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Introduction
This contribution focuses on open issues on the UL control signaling design for the completion of the URLLC specifications considering the guidance and the limitations of the e-meeting. 


Remaining issues on UL control for URLLC
One open issue relates to whether or not additional mechanisms are considered for PUCCH resource determination when DCI format 1_2 does not include a PUCCH resource indicator field. Following the allocation of PUCCH resources as the number of bits for the PUCCH resource indicator field decreases [2] (3/2/1/0 bits map to the first 8/4/2/1 PUCCH resources), it is straightforward to use the first of the PUCCH resources provided by PUCCH-ResourceSet for a PUCCH transmission with HARQ-ACK information when DCI format 1_2 does not include a PUCCH resource indicator field. It has been suggested to instead introduce an implicit approach, similar to the Rel-15 one prior to the UE obtaining PUCCH resources by UE-dedicated RRC signaling, in order to provide more flexibility in PUCCH resource allocation. However, this is neither justified nor is it an essential functionality to be introduced. 

It is generally unlikely that a large number of UEs with statistically sporadic URLLC service will need to provide HARQ-ACK information in a same sub-slot. Even for such cases, the gNB can choose to not have a zero number of bits for the PUCCH resource indicator field. Also, in such cases, an implicit PUCCH resource determination based on Rel-15 is equivalent to one bit for PUCCH resource indication and this can be problematic to avoid PUCCH resource collisions due to associated scheduling restrictions (Rel-15 also has an explicit component). Further, the loss of flexibility between having a PUCCH resource indicator field of 1 bit and not having a PUCCH resource indicator field is marginal. A network can choose to support absence of a PUCCH resource allocation field by assigning a different first PUCCH resource to some UEs (e.g. for multiplexing in a same PRB) and, for applications where few URLLC UEs need to provide HARQ-ACK in a PUCCH over a same sub-slot and/or a latency of an additional sub-slot can be statistically tolerated, a different value for the PDSCH-to-HARQ_feedback timing indicator field can also be used to avoid a rare collision. 
 
Proposal 1: Conclude that PUCCH resources corresponding to a PUCCH resource allocation field with 3/2/1/0 bits are the first 8/4/2/1 configured PUCCH resources. There is no need for additional mechanisms.

	[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304]9.2.3	UE procedure for reporting HARQ-ACK
[…]
The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table 9.2.3-2 for a PUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. If the PUCCH resource indicator field includes 1 bit or 2 bits, the values map to the first 2 values or the first 4four values, respectively, of Table 9.2.3-2. If DCI format 1_2 does not include a PUCCH resource indicator field, a PUCCH resource associated with DCI format 1_2 is provided by the first value of Table 9.2.3-2. 
[…]




Another open issue relates to UCI multiplexing in a PUSCH when multiple PUCCHs would overlap in time with the PUSCH (e.g. [1]). A similar case could occur in Rel-15 when a PUCCH SCS is larger than a PUSCH SCS, a corresponding overlapping of multiple PUCCHs with a single PUCCH was treated as an error case, and it is captured in [2] as “A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if ”. 

For the same reason, such overlapping should be considered as an error case in Rel-16 as the underlying cause is same – a transmission time unit for a PUCCH being smaller than a transmission time unit for a PUSCH. It is noted that other alternatives, such as multiplexing in the PUSCH the UCI from the earlier (later) PUCCH and dropping the UCI from later (earlier) PUCCHs would only impact UE implementation and specification without making any difference since the gNB can typically control such overlapping and would have no reason to allow it when UCI would anyway be dropped. It is noted that this relates only to HARQ-ACK (P/SP-CSI is multiplexed in slot based PUCCH transmissions and SR is not multiplexed in a PUSCH). Further, from a latency perspective, the length of the PUSCH transmission would determine the latency budget for a same priority traffic and therefore, the practical applicability in URLLC of a ‘long’ PUSCH and a ‘short’ PUCCH is marginal.   

Proposal 2: Adopt the following TP for [2].

	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290]9	UE procedure for reporting control information
[…]
In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH.
If a slot of a PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH, a UE does not expect to multiplex in a PUSCH transmission in one slot UCI that the UE would multiplex in more than one PUCCH transmissions. 
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
[…]
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration [image: ] UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration [image: ] if [image: ]. 




Another open issue is the possible values of subslotLength-ForPUCCH for extended CP (ECP). A value of subslotLength-ForPUCCH for normal CP is either 2 or 7 symbols and this divides the number of slot symbols (14) to an integer number. For ECP, a value of subslotLength-ForPUCCH should either 2 or 6 symbols.  

Proposal 3: A value of subslotLength-ForPUCCH for ECP is either 2 or 6 symbols.


