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Introduction
This contribution considers UL control signaling enhancements for URLLC according to the scope of the URLLC SI [1] and it is an update to [2]. For brevity, the analysis in [2] is not repeated.


UCI Transmission for URLLC 
HARQ-ACK
A first aspect relates to enhancing HARQ processing timeline and this requires faster HARQ-ACK feedback. In Rel-15, a UE is able to transmit only one PUCCH with HARQ-ACK information in a slot. In RAN1#95 it was agreed to remove this restriction for UEs supporting Rel-16 URLLC in order to allow faster HARQ-ACK feedback. Although PUCCH formats 0/2 are mainly considered, there is no need for such restriction and an enhancement can be applicable for all PUCCH formats particularly since different URLLC applications have different latency requirements. Further, there is no apparent need at this time to limit the number of PUCCH with HARQ-ACK information in a slot (and it would prohibit consecutive PDSCH receptions with minimum latency HARQ-ACK feedback). No other enhancement is necessary for a PUCCH transmission with HARQ-ACK information. 

Observation 1: There is no need to limit transmission from a UE of multiple PUCCH with HARQ-ACK information in a slot to specific PUCCH formats or to a specific number smaller than the maximum possible one. 

The indication for the granularity of HARQ-ACK feedback timing (e.g. N symbols, slot) can be configurable (e.g. slot-based is sufficient for SCS of 60 kHz or larger while slot-based or N-symbol-based is needed for 15 kHz or 30 kHz).

Proposal 1: HARQ-ACK feedback timing granularity is configurable. 

A second aspect relates to multiplexing UCI in the PUSCH. Rel-15 does not support simultaneous PUSCH and PUCCH transmissions. For URLLC, simultaneous PUSCH and PUCCH transmissions can result to significant simplifications in specification and implementation and can maintain the HARQ-ACK timeline. However, due to SAR emission issue, a UE should not be mandated to support simultaneous PUSCH and PUCCH transmissions. For example, a machine-type UE or a UE supporting UL CA may support this feature while other UEs may not. 

Proposal 2: Support simultaneous PUSCH and PUCCH transmissions as a UE capability feature. 


Rel-15 considers it an error case if a UE has overlapping PUSCH and PUCCH transmissions and a timeline for multiplexing UCI in the PUSCH is not satisfied. However, the case of grant free PUSCH and PUCCH at any symbol of a slot is not an error case. Support for simultaneous PUCCH and PUSCH transmissions provides a simple solution for this case. Otherwise, possible options are for the UE to either drop the PUCCH (the penalty is that the gNB retransmits the PDCCH/PDSCH in the highly likely case of ACK) or drop the PUSCH (the penalty is that one or more repetitions of the grant-free PUSCH transmission are lost). Both options are valid. Instead of mandating one or the other by specification, it should be up to the network to control the UE behavior. 

Proposal 3: If a UE does not support simultaneous PUSCH and PUCCH transmissions, when a grant-free PUSCH overlaps in time with PUCCH for HARQ-ACK and the UE cannot multiplex the HARQ-ACK in the PUSCH, the UE drops either the PUSCH or the PUCCH based on configuration by the gNB.


Another benefit of simultaneous PUSCH and PUCCH transmissions is that they can avoid always reserving a number of REs for HARQ-ACK multiplexing in the PUSCH. For MBB, this is less of a problem as data BLER is relatively large, TBS is large, and HARQ retransmissions can apply (although there is cost). However, for URLLC, always having reserved REs in a PUSCH that are not used to transmit data and typically do not include HARQ-ACK is an unnecessary burden in meeting URLLC reliability requirements.

A PUSCH transmission may be over a small number of symbols (e.g. ~2 symbols for 15 kHz SCS). HARQ-ACK multiplexing can occur only after the symbol with DMRS (and cannot occur in the same symbol as DMRS). Depending on the PUSCH configuration, it may not be possible to multiplex HARQ-ACK (e.g. for PUSCH transmission over 1 symbol or over 2 symbols with FH). This can be avoided by either (a) not supporting such PUSCH configurations, or (b) by supporting simultaneous PUSCH and PUCCH transmissions, or (c) by allowing HARQ-ACK multiplexing in the same symbol as DMRS, or (d) by dropping either HARQ-ACK transmission (UE transmits only PUSCH) or data transmission (UE transmits only PUCCH). If such PUSCH configuration is allowed, support of simultaneous PUSCH and PUCCH transmissions is the simpler choice as, unlike (d) it does not result to any loss of information and unlike (c) it does not require new UCI multiplexing while PAPR is comparable for (c) due to the multiplexing of different transmissions (RS + data/HARQ-ACK) in one symbol. 

