3GPP TSG RAN WG1 #97	                                                                                 R1-1906147
Reno, USA, 13th – 17th May, 2019

Source:	vivo
Title:	UCI enhancements for URLLC
Agenda Item:	7.2.6.2
Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN#83 meeting, the WID of physical layer enhancements for NR URLLC has been approved [1] and the following was captured in terms of UCI enhancements:
· 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
Some agreements and conclusions have been achived during the SI phase and the last meeting, which are shown in Appendix. 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 RAN1 #95 meeting [2], 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.
2.2. Enhanced HARQ-ACK feedback
During the last meeting, sub-slot based HARQ-ACK feedback was agreed. In this section, some remaining issues about enhanced HARQ-ACK feedback are discussed.
· PDSCH-to-sub-slot association
One FFS is the PDSCH-to-sub-slot association.  It’s agreed that PDSCH transmission is not subject to sub-slot restriction. For HARQ-ACK codebook feedback, it’s needed to determine a PDSCH is in which slot, and ending symbol of PDSCH can be the reference point. HARQ-ACK bits for the PDSCHs indicated to feedback in the same sub-slot by K1 are constructed in the same codebook.
· PUCCH resource configuration 
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 to separately configure PUCCH resource sets for eMBB and URLLC for a UE supporting both service types. In addition, maxCodeRde is configured per format for PUCCH format 2/3/4 in NR R15, but for a hybrid UE, different code rates should be used for URLLC and eMBB. Parameters such as simultaneousHARQ-ACK-CSI, nrofSlots, dl-DataToUL-ACK, pucch-PowerControl should also be different for different service types. One simple way for PUCCH resource configuration is that different PUCCH-Config is configured intended for different service types.
Proposal 1: For a UE with hybrid service types, at least the following parameters of PUCCH resource configuration should be separately configured for different service types.
· PUCCH-ResourceSet,
· MaxCoderate,
· simultaneousHARQ-ACK-CSI, 
· nrofSlots, 
· dl-DataToUL-ACK, 
· pucch-PowerControl.
For URLLC only UE, as we agreed that for both HARQ-ACK codebook construction and K1 indication, it is in the unit of sub-slot. Then for PUCCH configuration, NR R15 PUCCH resource set configuration mechanism can be reused but in the unit of sub-slot, e., the staring symbol is relative to the boundary of sub-slot and PUCCH resources are confined within a sub-slot. In other words, PUCCH across sub-slot boundary is not allowed. The benefit of this way is that it can simplify the specification and UE behaviours. One problem of PUCCH across sub-slot boundary is that UE has to determine whether the PUCCH resource(s) for HARQ-ACK transmission will be overlapped by the later PUCCH transmission(s) within the subsequent sub-slot(s), which may delay the transmission of PUCCH and complex UE behaviour. Or the scheduling will be restricted that gNB cannot schedule another PUCCH for HARQ-ACK in the later sub-slot(s) if the PUCCH for HARQ-ACK in the previous sub-slot across sub-slot boundary.
Proposal 2: For enhanced HARQ-ACK feedback, NR R15 PUCCH resource set configuration mechanism can be reused but in the unit of sub-slot.
· PUCCH starting symbol is relative to the sub-slot boundary
· PUCCH resources are confined within a sub-slot
· PUCCH resource determination
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 3: 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 is agreed to support PUCCHs for different TRPs are transmitted in TDM manner [3]. In this case, supporting multiple PUCCHs within a slot provides more transmission occasions. 
Proposal 4: 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
· FFS 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 PDSCHs 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 5: For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
· Counter/total DAI
Separate counter and total DAI for URLLC and eMBB should be considered. Different reliabilities for URLLC and eMBB services are expected, which results in different miss-detection probabilities of PDCCH. For URLLC, the counter/total DAI field can be eliminated if sufficient reliability is expected.
Therefore, two alternatives for DAI design can be considered for URLLC,
· Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differential (if specified)
· Alt 2: no counter/total DAI for URLLC service. And assuming URLLC is based on new DCI format/RNTI/PHY differential (if specified)
Proposal 6: the following DAI mechanism for URLLC can be considered,
·  Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differential (if specified)
· Alt 2: no counter/total DAI for URLLC service. And assuming URLLC is based on new DCI format/RNTI/PHY differential (if specified)

