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Introduction
This contribution considers UL control signaling enhancements for URLLC according to the following scope of the URLLC WI [1]

· 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


HARQ-ACK Transmission
HARQ-ACK timing indication
Rel-16 URLLC needs to support variable PUCCH transmission timing granularity ranging from symbol level (e.g. 15 kHz SCS) to slot level as in Rel-15 (e.g. 120 kHz). Also, different URLLC services target different data TB sizes and require different L1 latencies (the larger the TB size, the more relaxed the latency requirement [2]). There are several functionally equivalent ways to achieve variable PUCCH transmission timing granularity, for example as captured in [3]. To avoid unnecessary specification impact, minimize changes to UE/gNB implementations, and support operation for all SCS configurations and/or all latency requirements, the granularity of the PDSCH-to-HARQ_feeback timing indicator field value (K1 value) can be configured to be from 1 symbol to 1 slot. No other change is needed to the Rel-15 operation.

Proposal 1: HARQ-ACK feedback timing granularity (K1 value) is configurable between 1 symbol and 1 slot. 


Number of PUCCH transmissions per slot and applicable PUCCH formats
[bookmark: _GoBack]Another issue with the support of multiple PUCCH transmissions (with HARQ-ACK) per slot is their number. There is no apparent reason to specify this number and can follow from other gNB configurations. Further, there is no reason to limit multiple PUCCH transmissions to specific PUCCH formats. Unless a design problem is identified, there is no need for a restriction by specification to the number of PUCCH transmissions per slot or to the applicable PUCCH formats.
 
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 for a corresponding gNB configuration of PUCCH resources. 


Multiplexing HARQ-ACK for different service types
Support of different HARQ-ACK codebooks depending on the service type requires only parallelization of the Rel-15 operation. Identification of the HARQ-ACK codebook for a HARQ-ACK information bit can be based on the DCI format scheduling the corresponding PDSCH reception. As Rel-16 URLLC services do not require CA, there is no need to consider applicability to semi-static HARQ-ACK codebook (i.e. no difference from LTE Rel-8). No changes to the Rel-15 dynamic HARQ-ACK codebook design are needed. The number of DCI formats that a UE is configured for different services can determine the number of HARQ-ACK codebooks. For the Rel-16 URLLC services, there is no need for that number to be larger than two (e.g. for AR/VR in addition to eMBB). CBG configuration is unnecessary for most Rel-16 URLLC services (TB size is too small) but can be applicable for some services (e.g. AR/VR with TB size of 4096 or 10K bytes [1]), can help improve the reliability of retransmissions, and does not require additional specifications or UE/gNB implementation compared to Rel-15.
 
Proposal 2: The UE identifies the HARQ-ACK codebook from the associated DCI format. 

Observation 2: For Rel-16 URLLC, there is no need to support a semi-static HARQ-ACK codebook, no changes are needed to the Rel-15 dynamic HARQ-ACK codebook operation, and there is no need to preclude CBG configuration.


Multiplexing of URLLC and eMBB information
In general, for dynamically scheduled PDSCH receptions and PUSCH transmissions, the gNB has some control to avoid time overlapping between eMBB ones and URLLC ones. This control however does not exist for latency sensitive PUCCH/PUSCH transmissions or for grant-free PUSCH transmissions and defining prioritization rules for the UE behavior in case of collisions is necessary. 

The overall issue with respect to PUCCH and PUSCH collisions can be avoided and operation/specification can be significantly simplified by supporting simultaneous PUSCH and PUCCH transmissions from a UE (as a UE capability). This is a feature that LTE supports and although it was considered for NR Rel-15, it was not concluded due to time constraints. UE implementation requirements are simpler than in LTE, even for UEs that do not support UL CA, since OFDM is supported in the UL. The specification impact is expected to be trivial (similar to LTE). 

Proposal 3: Support simultaneous PUSCH and PUCCH transmissions, at least for UEs that support simultaneous eMBB and URLLC services, as a UE capability. 


Regardless of whether or not simultaneous PUSCH and PUCCH transmissions are supported, there can be PUSCH collisions (e.g. grant-free PUSCH for URLLC and grant-based PUSCH for eMBB). Also, if simultaneous PUSCH and PUCCH transmissions are not supported, there can be PUSCH and PUCCH collisions. The rules to resolve collisions can follow Rel-15. 

Dynamically scheduled/triggered transmissions have higher priority than RRC configured ones - Type 1 grant-free PUSCH and PUCCH with positive SR are not considered RRC configured transmissions as they are dynamically triggered (by the UE). 

Dynamically scheduled/triggered transmissions associated with URLLC services (grant-based/grant-free PUSCH, HARQ-ACK, SR, SRS) have higher priority than transmissions associated with eMBB services.

Other collision cases are considered an error and the UE behavior is not defined.

The above also imply that multiplexing of UCI associated with a URLLC service in a PUSCH associated with eMBB service is not supported. In all cases, timeline conditions as in Rel-15 remain applicable.

