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Introduction
In RAN1 #99, UCI enhancements for NR URLLC was discussed with following working assumption and agreement:
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
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
In this contribution, we discuss the remaining issues of UCI enhancements for URLLC.
Remaining issues
1.1 Configured parameters in PUCCH-Config
Based on the agreements made in RAN1 #98bis, P/SP-CSI on PUCCH is treated with low priority. Therefore, the PUCCH resources used for CSI transmission should be configured by the PUCCH-Config used for HARQ-ACK with low priority.
Proposal 1: When two PUCCH-Configs are configured,
· The multi-CSI-PUCCH-Resourcelist is only configured in the PUCCH-Config used for HARQ-ACK with low priority.
· A PUCCH-ResourceId in both PUCCH-CSI-Resource and multi-CSI-PUCCH-Resourcelist refers to a PUCCH-Resource in the PUCCH-Config used for HARQ-ACK with low priority.
Generally the payload of CSI report is larger than HARQ-ACK feedback, especially when multiple CSI reports are multiplexed in one PUCCH. If the PUCCH resources configured for CSI reports must follow the slot/sub-slot configuration of HARQ-ACK codebook, the usage of sub-slot PUCCH transmission for HARQ-ACK codebook with low priority will be restricted. Therefore, we support that both the periodicity and the PUCCH resource for CSI report is not limited by the sub-slot configured for HARQ-ACK codebook with low priority. In the other word, when sub-slot PUCCH resources are configured to HARQ-ACK with low priority, slot-based PUCCH resources should be configured for CSI in the same PUCCH-Config.
Proposal 2: When sub-slot PUCCH resources are configured to HARQ-ACK with low priority, slot-based PUCCH resources should be configured for CSI in the same PUCCH-Config.
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. However, the cases that one uplink channel overlaps with more than one sub-slot PUCCHs for HARQ-ACK with the same priority does not exist in Rel-15. Therefore, the handling for these cases need be discussed:
(1). Case 1: One PUSCH overlaps with multiple sub-slot PUCCHs for HARQ-ACK and Rel-15 multiplexing timelines are satisfied.
One example is shown in Figure 1, based on current agreements, both HARQ-ACK bits from PUCCH 1 and PUCCH 2 should be multiplexed into the PUSCH. One solution is that two sub-slot HARQ-ACK codebooks are concatenated based the time sequence of multiple PUCCHs to generate a new HARQ-ACK codebook, i.e. appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook. The number of REs in PUSCH used to transmit HARQ-ACK is calculated based on the total number of bits of the new HARQ-ACK codebook.


Figure 1. Handling the collision between PUSCH and multiple sub-slot PUCCHs for HARQ-ACK

(2). Case 2: One PUCCH for CSI report overlaps with multiple sub-slot PUCCHs for HARQ-ACK, and at least one of the multiple sub-slot PUCCHs is in response to a DCI.
Option 1: If Rel-15 multiplexing timelines are satisfied, the CSI report and the first HARQ-ACK codebook with a DCI are multiplexed, and the PUCCH resource is determined by the PRI in the DCI. A UE does not expect the overlapped channels do not satisfy the multiplexing timelines.


Figure 2. Option 1 for handling the collision between PUCCH for CSI and multiple sub-slot PUCCHs for dynamic HARQ-ACK
Option 2: The CSI report and a given HARQ-ACK codebook that is in response to a DCI are multiplexed, and the PUCCH resource is determined by the PRI in the DCI, wherein the given HARQ-ACK codebook is transmitted in the first sub-slot PUCCH that satisfy the multiplexing timelines, as shown in Figure 3.