2.3. Overlapping between different HARQ-ACK codebooks
According the latest agreements, for a Rel-16 UE, when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, some options can be considered for the PHY identification for identifying a HARQ-ACK codebook and one FFS is for SPS PDSCH (including SPS release PDCCH). In our view, for SPS PDSCH, it can be identified by activation/deactivation PDCCH as that of dynamically-scheduled PDSCH. Regarding down-selection from the potential options, it should be joint considered with intra-UE multiplexing/prioritization.
Next, what’s needed to discuss is the time granularity for different HARQ-ACK codebook constructions. In NR Rel-15, a UE determines a HARQ-ACK codebook in slot level. In Rel-16, it has been agreed that multiple PUCCHs for HARQ-ACK within one slot is supported and this is known as a generic enhancement for Rel-16 UEs. An eMBB UE may also support multiple PUCCHs for HARQ-ACK within one slot which means the UE can be configured with HARQ-ACK codebook determination in sub-slot level. Then, for a UE supporting eMBB and URLLC services simultaneously, there is no doubt that the UE can construct HARQ-ACK codebook per sub-slot, considering the HARQ-ACK for both eMBB and URLLC services. As another alternative, UE may construct the eMBB HARQ-ACK codebook in slot granularity as in Rel-15 while in sub-slot granularity for URLLC related HARQ-ACKs. Thus the following options should be discussed. 
Option 1: Same granularity is used for URLLC and eMBB HARQ-ACK determination, i.e., sub-slot level
Option 2: Different granularities can be used for URLLC and eMBB HARQ-ACK determination, i.e., slot level for eMBB and sub-slot level for URLLC
For option 1, UE has consistent behavior for eMBB and URLLC, and the overlapping between different PUCCHs for eMBB and URLLC HARQ-ACK codebooks will be restricted in one sub-slot, thus it is easier to resolve the overlapping between different HARQ-ACK codebooks. For example, dropping eMBB HARQ-ACK or multiplexing different HARQ-ACK codebooks into one PUCCH if the impact to URLLC UCI reliability is limited. More, it can be further considered to construct only HARQ-ACK codebook in each sub-slot regardless of same or different service types. The Rel-15 specification can be largely reused.
For option 2, a UE can construct HARQ-ACK codebook for URLLC in sub-slot level, while in slot-level as that of Rel-15 for eMBB. If so, it’s possible that one long PUCCH (for eMBB HARQ-ACK) overlaps with multiple short PUCCHs (for URLLC HARQ-ACK), it will be more complex to resolve such overlapping. Moreover, assuming a UE transmitting of two parallel PUCCHs is not allowed, the URLLC PUCCH may have to be transmitted during the transmission of eMBB PUCCH, thus the UE has to stop the eMBB PUCCH transmission before the URLLC PUCCH starts, or the UE punctures the eMBB PUCCH to transmit URLLC PUCCH.
Proposal 7: At least same time granularity for different HARQ-ACK codebooks construction can be supported.
· FFS different time granularities.
Another issue is how to handle the overlapping case between two PUCCHs carrying two different HARQ-ACK codebooks. Potential options are
· Dropping one PUCCH based on predefined rule, such as HARQ-ACK for URLLC takes high priority over that for eMBB
· This option is simple and can guarantee the transmission of URLLC HARQ-ACK, but has impact on eMBB transmission performance, which may result in unnecessary DL retransmissions.
· Puncturing part of PUCCH with lower priority
· If DMRS symbol is punctured, the PUCCH with lower priority won’t be received correctly. Low priority UCI part can be punctured by high priority UCI. However, how to keep phase continuity and imbalanced power between two UCIs in a slot should be FFS.
· Multiplexing different HARQ-ACK codebooks into one PUCCH
· If different HARQ-ACK codebooks are constructed in different time granularities as discussed above, it seems to be hard to multiplex different HARQ-ACK codebooks into one PUCCH considering timeline and latency aspects.
· When multiplexing scheme is adopted, some issues have to be considered, that is
· Multiplexing timeline. Multiplexing timeline for PUCCH and PUCCH/PUSCH discussed in NR Rel-15 can be a starting point. Meanwhile, the latency requirement for URLLC should be taken into consideration.
· PUCCH resource determination, if URLLC and eMBB have separate PUCCH resource set configurations, which PUCCH resource set configuration is used needs to be considered further.
· Encoding of the different HARQ-ACK codebooks. Since URLLC has high reliability requirement while eMBB does not, if URLLC HARQ-ACK and eMBB HARQ-ACK are multiplexed into one PUCCH, if they are encoded together, lower code rate for URLLC reliability target must be used for the whole HARQ-ACK codebook, which will result in lager resource overhead. If they are encoded separately, different code rates for different HARQ-ACK codebooks may be one option to meet different reliability requirements and improve resource utilization. 
Proposal 8:  For overlapping between PUCCHs carrying different HARQ-ACK codebooks
· Dropping the PUCCH with lower priority HARQ-ACK partially or entirely can be a starting point
· FFS multiplexing /puncturing of different HARQ-ACK codebooks into one PUCCH

