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Introduction
Substantial progress was achieved in RAN1#101e towards finalizing the URLLC specifications on UL control and nearly all open issues were resolved. This contribution considers maintenance aspects on UL control for URLLC. 


Maintenance on UL control for URLLC
Priority Indication
One open issue is the case when the priority indicator field is not included in the DCI formats. This issue was discussed in RAN1#101e without conclusion. The relevant RAN1 agreements from RAN1#99 are captured below for reference.

Agreement
It is allowed to configure both DCI format 0_1/1_1 and DCI format 0_2/1_2 to be monitored in a certain search space set for scheduling the same cell. 
· This feature is UE optional 

Agreement
When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored 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.
· This feature is UE optional 

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

There are some fundamental reasons why indication of low/high priority (e.g. eMBB/URLLC service type) by a field in a DCI format is problematic.

A first reason is that the DCI format will be inappropriate for one or the other or both traffic types. As it is unreasonable to expect that a network will compromise eMBB traffic in order to also support URLLC with a same DCI format, DCI format 0_1/1_1 will be used for both eMBB and URLLC. The size difference between DCI format 1_1 and DCI format 1_2 can be as large as 3x. Even for a “typical” 2x difference, the additional SINR required (unnecessarily) for URLLC would be ~3 dB resulting to a material impact in coverage since URLLC typically requires several orders of magnitude smaller BLER than eMBB. Basically, a network should not operate URLLC with DCI format 1_1 of ~100 bits and will not accept a reduction in eMBB throughput by using a DCI format 1_2 size of ~40 bits. 

Observation 1: For priority indication by a single DCI format for eMBB/URLLC services, DCI formats 0_2/1_2 will never be used in practice. 

Observation 2: Relying on priority indicator to schedule eMBB and URLLC traffic using a single DCI format will result to material reduction in coverage.

A second reason is that the configurations of various parameters in the specifications do not support use of a single DCI format to schedule different traffic types. For example, HARQ-ACK timing is defined by dl-DatatoUL-ACK and by dl-DataToUL-ACK-ForDCI-Format1-2 and it is not possible to indicate different values for HARQ-ACK slot timing (slot or sub-slot) using a same DCI format. The same applies to several other configurations such as the reference SLIV or the number of cells for CA with Rel-15/Rel-16 PDCCH monitoring. 

A specific example is given below for the MCS table for PDSCH receptions/PUSCH transmissions where the following is captured in [1]. Basically, in PDSCH_Config, if mcs-TableForDCI-Format1-2-r16 is provided, it can indicate either MCS Table 5.1.3.1-3 that is appropriate to URLLC or Table 5.1.3.1-2 which is largely inapplicable for URLLC; otherwise, the default (non-low-SE, no-256 QAM) MCS Table (Table 5.1.3.1-1) is used. Typical URLLC deployments will need to use the low-SE MCS Table while typical eMBB deployments will need to use the default or the 256-QAM MCS Table. This is not possible to do with a single DCI format indicating a priority and both DCI format 1_1 and DCI format 1_2 will need to be used.

	[bookmark: _Toc11352091][bookmark: _Toc20317981][bookmark: _Toc27299879][bookmark: _Toc29673144][bookmark: _Toc29673285][bookmark: _Toc29674278][bookmark: _Toc36645508]5.1.3.1	Modulation order and target code rate determination
For the PDSCH scheduled by a PDCCH with DCI format 1_0, format 1_1 or format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI, or for the PDSCH scheduled without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration SPS-Config, 
if the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
…
else
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
end



Observation 3: Use of a single DCI format to schedule traffic with different BLER/latency requirements (eMBB/URLLC) is not practically supported by the specifications.