Figure 3. Option 2 for handling the collision between PUCCH for CSI and multiple sub-slot PUCCHs for dynamic HARQ-ACK
Since option 2 can release the scheduling limitation on multiplexing timelines for gNB, we propose that option 2 should be supported to handle the collision between PUCCH for CSI and sub-slot PUCCH for dynamic HARQ-ACK.
(3). Case 3: One PUCCH for CSI overlaps with multiple sub-slot PUCCHs for HARQ-ACK, and all of the sub-slot PUCCHs are used for SPS HARQ-ACK transmission.
If Rel-15 multiplexing timelines are satisfied, all of SPS HARQ-ACK bits and CSI report are multiplexed into the PUCCH indicated for CSI. Similar as case 1, multiple sub-slot HARQ-ACK codebooks are concatenated based the time sequence of multiple PUCCHs to generate a new HARQ-ACK codebook. If Rel-15 multiplexing timelines are not satisfied, CSI report will be dropped.


Figure 4. Handling the collision between PUCCH for CSI and multiple sub-slot PUCCHs for SPS HARQ-ACK
Proposal 3: If a PUSCH of a given priority overlaps with multiple sub-slot PUCCHs of the same priority for HARQ-ACK, all HARQ-ACK bits are multiplexed in PUSCH when Rel-15 timeline is satisfied.
· Appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook.
Proposal 4: If a PUCCH for CSI report overlaps with multiple sub-slot PUCCHs for HARQ-ACK with low priority, and at least one of the multiple sub-slot PUCCH is in response to a DCI, the CSI report and a given HARQ-ACK codebook is multiplexed into the PUCCH determined based on PRI in the DCI.
· The given HARQ-ACK codebook is transmitted in the first sub-slot PUCCH that satisfy the multiplexing timelines.
Proposal 5: If a PUCCH for CSI report overlaps with multiple sub-slot PUCCHs for SPS HARQ-ACK with low priority, all SPS HARQ-ACK bits are multiplexed in PUCCH resource indicated for CSI transmission when Rel-15 timeline is satisfied.
· Appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook.
1.3 PHY priority
Based on current agreements made in the agenda of PDCCH enhancements, the Priority indicator fields in DCI format 0_1/1_1/0_2/1_2 are separately configured by different RRC signaling. Except the Rel-15 limitation on DCI size alignment (i.e. the total number of different DCI sizes configured to monitor is more than 4 for the cell, and the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell), no additional limitation is needed. Therefore, we propose that in USS per BWP, DCI format 0_1/1_1/0_2/1_2 can be separately configured with Priority indicator field to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities.
Considering DCI format 0_2/1_2 is introduced mainly for scheduling URLLC transmission with low DCI overhead, the default priority should be different for DCI format 0_1/1_1/0_2/1_2 without the priority indicator field. Specifically, for DCI format 0_0/0_1/1_0/1_1, the default priority should be low, and the default priority of DCI format 0_2/1_2 should be high.
Proposal 6: In USS per BWP, DCI format 0_1/1_1/0_2/1_2 can be separately configured with Priority indicator field to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities.
Proposal 7: 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.
1.4 Cancellation timeline
Based on the current agreement, when a high-priority UL channel overlaps with a low-priority UL channel, the minimum processing time of the high priority channel is Tproc,2 +d2 after the end of PDCCH, and the minimum cancellation time of the low priority channel is Tproc,2 +d1 after the end of PDCCH. The values of d1 and d2 include 0, 1, 2 symbols, and d1 and d2 are separately configured. To avoid the overlapping of two transmitting channels when the value of d1 is larger than d2, as shown in Figure 5. We propose that the UE does not expect to receive a scheduling of a high priority PUSCH starting earlier than Tproc,2 +d1 symbols after the end of the PDCCH.