Proposal 9: If multiplexing of HARQ-ACK codebooks for different service types on a PUCCH is supported, the following aspects should be considered.
· Supporting separate coding and code rate for HARQ-ACK codebooks of different service types
· FFS: Multiplexing timeline
· FFS: PUCCH resource determination
· 
2.4. Resource conflict between control channel and control channel 
Overlapping between control channel and control channel both carrying HARQ-ACK is discussed in the above subsection, here we discuss about the overlapping between two PUCCHs and at least one is for CSI reports/SR. The following resource conflict cases for UCI on PUCCH need to be addressed,
· SR and SR;
· CSI and CSI
· SR and HARQ-ACK
· SR and CSI
· CSI and HARQ-ACK
SR and SR
For SR transmission, MAC layer instructs PHY only one SR transmission in a certain time duration. However, according the current mechanism, there is a problem that a long SR for eMBB (e.g. 14-symbol SR PUCCH) may be overlapped with several short SR transmission opportunities for URLLC (e.g., 1-symbol PUCCH SR with 2-symbol periodicity) if the long SR is instructed before URLLC service packets arrival, which is not good for URLLC latency reduction, shown as Figure 3. Therefore, it should be considered to instruct another SR transmission from MAC layer after one positive SR is already instructed from MAC layer but is not transmitted or is going on transmission from PHY, which is similar to the case of resource conflict between configured grant and configured grant. First, whether to support such case should be discussed in RAN2. If it is supported, from PHY layer, RAN1 need to consider how to handle the conflict between SRs. For example, the UE can determine a SR priority by SR configuration, i.e., the configured duration of SR PUCCH or SR periodicity can be used for the determination of SR priority.
[image: ]
[bookmark: _Ref5110115]Figure 3 example for SR transmission for eMBB and URLLC

Proposal 10: Whether/how to support the case with more than one positive SR transmissions overlapping in time in PHY layer should be further study.
CSI and CSI
For CSI reports, priority value is defined in NR Rel-15 to determine the priority among different CSI reports. One question is that the current mechanism for CSI priority determination has no concern on service type. To be specific, semi-persistent CSI reports always take priority over periodic CSI reports regardless which service types they are for. Another issue is that according to the current UCI priority rule, HARQ-ACK always has higher priority over CSI reports even when HARQ-ACK is for eMBB and CSI report is for URLLC. But on the other hand, the benefit to define URLLC-specific or eMBB-specific CSI report is not clear. Timely and accurate CSI measurement reporting is challenging for URLLC and UE can be scheduled with lower MCS and code rate even no CSI reports for URLLC. For the overlapping between eMBB HARQ-ACK and URLLC CSI report (if any), it can be avoided by gNB’s scheduling if gNB thinks the CSI report is more important. Therefore, whether or how to enhance the priority value definition/service type differentiation for CSI reports should be further discussed. 
Proposal 11: Whether to define URLLC-specific CSI report or whether to differentiate service type for a CSI report should be FFS. 
SR and HARQ-ACK
When considering the prioritization of the different UCI types for different service types, it seems to be more complex. In NR Rel-15, the overlapping between different UCI types are handling case be case. Table 1 shows the summary of the conflict handing between HARQ-ACK and SR. Two cases may be needed to optimize for UE with multiple services. That is,
Case 1: Overlapping between SR with PUCCH format 0 and HARQ-ACK with PUCCH format 1.
Case 2: Overlapping between SR and HARQ-ACK with PUCCH format 2/3/4.
[bookmark: _Ref5115465]Table 1 Summary of conflict handling of HARQ-ACK and SR in NR R15
	
