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1. Introduction
In this contribution, we discuss some remaining issues on UCI enhancements and PUSCH enhancements for eURLLC.
2. UCI Enhancements
2.1 Sub-slot-based HARQ-ACK feedback and Multi-DCI based M-TRP
In Rel-15, a UE is not expected to transmit two HARQ-ACK PUCCH in the same slot. As part of Rel-16 Multi-DCI based Multi-TRP enhancement, separate HARQ-ACK PUCCH within a slot for different TRPs is supported in which UE can be configured to transmit two HARQ-ACK PUCCH in TDM way in the same slot. Correspondingly, FG16-2a-4 is agreed to indicate whether UE supports separate HARQ-ACK PUCCH for Multi-DCI based Multi-TRP operation with candidate values of bitmap {LongAndLong, LongAndShort, ShortAndShort} for the supported combinations of long/short PUCCH formats within a slot.
At the same time, Rel-16 URLLC enhancement agreed on sub-slot based HARQ-ACK feedback, where there can be one HARQ-ACK PUCCH per sub-slot. With this feature, the UE can support up to 2 or 7 HARQ-ACK PUCCHs per slot. Consequently, UE capability is designed to indicate whether UE supports sub-slot based HARQ-ACK feedback procedure, including FG11-3, FG11-3c/d/e/f, etc.
There was no discussion whether UE should support Multi-DCI based Multi-TRP operation  with sub-slot based HARQ-ACK feedback since these two features were designed independently by two different groups. As results, this is an unclear area without explicitly UE capability indication. As an example, if these two features can be used together, the UE would be required to support two HARQ-ACK PUCCHs within each sub-slot if separate HARQ-ACK feedback is configured for Multi-DCI based Multi-TRP, which is not covered by any of the existing UE FGs.
To resolves the issues, in our view, there are two alternatives:
· Alt 1: Introduce UE capability to indicate whether UE supports sub-slot based HARQ-ACK PUCCH when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with sub-slot based HARQ-ACK PUCCH
In summary, we have the following proposal
Proposal 1: In terms of whether UE supports sub-slot based HARQ-ACK PUCCH when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions:
· Alt 1: Introduce UE capability to indicate whether UE supports sub-slot based HARQ-ACK feedback when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with sub-slot based HARQ-ACK feedback. TP to 38.213 as follows
	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc52208352]9	UE procedure for reporting control information
<unchanged part omitted>
In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH-r16, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH-r16.

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs, and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured with subslotLengthForPUCCH-r16 in any PUCCH-config of the active UL BWP.
<unchanged part omitted>




2.2 Two HARQ-ACK codebooks and Multi-DCI based M-TRP
Rel-16 URLLC enhancement allows two HARQ-ACK codebooks to be configured with different priorities with corresponding UE capability FG11-4 and FG11-4a. It has not been discussed whether Multi-TRP Multi-DCI supports two HARQ-ACK codebooks with different priorities, especially when UE supports and is configured with ACKNACKFeedbackMode = SeparateFeedback. More importantly, the corresponding UE capability was not discussed during the Rel-16 UE feature discussion. If these two features can be used together, the UE would be required to support up to 4 HARQ-ACK PUCCHs in a slot, which is not covered by any of the existing UE FGs. In order to resolve the issue, we have the following proposal:
Proposal 2: In terms of whether UE supports two HARQ-ACK codebooks with different priorities when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions 
· Alt 1: Introduce UE capability to indicate whether UE supports two HARQ-ACK codebooks with different priorities when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with two HARQ-ACK codebooks with different priorities. TP to 38.213 as follows
	[bookmark: _Toc12021467][bookmark: _Toc20311579][bookmark: _Toc26719404][bookmark: _Toc29894837][bookmark: _Toc29899136][bookmark: _Toc29899554][bookmark: _Toc29917291][bookmark: _Toc36498165][bookmark: _Toc45699191][bookmark: _Toc52208353]9.1	HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate one HARQ-ACK codebook, the HARQ-ACK codebook is associated with a PUCCH of priority index 0. If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE multiplexes in a same HARQ-ACK codebook only HARQ-ACK information associated with a same priority index. If the UE is indicated to generate two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by {PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs, and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured to generate two HARQ-ACK codebooks. 
<unchanged part omitted>



For proposals 1 and 2, we have a preference of Alt 2, not supporting the simultaneous configurations of multi-DCI based multi-TRP operation and sub-slot-based HARQ-ACK feedback/two HARQ-ACK codebooks in Rel-16 for simplicity.
· We are at a late stage of Rel-16 maintenance, and the UE features are frozen already (even though new FG can still be added if necessary). Defining new FGs according to Alt 1 may not be very straightforward, because we have FG 11-3c/d/e/f and FG 11-4c/d/e/f/g/h that define the PUCCH capabilities (numbers and format combinations) for eURLLC features, and short/long PUCCH combinations defined in FG 16-2a-4. Careful investigation would be required to go through the list and identify the valid overall combinations. 
· Multi-DCI based multi-TRP operation was designed for eMBB, not URLLC. The consequence of not allowing joint operation of the features is that multi-DCI based multi-TRP operation may not be used for eMBB traffic when a UE has mixed eMBB/URLLC traffic. So the impact is relatively limited.

