss of system efficiency can be expected.
Proposal 12: If multiplexing timelines are satisfied, multiplexing of eMBB HARQ-ACK and URLLC UCI or data should be supported. 

3) Enhancements on multiplexing timeline
Rel-15 multiplexing timeline considers UE processing time, but latency from PUCCH resource for multiplexing is not included. So additional restriction, e.g. the end of PUCCH for multiplexing cannot be later than the end of PUCCH for URLLC UCI. But for UCI multiplexing in PUSCH, the end of PUSCH for multiplexing cannot be considered due to UCIs are mapped in the earlier symbols of PUSCH, especially for UCI with high priority.
In additional, the Rel-15 multiplexing timeline is too harsh. For example, the ending of timeline is the starting symbol of the earliest uplink channel. However, the earliest uplink channel may not be used for multiplexing channel. So to improve multiplexing efficiency, the Rel-15 multiplexing timeline needs to relax, e.g. the ending of timeline is the starting symbol of the potential multiplexing channel.
Proposal 13: Additional restriction on latency, e.g. the end of multiplexed uplink channel, needs to be considered in PUCCH, but not in PUSCH.
Proposal 14: To improve multiplexing efficiency, the ending of timeline could be the starting symbol of the potential multiplexing channel, not the earliest uplink channel.
4) How to handle the collision between more than two PUCCH/PUSCHs.
Email discussion ([97-NR-05] on handling intra-UE collision scenarios for URLLC UCI enhancements) mainly focus on the collision between two uplink channels. We propose that the solutions defined for handling collisions between two uplink channels should be extended to handle the collisions between more than two channels as much as possible. For example, the overlapped channels are divided into two groups based on the service types. In each group, Rel-15 mechanism of UCI multiplexing should be used. However, for the URLLC group, the multiplexing timeline should be determined based on N1 and N2 for UE processing capability 2. Firstly, one multiplexing channel is determined for each group. If the multiplexing channels are overlapping, the solutions defined for handling collisions between two uplink channels should be used. The priority of one multiplexing channel can equals to the highest priority of UCI or data multiplexed in the channel.
[bookmark: _GoBack]Proposal 15: Uplink channel collision should be firstly handled per service type, then handled based on the 5solutions defined for collision between two channels. 
· If one channel contains multiple UCIs or UCI(s) and data, the channel priority is determined based on the highest priority of UCI(s) or data multiplexed in the channel.


Figure 4. One example for handling collision between more than two uplink channels

Conclusions
In this contribution, we show our views on UCI enhancements for URLLC with following observation and proposals:
Proposal 1: PUCCH can across sub-slot boundary.
Proposal 2: The UE does not expect the overlapping of multiple PUCCHs for sub-slot-based HARQ-ACK.
Proposal 3: The maximum number of PUCCHs for HARQ-ACK can equal to the number of uplink sub-slots in one slot.
Proposal 4: A number which is not more than the number of the uplink sub-slots in one slot can be configured to UE as the maximum number of PUCCHs for HARQ-ACK in one slot.
Proposal 5: At most one PUCCH is used to transmit eMBB HARQ-ACK in one slot.
Proposal 6: Both Type 1 and Type 2 HARQ-ACK codebook are supported for sub-slot-based HARQ-ACK feedback.
Proposal 7: Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered.
Proposal 8: It is no need to extend the configurable value range of K1.
Proposal 9: MCS-RNTI can be used for identifying different service types.
Proposal 10: Different RRC configurations referring to HARQ-ACK feedback for different sub-slots are not supported.
Proposal 11: HARQ-ACK multiplexing should be supported for Rel-16 DL SPS transmission.
Observation 1: If cancelation of eMBB HARQ-ACK transmission is supported without any enhancement, significant loss of system efficiency can be expected.
Proposal 12: If multiplexing timelines are satisfied, multiplexing of eMBB HARQ-ACK and URLLC UCI or data should be supported. 
Proposal 13: Additional restriction on latency, e.g. the end of multiplexed uplink channel, needs to be considered in PUCCH, but not in PUSCH.
Proposal 14: To improve multiplexing efficiency, the ending of timeline could be the starting symbol of the potential multiplexing channel, not the earliest uplink channel.
Proposal 15: Uplink channel collision should be firstly handled per service type, then handled based on the solutions defined for collision between two channels. 
· If one channel contains multiple UCIs or UCI(s) and data, the channel priority is determined based on the highest priority of UCI(s) or data multiplexed in the channel.
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