	HARQ-ACK w/ F0
	HARQ-ACK w/ F1
	HARQ-ACK w/ F2/3/4

	
	One bit SR
	Multi-bit SR if there are multiple PUCCHs respective for multiple SRs overlapping with HARQ-ACK PUCCH

	SR with F0
	Transmit positive or negative SR and HARQ-ACK on HARQ-ACK resource
	Drop SR, transmit HARQ-ACK only (Case 1)
	
 bits representing a negative or positive SR are appended to the HARQ-ACK information bits and the PUCCH resource in determined based on the total UCI payload and PRI. (Case 2)

	SR  with F1
	
	Transmit HARQ-ACK on SR resource when the SR is positive
	



For case 1, in NR R15, since the multiplexing rules for format 0 SR and format 0 HARQ-ACK, as well as format 1 SR and format 1 HARQ-ACK are different, it is hard to determine how to multiplex format 0 SR and format 1 HARQ-ACK in a single PUCCH. To prioritize the feedback for HARQ-ACK since there is no consideration for URLLC, when format 0 SR overlaps with format 1 HARQ-ACK in time domain, the UE shall drop SR transmission and transmits only HARQ-ACK. However, for a UE with hybrid service types, it is possible that the format 0 SR is for URLLC and format 1 HARQ-ACK is for eMBB, it is significant to guarantee the transmission of SR for URLLC.
For case 2, when SR overlaps with HARQ-ACK on PUCCH format 2/3/4, one or multiple bits are appended to HARQ-ACK bits and transmitted on a HARQ-ACK PUCCH resource determined by total UCI payload and PRI, which is possible to change the PUCCH format after multiplexing. When the SR is for URLLC and HARQ-ACK is for eMBB, from the reliability perspective, it is not desired to transmit a format 0 SR on format 2 PUCCH resource; from the latency perspective, it is not desired to transmit a format 0 SR on a long PUCCH resource.
SR and CSI

For the overlapping between SR and CSI report, in NR R15, bits representing a negative or positive SR are prepended to the CSI information bits and transmitted on CSI PUCCH resource, the drawback for URLLC  SR is similar as that of case 2. 
Therefore, for the overlapping between different UCI types for different service types, the conflict handling rule should be considered. 
· If priority between URLLC SR/CSI and eMBB SR/CSI can be identified from UE, it can be considered that URLLC SR/CSI can be prioritized over eMBB SR/CSI.
· Otherwise, a simple rule should be considered for prioritization at least for SR. For example, short transmission has higher priority than long transmission, short duration means periodicity of SR transmission /grant-free transmission < Y symbols. Or it can be simple based on RRC configurations.
And the following proposal is made. 
Proposal 12: Prioritization between URLLC SR and eMBB HARQ-ACK or CSI report should be considered to guarantee transmission of URLLC SR.
·  The prioritization can be based on SR transmission periodicity or RRC configurations.
· If SR is prioritized over HARQ-ACK/CSI report, dropping HARQ-ACK/CSI report and transmitting SR only can be considered
· FFS multiplexing if the reliability reduction and latency delay are acceptable.

CSI and HARQ-ACK
In addition, regarding the overlapping between CSI and dynamic HARQ-ACK, multiplexing is supported if the timeline is satisfied. Except for latency aspect, large PUCCH overhead will be needed if multiplexing eMBB CSI bits on URLLC HARQ-ACK PUCCH resource, for such case, the eMBB CSI shall be dropped.
2.5. Resource conflict between control channel and data channel 
Generally, for a certain service type, UCI has the higher priority than PUSCH. For intra UE multiplexing, the overlapping may occur between eMBB PUCCH and URLLC PUSCH. For example, a UE may be scheduled with a URLLC UL transmission after eMBB DL transmission is scheduled. The URLLC PUSCH can overlap PUCCH carrying HARQ-ACK of eMBB in time domain. In this case, URLLC PUSCH needs to be prioritized, e.g. UE may follow the later received UL grant or the configured grant to transmit the URLLC PUSCH and drop eMBB PUCCH transmission entirely or partially. As above mentioned, the dropping HARQ-ACK on eMBB PUCCH can lead to the resource waste. If eMBB service is with the less HARQ-ACK bits and timeline is allowed, HARQ-ACK bits for eMBB piggybacked on URLLC PUSCH can be considered. 
On the other hand, when URLLC PUCCH is overlapping in time with eMBB PUSCH, if the multiplexing rule defined in NR R15, URLLC UCI should be multiplexed into eMBB PUSCH when the timeline is met, otherwise, it is error case. Considering the latency requirement for URLLC, it may consider to transmit URLLC PUCCH and drop eMBB PUSCH entirely or partially.
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Figure 4: Example of intra-UE UL multiplexing between scheduling-based eMBB HARQ-ACK and scheduling-based URLLC UL transmissions
Proposal 13: When URLLC PUSCH is overlapping in time with eMBB PUCCH, 
· URLLC PUSCH is transmitted and eMBB PUCCH is dropped entirely or partially.
· FFS: eMBB UCI piggyback on URLLC PUSCH 
When URLLC PUCCH is overlapping in time with eMBB PUSCH,
· URLLC PUCCH is transmitted and eMBB PUSCH is dropped entirely or partially.