Proposal 4: For time overlapping of PUCCH and PUSCH transmissions associated with different service types and subject to a timeline for cancelling an ongoing transmission
· A dynamically scheduled/triggered transmission (grant-based/Type 1 grant-free PUSCH, HARQ-ACK, SR, SRS) associated with a URLLC has higher priority than a transmission associated with eMBB
· UCI multiplexing in a PUSCH transmission is not supported


For time overlapping of Type 1 grant-free PUSCH and PUCCH transmissions, it is not an error case when the timeline condition for multiplexing UCI in the PUSCH is not satisfied and the UE drops the PUCCH. Prioritization for the case of a PUCCH with HARQ-ACK for URLLC PDSCH and a Type 1 grant-free PUSCH, when HARQ-ACK multiplexing in the PUSCH is not possible, can either be configured by the gNB or the earlier transmission can be prioritized. 
 
Proposal 5: 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, due to timeline, 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.


In Rel-15, a UE reserves resources in a PUSCH for multiplexing up to 2 HARQ-ACK information bits. For eMBB PUSCH, this is not a significant problem as the PUSCH typically spans several symbols on each hop. For URLLC and small SCS, this is not always the case, the first PUSCH symbol needs to include DMRS REs, and the second PUSCH symbol needs to include HARQ-ACK REs. Support of simultaneous PUSCH and PUCCH transmissions also avoids this problem but, if supported, it is likely to be an optional feature. A simple solution is for a UE to be configured whether or not to multiplex HARQ-ACK information in a PUSCH (both for URLLC service). If the UE is not configured to multiplex HARQ-ACK information in a PUSCH, the UE can be configured which transmission to prioritize (or the UE can prioritize the later scheduled transmission). 
 
Proposal 6: If a UE does not support simultaneous PUSCH and PUCCH transmissions, the UE is configured whether or not to multiplex HARQ-ACK information in a PUSCH. 


Configuration of parameters for UCI transmission







PUCCH resources associated with eMBB and URLLC clearly need to be separately configured. As the difference between target BLERs for UCI and data can, in general, be different for URLLC and eMBB, the UCI resource determination in a PUSCH transmission needs to be separately configured for each service type (i.e separate configuration for  and  values). Values for  and  that are not supported in Rel-15 do not seem necessary, as Rel-15 already supports a very wide range of data/UCI BLER ratios, and may be considered in the WI phase. Similar to the PUCCH resource determination or the HARQ-ACK codebook determination, the  and  values can be determined from the DCI format scheduling the PUSCH transmission (they are configured for grant-free PUSCH transmissions). The same applies for power control parameters which should also be differentiated per UCI type as a same BLER for a same payload should not be mandated for HARQ-ACK, SR, and CSI (similar principle to configuring  values per UCI type). 



Proposal 7: Parameters associated with a PUCCH transmission (resource, K1 values, power control) or with UCI multiplexing in a scheduled PUSCH transmission ( and  values) are separately configured for eMBB and URLLC and the determination of applicable values is based on the associated DCI format.  

Proposal 8: PUCCH power control parameters are separately configured per UCI type.




Observation 3: The Rel-15  and  sets of values seem sufficient for Rel-16 URLLC.   


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

Proposal 1: HARQ-ACK feedback timing granularity (K1 value) is configurable between 1 symbol and 1 slot. 

Proposal 2: The UE identifies the HARQ-ACK codebook from the associated DCI format. 

Proposal 3: Support simultaneous PUSCH and PUCCH transmissions, at least for UEs that support simultaneous eMBB and URLLC services, as a UE capability. 

Proposal 4: For time overlapping of PUCCH and PUSCH transmissions associated with different service types and subject to a timeline for cancelling an ongoing transmission
· A dynamically scheduled/triggered transmission (grant-based/Type 1 grant-free PUSCH, HARQ-ACK, SR, SRS) associated with a URLLC has higher priority than a transmission associated with eMBB
· UCI multiplexing in a PUSCH transmission is not supported

Proposal 5: 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, due to timeline, 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 6: If a UE does not support simultaneous PUSCH and PUCCH transmissions, the UE is configured whether or not to multiplex HARQ-ACK information in a PUSCH. 



Proposal 7: Parameters associated with a PUCCH transmission (resource, K1 values, power control) or with UCI multiplexing in a scheduled PUSCH transmission ( and  values) are separately configured for eMBB and URLLC and the determination of applicable values is based on the associated DCI format.  


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 for a corresponding gNB configuration of PUCCH resources. 

Observation 2: For Rel-16 URLLC, there is no need to support a semi-static HARQ-ACK codebook, no changes are needed to the Rel-15 dynamic HARQ-ACK codebook operation, and there is no need to preclude CBG configuration.



Observation 3: The Rel-15  and  sets of values seem sufficient for Rel-16 URLLC.   
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