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Introduction
Substantial progress was made in RAN1#98bis for the design of UL control signaling for URLLC services. This contribution primarily considers remaining issues that need to be resolved to complete the UL control design for URLLC. Residual issues are also outlined.  


UL Control Signaling
HARQ-ACK Codebooks
For a UE supporting service types with different priorities (i.e. 0 and 1), one remaining issue is how to determine a priority for HARQ-ACK information in case a same DCI format size is used to schedule PDSCH for more than one of the service types. This determination is needed not only for HARQ-ACK information but also for almost every UE procedure as the interpretation of the bits in the DCI format and the configurations of RRC parameters almost entirely depend on the priority associated with a DCI format – this is further discussed in [1]. For SPS PDSCH, the determination of priority is complete and nothing additional is needed despite some FFS aspects from RAN1#98bis. The same applies for HARQ-ACK where Type-1 HARQ-ACK codebook is unnecessary for URLLC [2].

One residual issue is how to support the following agreement. Support for of slot-based and sub-slot-based HARQ-ACK codebooks with different priorities is straightforward based on agreed configurations. To support HARQ-ACK codebooks that are both slot-based, SubslotLength-ForPUCCH should also include 14 symbols (in addition to 2 and 7 symbols). To support HARQ-ACK codebooks associated with different priorities and are both “sub-slot”-based, one of the following can be considered 
a) a priority indicator field can be added to DCI format 1_2 when a UE is configured two “sub-slot”-based HARQ-ACK codebooks
b) a UE can expect to be configured with different sizes of DCI format 1_2 for each priority when the UE is configured two “sub-slot”-based HARQ-ACK codebooks
c) no further specification support for two “sub-slot”-based HARQ-ACK codebooks in Rel=15

Agreements:
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based
· Both are sub-slot-based

Proposal 1: SubslotLength-ForPUCCH includes 14 symbols. 

Proposal 2: Consider whether/how to support two “sub-slot”-based HARQ-ACK codebooks in Rel-16. 


Resolving overlapping
In general, the Rel-15 conditions and timelines can remain applicable. 

The timeline for dropping an ongoing transmission can remain Tproc,2 and use UE capability 2. 

The conditions that the UE can expect to multiplex UCI in a PUSCH can remain as in Rel-15. For example, for URLLC traffic, a UE does not expect to be scheduled a PUSCH transmission before being scheduled a PDSCH reception and being indicated to transmit HARQ-ACK at a time that would overlap with the PUSCH transmission time. The reason for maintaining the Rel-15 conditions for what the UE expects for URLLC services is simply because, like in Rel-15, there are not different DL and UL priorities for a same service priority type. TDD operation can be a motivation for reverting some Rel-15 scheduling conditions but that would not affect the maximum possible latency. Moreover, from a UE implementation perspective, it is more preferable to support simultaneous PUSCH and PUCCH transmissions instead of defining new, more stringent, timelines for PUSCH preparation. 

Proposal 3: Scheduling conditions and timelines for dropping ongoing transmissions remain as in Rel-15. 


In RAN1#98, the following was agreed.
Agreements:
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)

Regarding the FFS aspects, the first FFS can be regarded as an error case. It is only applicable when the sub-slot length is 7 symbols (it is N/A for 2 symbols and Rel-15 applies for 14 symbols). There is no identifiable reason why the gNB would configure SR to be transmitted in 1 symbol and HARQ-ACK of 1-2 bits to be transmitted in 4-7 symbols – the alternative would be unpredictable SR or HARQ-ACK transmission as one would probably have to be dropped. For the second FFS aspect, Rel-15 applies since if the latency for PF 2, 3, 4 is acceptable for HARQ-ACK, it is acceptable for SR and no information will be lost.

Observation 1: Rel-15 rules for UCI multiplexing are sufficient for URLLC.  


One case that needs to be addressed in the collision of CG-PUSCH with HARQ-ACK. The gNB does not know whether the UE is transmitting CG-PUSCH when the gNB indicates a PUCCH resource for the UE to transmit HARQ-ACK. For example, the UE may start a CG-PUSCH transmission and at the same time detect a DCI format scheduling a PDSCH and indicating a PUCCH resource for HARQ-ACK transmission that overlaps with later symbols of the CG-PUSCH transmission. The simpler choice in such case would be for the UE to prioritize the ongoing transmission (e.g. pretend it did not detect the DCI format). 

Observation 2: A collision between CG-PUSCH and PUCCH with HARQ-ACK can be handled by UE implementation.  


PUCCH Transmission 
A UE that supports UL CA, supports simultaneous PUSCH transmissions on different cells. A PUSCH transmission can include only UCI (and for PUCCH format 2 or 3, it is practically same as a PUCCH transmission). A UE that supports UL CA can also support simultaneous PUSCH and PUCCH transmissions as long as the cells are tagged to be in different cell groups. It should be evident that there is no reason for not supporting simultaneous PUSCH and PUCCH transmissions on different cells of a cell group by a UE capable of UL CA. This would avoid dropping lower priority transmissions when they overlap in time with higher priority transmissions with trivial specification support and without additional gNB/UE complexity. 

Proposal 4: Support simultaneous PUSCH and PUCCH transmissions by a UE capable of UL CA. 
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Proposal 5: A UE can be configured to transmit SR with power ramping. 


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

Proposal 1: SubslotLength-ForPUCCH includes 14 symbols. 

Proposal 2: Consider whether/how to support two “sub-slot”-based HARQ-ACK codebooks in Rel-16. 

Proposal 3: Scheduling conditions and timelines for dropping ongoing transmissions remain as in Rel-15. 

Proposal 4: Support simultaneous PUSCH and PUCCH transmissions by a UE capable of UL CA. 

Proposal 5: A UE can be configured to transmit SR with power ramping. 


In addition, the following are observed.

Observation 1: Rel-15 rules for UCI multiplexing are sufficient for URLLC.  

Observation 2: A collision between CG-PUSCH and PUCCH with HARQ-ACK can be handled by UE implementation.  
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