3. Conclusion
In this contribution, we discuss the enhancements to UCI, and the following proposals are made.
Proposal 1: For a UE with hybrid service types, at least the following parameters of PUCCH resource configuration should be separately configured for different service types.
· PUCCH-ResourceSet,
· MaxCoderate,
· simultaneousHARQ-ACK-CSI, 
· nrofSlots, 
· dl-DataToUL-ACK, 
· pucch-PowerControl.
Proposal 2: For enhanced HARQ-ACK feedback, NR R15 PUCCH resource set configuration mechanism can be reused but in the unit of sub-slot.
· PUCCH starting symbol is relative to the sub-slot boundary
· PUCCH resources are confined within a sub-slot
Proposal 3: 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 4: At most 14 PUCCHs carrying HARQ-ACK in a slot should be supported.
Proposal 5: For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
Proposal 6: the following DAI mechanism for URLLC can be considered,
·  Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differential (if specified)
· Alt 2: no counter/total DAI for URLLC service. And assuming URLLC is based on new DCI format/RNTI/PHY differential (if specified)
Proposal 7: At least same time granularity for different HARQ-ACK codebooks construction can be supported.
· FFS different time granularities.
Proposal 8:  For overlapping between PUCCHs carrying different HARQ-ACK codebooks
· Dropping the PUCCH with lower priority HARQ-ACK partially or entirely can be a starting point
· FFS multiplexing /puncturing of different HARQ-ACK codebooks into one PUCCH

Proposal 9: If multiplexing of HARQ-ACK codebooks for different service types on a PUCCH is supported, the following aspects should be considered.
· Supporting separate coding and code rate for HARQ-ACK codebooks of different service types
· FFS: Multiplexing timeline
· FFS: PUCCH resource determination
Proposal 10: Whether/how to support the case with more than one positive SR transmissions overlapping in time in PHY layer should be further study.
Proposal 11: Whether to define URLLC-specific CSI report or whether to differentiate service type for a CSI report should be FFS. 
Proposal 12: Prioritization between URLLC SR and eMBB HARQ-ACK or CSI report should be considered to guarantee transmission of URLLC SR.
·  The prioritization can be based on SR transmission periodicity or RRC configurations.
· If SR is prioritized over HARQ-ACK/CSI report, dropping HARQ-ACK/CSI report and transmitting SR only can be considered
· FFS multiplexing if the reliability reduction and latency delay are acceptable.
[bookmark: _GoBack]Proposal 13: 
When URLLC PUSCH is overlapping in time with eMBB PUCCH, 
· URLLC PUSCH is transmitted and eMBB PUCCH is dropped entirely or partially.
· FFS :eMBB UCI piggyback on URLLC PUSCH 
When URLLC PUCCH is overlapping in time with eMBB PUSCH,
· URLLC PUCCH is transmitted and eMBB PUSCH is dropped entirely or partially.

Appendix Agreements made in previous meetings
	Regarding potential enhancements to UCI, following agreements and conclusion are made in previous meetings in the SI phase [3],[4],[5].
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?
Agreements:
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC

Agreements:
· 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

Agreements:
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
In RAN1 #96bis meeting, some agreements regarding UCI enchcements were acheived [6].
Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)
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