3. PUSCH Repetition Type B
In RAN1#102-e, we agreed on a TP for PUSCH repetition Type B to treat an actual repetition in a similar way as the HARQ retransmission in terms of the data rate limit for an individual PUSCH, so that the data rate of an actual repetition would not exceed the UE’s processing capability [1].
Another related issue discussed in RAN1#102-e was the handling of aggregated data rate limit for PUSCH repetition Type B [1]. Here is the excerpt from TS 38.214 Clause 6.1.4 on the aggregated data rate limit in the current specifications:

	Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
,
where
-	J is the number of configured serving cells belong to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot-sj.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PUSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].
-	is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5,38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).



As highlighted above, the aggregated data rates are defined based on the TBs. That is, each TB is counted once towards the aggregated data rate in a slot. This is not an issue for PUSCH repetition Type A because there can be only one repetition for a TB within a slot. But for PUSCH repetition Type B, there can be multiple repetitions in a slot for the same TB. From UE implementation perspective, the processing needed for multiple repetitions is not the same as one repetition. Therefore, this should be modified accordingly for PUSCH repetition Type B.
It was argued in RAN1#102-e that there should not be a need for the UE to re-encode for each actual repetition, because the UE can choose to save all the encoded bits, and only perform rate matching for each actual repetition. However, we see two issues with this approach.
Firstly, it could happen that there is another PUSCH between two actual repetitions of a PUSCH repetition Type B in case a DG overrides some repetitions of CG with PUSCH repetition Type B. In RAN1#102-e, the following conclusion was drawn:
Conclusion:
· In Rel.16, for a DG PUSCH scheduled by a DCI overlapping a CG PUSCH configured with nominal repetition factor K>1,
· If the HARQ process is the same between the DG and the CG, DG may override all remaining repetition occasions after the end of PDCCH reception, under the timeline specified in TS 38.214 section 6.1.
· Otherwise, DG may override only the actual repetition(s) of the CG overlapped with DG, under the timeline specified in TS 38.214 section 6.1.
· No specification change is needed
This means that the case in Figure 1 could occur.
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Figure 1 DG PUSCH overriding one repetition of CG PUSCH repetition Type B
In this case, the suggested approach does not work because it is not realistic to expect the UE to store all the encoded bits for the CG PUSCH while processing the DG PUSCH.
Secondly, even when cases in Figure 1 does not occur, it may not be realistic to expect the UE to store the encoded bits for all the CBs if the UE has an optimized pipelining and buffer design. On the high level, if we assume the UE does symbol-by-symbol processing, when the UE starts to process the CBs for the 2nd symbol in Rep#1, it may start to override the encoded bits of the CBs for the 1st symbol in Rep#1 in the buffer. The suggested approach basically requires the UE to revert all the optimization and create a large buffer/memory to save all the encoded bits for all the CBs. This is not cost-effective, and as a minimum this should not be mandated for all UE implementation.
Therefore, it makes more sense from UE dimensioning perspective to count each actual repetition separately towards the aggregated data rate, even though they correspond to the same TB. Otherwise, the UE may need to under-report the data rate to accommodate the worst case of PUSCH repetition Type B.

With the above analysis, we propose the following:

Proposal 3: Adopt the following TP for TS 38.214 Clause 6.1.4:

	Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
,
where
-	J is the number of configured serving cells belong to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot-sj. For PUSCH repetition Type B, each actual repetition is counted separately.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PUSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].
-	is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5,38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).




4. Conclusions
In this contribution, we discussed the interaction between eURLLC HARQ-ACK enhancement features and multi-DCI multi-TRP, and remaining issues for PUSCH repetition Type B. We proposed:

Proposal 1: In terms of whether UE supports sub-slot based HARQ-ACK PUCCH when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions:
· Alt 1: Introduce UE capability to indicate whether UE supports sub-slot based HARQ-ACK feedback when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with sub-slot based HARQ-ACK feedback. TP to 38.213 as follows
	9	UE procedure for reporting control information
<unchanged part omitted>
In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH-r16, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH-r16.

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs, and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured with subslotLengthForPUCCH-r16 in any PUCCH-config of the active UL BWP.
<unchanged part omitted>



Proposal 2: In terms of whether UE supports two HARQ-ACK codebooks with different priorities when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions 
· Alt 1: Introduce UE capability to indicate whether UE supports two HARQ-ACK codebooks with different priorities when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with two HARQ-ACK codebooks with different priorities. TP to 38.213 as follows
	9.1	HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate one HARQ-ACK codebook, the HARQ-ACK codebook is associated with a PUCCH of priority index 0. If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE multiplexes in a same HARQ-ACK codebook only HARQ-ACK information associated with a same priority index. If the UE is indicated to generate two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by {PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs, and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured to generate two HARQ-ACK codebooks. 
<unchanged part omitted>



Proposal 3: Adopt the following TP for TS 38.214 Clause 6.1.4:

	Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
,
where
-	J is the number of configured serving cells belong to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot-sj. For PUSCH repetition Type B, each actual repetition is counted separately.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PUSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].
-	is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5,38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
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