Figure 5. A high-priority channel starting earlier than the cancellation of a low-priority channel
Proposal 8: When a high-priority UL channel overlaps with a low-priority UL channel, the UE does not expect to receive a scheduling of a high priority channel starting earlier than Tproc,2 +d1 symbols after the end of the PDCCH.
1.5 The field with reduced bit-width in DCI format 0_2/1_2
There are three DCI fields refer to HARQ-ACK transmission, i.e. Downlink assignment index, PUCCH resource indicator, and PDSCH-to-HARQ_feedback timing indicator. When the bit-widths of these fields in DCI format 0_2/1_2 are different from other DCI formats, the determining of the value for these fields in DCI format 0_2/1_2 should be specified.
For both PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator, the value indicates the index of the parameters configured by RRC. For simplification, we propose that both these two fields indicate the first 2N value(s) configured by RRC, where N is the number of bits for these two field in DCI format 1_2.
For Downlink assignment index, if HARQ-ACK bits corresponding to 2-bit DAI and 1-bit DAI are multiplexed in one type-2 HARQ-ACK codebook, there are two solutions: 
· [bookmark: _GoBack]Solution 1: Modify the procedure of generation of codebook. 2-bit DAI and 1-bit DAI is transformed to standard DAI value and the standard DAI value is used to determine HARQ-ACK bit location. For example, 2-bit DAI value {1, 2, 3, and 4} is transformed to {0, 1, 0, and 1} to align 1-bit DAI value. In general way, standard DAI value = mod (2-bit DAI value or 1-bit DAI value -1, 2) +1.
· Solution2: A UE does not expect to receive DCI formats corresponding to the same type-2 HARQ-ACK codebook have different sizes of DAI field.
Solution 1 is a little complex but can support smaller size of DAI field. Solution 2 is simple but may not always reduce DCI size by smaller size of DAI field.
Proposal 9: Both PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator indicate the first 2N value(s) configured by RRC, where N is the number of bits for these two fields in DCI format 1_2.
Proposal 10: Solution 1 or 2 can be considered to address HARQ-ACK codebook construction issue led by different bit-width of DAI field
Conclusions
In this contribution, we show our views on remaining issues for URLLC UCI enhancements with following proposals:
Proposal 1: When two PUCCH-Configs are configured,
· The multi-CSI-PUCCH-Resourcelist is only configured in the PUCCH-Config used for HARQ-ACK with low priority.
· A PUCCH-ResourceId in both PUCCH-CSI-Resource and multi-CSI-PUCCH-Resourcelist refers to a PUCCH-Resource in the PUCCH-Config used for HARQ-ACK with low priority.
Proposal 2: When sub-slot PUCCH resources are configured to HARQ-ACK with low priority, slot-based PUCCH resources should be configured for CSI in the same PUCCH-Config.
Proposal 3: If a PUSCH of a given priority overlaps with multiple sub-slot PUCCHs of the same priority for HARQ-ACK, all HARQ-ACK bits are multiplexed in PUSCH when Rel-15 timeline is satisfied.
· Appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook.
Proposal 4: If a PUCCH for CSI report overlaps with multiple sub-slot PUCCHs for HARQ-ACK with low priority, and at least one of the multiple sub-slot PUCCH is in response to a DCI, the CSI report and a given HARQ-ACK codebook is multiplexed into the PUCCH determined based on PRI in the DCI.
· The given HARQ-ACK codebook is transmitted in the first sub-slot PUCCH that satisfy the multiplexing timelines.
Proposal 5: If a PUCCH for CSI report overlaps with multiple sub-slot PUCCHs for SPS HARQ-ACK with low priority, all SPS HARQ-ACK bits are multiplexed in PUCCH resource indicated for CSI transmission when Rel-15 timeline is satisfied.
· Appending the later HARQ-ACK codebook to the earlier HARQ-ACK codebook.
Proposal 6: In USS per BWP, DCI format 0_1/1_1/0_2/1_2 can be separately configured with Priority indicator field to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities.
Proposal 7: 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 8: When a high-priority UL channel overlaps with a low-priority UL channel, the UE does not expect to receive a scheduling of a high priority channel starting earlier than Tproc,2 +d1 symbols after the end of the PDCCH.
Proposal 9: Both PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator indicate the first 2N value(s) configured by RRC, where N is the number of bits for these two fields in DCI format 1_2.
Proposal 10: Solution 1 or 2 can be considered to address HARQ-ACK codebook construction issue led by different bit-width of DAI field.
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