Although not of fundamental nature, some additional benefits of using different DCI formats are:
a) A UE can prioritize decoding of “URLLC” DCI formats (DCI formats 0_2/1_2) – this can loosen delay budget requirements by a few additional symbols and is important to enable for URLLC.
b) Search space set design is simplified as number of PDCCH candidates/CCE aggregation level can be adjusted for the corresponding service/PDCCH target BLER. For example, search space sets for Rel-15 PDCCH monitoring can include only Rel-15 DCI formats while search space sets for Rel-16 PDCCH monitoring can include DCI formats 0_2/1_2. 

In general, whenever different functionalities requiring substantially different DCI format sizes or target BLERs were introduced in 3GPP, different DCI formats were also introduced to support them. This was also followed in Rel-16 for the sidelink where DCI format 3_0 was introduced (instead of introducing a “SL vs. Uu” indicator in a DCI format). The Rel-16 specifications provide full support to the use of DCI format 0_1/1_1 to schedule eMBB traffic and the use of DCI format 0_2/1_2 to schedule URLLC traffic. 

Proposal: If the priority indicator field is not configured in DCI formats, DCI formats 0_1/1_1 correspond to priority 0 and DCI formats 0_2/1_2 correspond to priority 1. 

The above proposal can be captured with the following text proposal in TS 38.213.

	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190]9	UE procedure for reporting control information
*** Unchanged text is omitted ***
A PUSCH or a PUCCH transmission, including repetitions if any, can be of priority index 0 or of priority index 1. For a configured grant PUSCH transmission, a UE determines a priority index from priority, if provided. For a PUCCH transmission with HARQ-ACK information corresponding to a SPS PDSCH reception or a SPS PDSCH release, a UE determines a priority index from harq-CodebookID, if provided. If a priority index is not provided to a UE for a PUSCH or a PUCCH transmission, the priority index is 0. 
If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If a UE is configured to monitor PDCCH for DCI format 0_1, DCI format 1_1, DCI format 0_2, and DCI format 1_2 and none of the DCI formats includes a priority indicator field, a PUSCH transmission scheduled by DCI format 0_1 has priority 0, a PUSCH transmission scheduled by DCI format 0_2 has priority 1, a PUCCH transmission triggered by DCI format 1_1 has priority 0, and a PUCCH transmission triggered by DCI format 1_2 has priority 1.
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines to transmit
*** Unchanged text is omitted ***




Conclusions
This contribution considered maintenance issues for UL control in Rel-16 URLLC and proposes the following.

Proposal: Adopt the following text proposal for TS 38.213 v16.2.0. 


	9	UE procedure for reporting control information
*** Unchanged text is omitted ***
A PUSCH or a PUCCH transmission, including repetitions if any, can be of priority index 0 or of priority index 1. For a configured grant PUSCH transmission, a UE determines a priority index from priority, if provided. For a PUCCH transmission with HARQ-ACK information corresponding to a SPS PDSCH reception or a SPS PDSCH release, a UE determines a priority index from harq-CodebookID, if provided. If a priority index is not provided to a UE for a PUSCH or a PUCCH transmission, the priority index is 0. 
If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If a UE is configured to monitor PDCCH for DCI format 0_1, DCI format 1_1, DCI format 0_2, and DCI format 1_2 and none of the DCI formats includes a priority indicator field, a PUSCH transmission scheduled by DCI format 0_1 has priority 0, a PUSCH transmission scheduled by DCI format 0_2 has priority 1, a PUCCH transmission triggered by DCI format 1_1 has priority 0, and a PUCCH transmission triggered by DCI format 1_2 has priority 1.
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines to transmit
*** Unchanged text is omitted ***



In addition, the following observations are made.

Observation 1: For priority indication by a single DCI format for eMBB/URLLC services, DCI formats 0_2/1_2 will never be used in practice. 

Observation 2: Relying on priority indicator to schedule eMBB and URLLC traffic using a single DCI format will result to material reduction in coverage.

Observation 3: Use of a single DCI format to schedule traffic with different BLER/latency requirements (eMBB/URLLC) is not practically supported by the specifications.
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