Another open issue is the priority of aperiodic SRS (A-SRS) that is triggered by a DCI format indicating a priority type. There is no apparent reason for the A-SRS to have a different priority type than the one indicated by the DCI format. For example, if an A-SRS transmission were to always be of lower priority then, as for an A-SRS transmission the priority type is only used to resolve collisions, there would be no reason for a gNB to trigger A-SRS by a DCI format indicating higher priority. It is also noted that a DCI format indicating higher priority is typically associated with lower latency and is then not transmitted before a DCI format indicating lower priority. It is further noted that A-SRS is also used to provide CSI and A-CSI already has the priority of the DCI format scheduling its transmission (although this is by default due to the corresponding PUSCH priority).    

Proposal 4: A priority of a A-SRS transmission is same as a priority indicated by a DCI format triggering the A-SRS transmission.


One WA from RAN#99 that also requires more generalization to complete the specifications is the following.

Working assumption:
When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0

The WA should be confirmed for the case that only DCI format 0_1/1_1 is configured, or only DCI format 0_2/1_2 is configured, in USS per BWP. The existing specifications support it, there is no identified problem, and there is no clear alternative if reverted. 

The case that a UE is configured search space sets for both DCI format 0_1 and DCI format 0_2, or for both DCI format 1_1 and DCI format 1_2, needs to be resolved to complete the specifications. In general, DCI format 0_2 or DCI format 1_2 do not have a same size as DCI format 0_1 and/or DCI format 1_1 (e.g. to avoid overhead when size matching is not needed such as when DCI format 0_2 and 1_2 have a first size, DCI format 0_1 and 1_1 have a second size and the first size is smaller than the second size). Then, including the 1-bit priority indicator field in the DCI formats is not fundamentally necessary as there is no direct need to allow each DCI format to be dynamically used to schedule data of different priority. Nevertheless, uniform specifications and implementations are obtained if, instead of relying on the DCI format size, the priority indicator bit is always used to indicate priority of scheduled data.  

A motivation for not relying on the priority indicator bit is to provide an ability to a UE to first decode specific DCI formats (e.g. ones with smaller size when associated with traffic requiring lower latency) instead of determining the priority of data/control after detecting an associated DCI format. This also assumes separate search space sets for DCI formats 0_1/1_1 and DCI formats 0_2/1_2 and although sharing of search space sets is optional, the specifications will need to address both cases. Further, an actual latency reduction will depend on other gNB configurations such as the number of PDCCH candidates per DCI format and whether or not different CORESETs are used (i.e. whether channel estimation and demodulation can also be separated for the DCI formats). It is further noted that a UE capability for PDCCH monitoring is shared between slot-based PDCCH monitoring and span-based PDCCH monitoring and that there is no latency reduction in case the DCI formats have same size.

Considering the above, although using DCI format sizes to identify priority types can result to latency reduction of ~1 symbol (if only decoding and not channel estimation and demodulation is separated), it is in principle preferred to avoid features that are not necessary for completing the specifications or are not essential corrections. 

Observation 1: Using different DCI format sizes to identify different priority types allows for latency reduction in some scenarios, requires small additional specification support, and does not allow a DCI format to dynamically indicate a priority type.   


Conclusions
This contribution considered open issues related to UL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Conclude that PUCCH resources corresponding to a PUCCH resource allocation field with 3/2/1/0 bits are the first 8/4/2/1 configured PUCCH resources. There is no need for additional mechanisms.

	9.2.3	UE procedure for reporting HARQ-ACK
[…]
The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table 9.2.3-2 for a PUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. If the PUCCH resource indicator field includes 1 bit or 2 bits, the values map to the first 2 values or the first 4four values, respectively, of Table 9.2.3-2. If DCI format 1_2 does not include a PUCCH resource indicator field, a PUCCH resource associated with DCI format 1_2 is provided by the first value of Table 9.2.3-2. 
[…]




Proposal 2: Adopt the following TP for [2].

	9	UE procedure for reporting control information
[…]
In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH.
If a slot of a PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH, a UE does not expect to multiplex in a PUSCH transmission in one slot UCI that the UE would multiplex in more than one PUCCH transmissions. 
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
[…]
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration [image: ] UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration [image: ] if [image: ]. 




Proposal 3: A value of subslotLength-ForPUCCH for ECP is either 2 or 6 symbols.

Proposal 4: A priority of a A-SRS transmission is same as a priority indicated by a DCI format triggering the A-SRS transmission.


In addition, the following observation is made.

Observation 1: Using different DCI format sizes to identify different priority types allows for latency reduction in some scenarios, requires small additional specification support, and does not allow a DCI format to dynamically indicate a priority type.   
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