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Introduction
In RAN1 #99, UCI enhancements for NR URLLC was discussed with following working assumptions:
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

Working assumption:
· For handling the overlapped SR with high PHY priority and PUSCH with high PHY priority, no new mechanism in Rel-16 from RAN1 perspective. 
· Can be revisited especially if there is update from RAN2
In this contribution, we discuss the remaining issues and text proposal of UCI enhancements for URLLC.
Remaining issues
1.1 Determination of HARQ-ACK codebook corresponding to DCI format 1_0 when two sub-slot-based HARQ-ACK codebooks are configured
To guarantee the DL fallback transmission without the ambiguity about PDSCH to HARQ-ACK timing, especially during RRC reconfiguration, we suggest that slot-based K1 shall be kept in DCI format 1_0. 
Proposal 1: Slot-based K1 shall be kept in DCI format 1_0.

When two sub-slot-based HARQ-ACK codebooks are configured to a UE and a DCI format 1_0 is received, the following methods can be considered to generate HARQ-ACK codebook:
· Method 1: The low-priority sub-slot-based codebook falls back to slot-based codebook. The sub-slot-based HARQ-ACK bits are multiplexed with the HARQ-ACK corresponding to DCI format 1_0 in a slot-based codebook.


Figure 1. Method 1 of determining HARQ-ACK codebook for DCI format 1_1
· Method 2: HARQ-ACK for DCI format 1_0 is mapped into the low-priority sub-slot-based codebook.


Figure 2. Method 2 of determining HARQ-ACK codebook for DCI format 1_1
· Method 3: The low-priority sub-slot-based codebook is canceled. Slot-based codebook only contains the HARQ-ACK for DCI format 1_0 is constructed with low-priority.


Figure 3. Method 3 of determining HARQ-ACK codebook for DCI format 1_1
Comparing to method 3, method 1/2 may achieve a better system performance, because the probability of HARQ-ACK dropping is lower. However, additional enhancements are needed to support multiplexing of HARQ-ACK bits with different priority on one PUCCH. Therefore, for Rel-16 URLLC we slightly prefer Method 3. Further enhancements can be considered in Rel-17. 
Proposal 2: When two sub-slot-based HARQ-ACK codebooks are configured and a DCI format 1_0 is received, the low-priority sub-slot-based codebook is canceled, and slot-based codebook only contains the HARQ-ACK for DCI format 1_0 is constructed with low-priority.
1.2 Intra-UE UL collision
Based on the agreement made in RAN1#99, to resolve collision between UL transmissions, a UE firstly resolve collision between UL transmissions with same priority, and then resolve collision between UL transmissions with different priorities.
To resolve the collision between UL transmissions with same priority, Rel-15 mechanism is used. One example is shown in Figure 4, one PUSCH overlaps with two sub-slot PUCCHs with same priority and Rel-15 multiplexing timelines are satisfied, both HARQ-ACK bits from PUCCH 1 and PUCCH 2 should be multiplexed into the PUSCH. This situation does not exist in Rel-15. One solution is that two sub-slot HARQ-ACK codebooks are concatenated based the time sequence of multiple PUCCHs, i.e. appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook.


Figure 4. UL collision between slot-based PUSCH and sub-slot-based PUCCH
Proposal 3: If a PUSCH of a given priority overlaps with two sub-slot PUCCHs of the same priority for HARQ-ACK, all HARQ-ACK bits are multiplexed in PUSCH when the timeline is satisfied.
· Appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook.

Furthermore, confirm the working assumptions about the handling of the overlapped SR and PUSCH.
Proposal 4: Confirm the working assumption that for handling the overlapped SR with high PHY priority and PUSCH with high PHY priority, no new mechanism in Rel-16 from RAN1 perspective. 
1.3 PHY priority
Confirm the working assumptions about the PHY identification of the priority, i.e. 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 with one configured bit as priority indicator. Furthermore, the default priority should be defined for DCI without the priority indicator field. For DCI format 0_0/0_1/1_0/1_1, the default priority should be low. However, considering DCI format 0_2/1_2 is introduced mainly for scheduling URLLC transmission with low DCI overhead, the default priority of DCI format 0_2/1_2 should be high.
Proposal 5: Confirm the following working assumptions
· 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
Proposal 6: The default priority of DCI format 0_0/0_1/1_0/1_1 is low, and the default priority of DCI format 0_2/1_2 is high.
Text proposals
In RAN1#99, the following agreement was made for intra-UE collision handling. 
	Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission



This agreement is not included in the specification.
Proposal 7: The timeline conditions for intra-UE collision handling with PUCCH of a priority should be added into TS38.213.

--------------------------------------------------Text proposal for TS38.213--------------------------------------------------
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……
[bookmark: _GoBack]A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, 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, Aafter resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmits a PUCCH or PUSCH of larger priority index if the following timeline conditions are satisfied:
-	the first symbol of a PUCCH or PUSCH of larger priority index starts not before N symbols after the end of the last symbol of the PDCCH schedules the PUCCH or PUSCH of larger priority index, where N = Tproc,2 + d2, where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH using the associated PUSCH timing capability according to [6.4, TS38.214] and d2 is determined by the reported UE capability [YYYYY].
-	The overlapping condition is per repetition of the uplink transmission.
A UE determines to transmit
-	a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH
-	a PUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH 
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 
The UE is expected to cancel a PUCCH or PUSCH of smaller priority index starting from Tproc,2 +d1 after the end of PDCCH scheduling a PUCCH or PUSCH of larger priority index, where Tproc,2 is given in [6.4, TS 38.214] for the corresponding PUSCH timing capability assuming d2,1 = 0 and d1 is determined by the reported UE capability [XXXXX].

In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or the PUSCH.



Conclusions
In this contribution, we show our views on UCI enhancements for URLLC with following proposals:
Proposal 1: Slot-based K1 shall be kept in DCI format 1_0.
Proposal 2: When two sub-slot-based HARQ-ACK codebooks are configured and a DCI format 1_0 is received, the low-priority sub-slot-based codebook is canceled, and slot-based codebook only contains the HARQ-ACK for DCI format 1_0 is constructed with low-priority.
Proposal 3: If a PUSCH of a given priority overlaps with two sub-slot PUCCHs of the same priority for HARQ-ACK, all HARQ-ACK bits are multiplexed in PUSCH when the timeline is satisfied.
· Appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook.
Proposal 4: Confirm the working assumption that for handling the overlapped SR with high PHY priority and PUSCH with high PHY priority, no new mechanism in Rel-16 from RAN1 perspective.
Proposal 5: Confirm the following working assumptions
· 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
Proposal 6: The default priority of DCI format 0_0/0_1/1_0/1_1 is low, and the default priority of DCI format 0_2/1_2 is high.
Proposal 7: The timeline conditions for intra-UE collision handling with PUCCH of a priority should be added into TS38.213.
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