Proposal 4: If a UE does not support simultaneous PUSCH and PUCCH transmissions and the UE would transmit HARQ-ACK and data in a PUSCH that includes only symbols with DMRS, the UE is configured to transmit either only data in the PUSCH or only HARQ-ACK in the PUCCH.


As data information and HARQ-ACK information relate to the same service type, the Rel-15 determination for the number of UCI REs in the PUSCH remains applicable. However, there are two aspects for Rel-16 URLLC services that are different from the mobile broadband services primarily considered in Rel-15. 






The Rel-15 design for multiplexing UCI in the PUSCH assumes that the UCI target BLER is smaller than or equal to the data target BLER as reflected by the range of  values (smallest one is 1.0). This may not be the case for URLLC services where the data target BLER (e.g. 1e-5 or 1e-6) may be smaller than the HARQ-ACK target BLER (e.g. 1e-3). In such case,  values smaller than 1.0 may be beneficial. This can be determined based on evaluations after the HARQ-ACK target BLER, for a corresponding data target BLER, is determined and after the maximum payload for HARQ-ACK in a PUSCH with URLLC data is determined (e.g., if only a small HARQ-ACK payload is expected, there will be no coding gains and additional smaller  values may not be necessary). The  values and the  scaling factor can be separately configured for different services.   


Observation 2: Whether to introduce  values smaller than 1 requires further considerations and evaluations. 



For a UE supporting mixed services, such as MBB and URLLC, transmission of HARQ-ACK information can be independent among services particularly if corresponding target BLERs or required latencies are significantly different. The DCI format associated with the HARQ-ACK information can serve for the determination of the HARQ-ACK information type (e.g. a DCI format size, a flag field, a RNTI, etc. can identify the corresponding HARQ-ACK information type). Then, HARQ-ACK transmission parameters (HARQ-ACK timing, PUCCH resource, HARQ-ACK codebook,  and , etc.) are determined based on the DCI format. Other than the classification of the Rel-15 operation for HARQ-ACK transmission depending on an indication by an associated DCI format, no other change is needed (e.g. Rel-15 operation with respect to PUCCH resource indication, HARQ-ACK codebook determination, determination of HARQ-ACK coded modulation symbols, etc. remains applicable).

Observation 3: There is no need to modify Rel-15 operation for HARQ-ACK transmission per associated DCI format. 

Proposal 5: HARQ-ACK transmission parameters can be separately configured for different DCI formats.  


CSI Feedback Enhancements
CSI reporting enhancements primarily concern a possibility of fast CSI report for URLLC service purposes. There is no need to introduce new periodic/semi-persistent CSI periodicities or new A-CSI reporting modes. 

A CSI report triggered by a DCI format scheduling a PDSCH, aside of the potentially material specification and testing impacts that also relate to HARQ-ACK transmissions, is obviously unable to provide any benefit for the initial PDSCH transmission and cannot provide any meaningful system benefit. For example, even for a relatively large PDSCH BLER of 1% for the initial TB transmission, a CSI report may only provide incremental gain to link adaptation (beyond the link adaptation applied to the initial PDSCH transmission) for subsequent PDSCH transmissions and any such gain need to be scaled by 1%. Moreover, the CSI report BLER needs to be 1e-7 or lower to not affect PDSCH reliability. 

Observation 4: Triggering a CSI report by a DL assignment does not need to be considered for URLLC. There is also no need to increase UE complexity to support a shorter CSI computation time. 

For the sporadic traffic expected for several URLLC applications, a periodic/semi-persistent CSI is ineffective as it needs to be frequent enough to be relevant, and it also needs to be highly accurate, when most of the time it will not be used by the gNB. 

Observation 5: For sporadic services, periodic/semi-persistent CSI reporting with high accuracy is inefficient.

For TDD systems, the gNB has the option to trigger SRS transmission by DCI format 2_2 [3]. This is simple and can work even under strict latency requirements as the measurement is the most ‘up-to-date’ and there is no time required for the UE to encode UCI and transmit a PUCCH and for the gNB to receive the PUCCH and decode the UCI. For FDD systems, or in general at least for obtaining a DL SINR estimate and not only precoding information, one possibility discussed in RAN1#94bis is to trigger a CSI report by a group-common PDCCH (GC-PDCCH). The CSI report can have CRC protection. As for SRS triggering, such a mechanism can be applicable for UEs with URLLC services that do not have the strictest latency requirements. The gNB can also use a GC-PDCCH to dynamically obtain CSI reports from UEs that do not have imminent PDSCH transmission (instead of relying on periodic/semi-persistent CSI reports). 

For UEs with URLLC services having the strictest latency requirements, link adaptation can be based on SINR/RSRP reports and scheduling can be conservative using frequency diversity. This is sufficient particularly since such services are associated with small data TBs that offer little system benefit from optimized spectral efficiency, if that was possible, and require robust transmission due to the strict latency requirements. Further, for the small data TBs, there is little benefit in optimizing PDSCH spectral efficiency while relying on diversity-based PDCCH transmission for similar target BLERs.  

Observation 6: For the TDD systems at 4 GHz, SRS triggering can provide up-to-date precoding information with minimum latency while a RSRP/RSRQ report can provide SINR information. 

Observation 7: A GC-PDCCH triggering CSI reports can enable a gNB to obtain on-demand CSI reports prior to scheduling PDSCH transmissions to a UE and without relying on periodic/semi-persistent CSI reports. 

Proposal 6: Support triggering of CSI reports by GC-PDCCH. 


[bookmark: _GoBack]The CQI index in a CSI report should reflect the duration of a PDSCH transmission. For URLLC, and depending on the SCS value, the PDSCH transmission duration can be different (e.g. smaller) than a slot. Therefore, a time unit for a UE to determine the CQI index should be configured to the UE. 
  
Proposal 7: A UE is configured the time unit used to determine the CQI index in a CSI report. 


Conclusions
This contribution considered aspects related to UL control signaling and proposes the following.

Proposal 1: HARQ-ACK feedback timing granularity is configurable. 

Proposal 2: Support simultaneous PUSCH and PUCCH transmissions as a UE capability feature. 

Proposal 3: If a UE does not support simultaneous PUSCH and PUCCH transmissions, when a grant-free PUSCH overlaps in time with PUCCH for HARQ-ACK and the UE cannot multiplex the HARQ-ACK in the PUSCH, the UE drops either the PUSCH or the PUCCH based on configuration by the gNB.

Proposal 4: If a UE does not support simultaneous PUSCH and PUCCH transmissions and the UE would transmit HARQ-ACK and data in a PUSCH that includes only symbols with DMRS, the UE is configured to transmit either only data in the PUSCH or only HARQ-ACK in the PUCCH.

Proposal 5: HARQ-ACK transmission parameters can be separately configured for different DCI formats. 

Proposal 6: Support triggering of CSI reports by GC-PDCCH. 

Proposal 7: A UE is configured the time unit used to determine the CQI index in a CSI report. 

In addition, the following are observed.

Observation 1: There is no need to limit transmission from a UE of multiple PUCCH with HARQ-ACK information in a slot to specific PUCCH formats or to a specific number smaller than the maximum possible one. 


Observation 2: Whether to introduce  values smaller than 1 requires further considerations and evaluations. 

Observation 3: There is no need to modify Rel-15 operation for HARQ-ACK transmission per associated DCI format. 

Observation 4: Triggering a CSI report by a DL assignment does not need to be considered for URLLC. There is also no need to increase UE complexity to support a shorter CSI computation time. 

Observation 5: For sporadic services, periodic/semi-persistent CSI reporting with high accuracy is inefficient.

Observation 6: For the TDD systems at 4 GHz, SRS triggering can provide up-to-date precoding information with minimum latency while a RSRP/RSRQ report can provide SINR information. 

Observation 7: A GC-PDCCH triggering CSI reports can enable a gNB to obtain on-demand CSI reports prior to scheduling PDSCH transmissions to a UE and without relying on periodic/semi-persistent CSI reports. 
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