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1 Introduction
[bookmark: _Hlk505938201]In this contribution, we will further discuss the remaining issues of UCI enhancements for URLLC, including sub-slot based HARQ-ACK feedback, separate HARQ codebook construction for different service types, collision scenarios among PUCCH(s) and PUSCH(s) as well as PUCCH reliability.
2 [bookmark: _Hlk521077063]Discussion on UCI enhancements for URLLC
1 
2 
2.1 Sub-slot based HARQ-ACK feedback
In RAN1 #97 meeting, it was agreed that for sub-slot based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. However, it needs further study whether the configurable value range of K1 needs to be extended and the potential impact to related DCI field bitwidth:
Agreements:
For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.
Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· [bookmark: _Hlk23412283]At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
In Release 15, K1 is configured by RRC signalling (IE: dl-DataToUL-ACK) for up to 8 values and a specific K1 value will be selected via PDSCH-to-HARQ-timing-indicator field in DCI format 1_1. The configured K1 values can be selected from 0 to 15 and thus at most 4bits*8 = 32 bits would be needed for the RRC signaling. 
[image: ]
In addition, it has been agreed that at least support sub-slot configurations“2-symbol*7” and “7-symbol*2” and other configurable sub-slot configurations e.g. 4,14 sub-slots in a slot needs to be further studied. The current K1 range is hard to cover various of semi-static configurations when the granularity of K1 changes from slot to sub-slot, especially for the case that the number of sub-slots in a slot is configured to be large, i.e. 7 or even 14 if supported. Take the following semi-static UL/DL configuration with 30kHz SCS and 5ms periodicity for example, if the UL slot is divided into 7 sub-slots, only the HARQ-ACK information related to PDSCHs scheduled in slot 6 and slot 7 can be feedback in slot 8, and the HARQ-ACK information related to PDSCHs scheduled in slot 0 ~ 5 cannot be fed back within 15 sub-slots. Meanwhile only very few PDSCH related HARQ-ACK information can be feedback in slot 9, i.e. PDSCHs scheduled in slot 7. As a result, a lot of PDSCH(s) related HARQ-ACK information would be nowhere to feedback if K1 range is not extended. 
[image: ] Figure 1: Semi-static UL/DL configuration with 30kHz SCS and 5ms periodicity
It should be noted that it is agreed R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including both are sub-slot-based, meaning that not only URLLC, but also eMBB can use sub-slot-based HARQ feedback procedure. Therefore, appropriate and extended K1 range would be needed to guarantee that both URLLC and eMBB PDSCH can feedback in valid UL slot under various of semi-static TDD configurations.
Agreements:
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based.
· Both are sub-slot-based  
Proposal 1: The configurable value range of K1 needs to be extended.
However, the range of K1 is multiplied as the number of sub-slots in a slot increases and thus the RRC signalling for K1 configuration would be largely enlarged. As an extreme case, the signalling overhead would be doubled from 4bits*8 = 32 bits to 8bits* 8 =64bits if the number of sub-slots in a slot is configured to be 14. Therefore, to decrease RRC signaling overhead without limiting scheduling flexibility, it is expected that the configurable value range of K1 can be varied according to the configured sub-slot number in a slot. 
It has been agreed in PDCCH enhancements in RAN1 #98bis to support configurable size for “PDSCH-to-HARQ_feedback timing indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling and hence for DCI format 1_1, it can simply reuse the current design.
Proposal 2: The configurable value range of K1 can be varied according to the configured sub-slot number in a slot.
As for the applicable HARQ-ACK codebook type, as both type-1 and type-2 codebook are supported in R15, so it is naturally to inherit them in R16. It has been agreed in last meeting that when at least two HARQ-ACK codebooks are simultaneously constructed for different service types, PDSCH-HARQ-ACK-Codebook is separately configured. So it could be simply up to gNB implementation to config one of the two types of HARQ-ACK codebook. 
Type-1 HARQ-ACK codebook achieves some benefit such as its robustness towards last PDCCH miss detect probability at the expense of introducing more feedback redundancy. Some companies may have concern of the more serious redundancy when sub-slot-based HARQ-ACK feedback is introduced in R16. However, this can be avoided by separate K1 set configuration and some SLIV splitting. Other companies may argue that the DCI reliability is high enough in R16 and last PDCCH miss detecting possibility would be low enough. However, although almost all of the field in the new DCI format is configurable and the size of new DCI format can be lower than fallback DCI, it is achieved under the premise of limited scheduling flexibility. In addition, considering the PDCCH blocking probability, the reliability of DCI may not high enough and type-2 HARQ-ACK codebook would lead to some risk on successful HARQ-ACK feedback. Furthermore, as mentioned above, not only URLLC, but also eMBB can use sub-slot-based HARQ feedback procedure, and PDCCH scheduling eMBB may not have high reliability. Therefore, type-1 HARQ-ACK codebook should be supported for sub-slot-based HARQ-ACK feedback.
Proposal 3: Support type-1 HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback.
2.2 Separate HARQ-ACK codebook construction for different service types
In previous RAN1 meetings, it has been agreed that at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE and in previous RAN1 meetings, the following agreements has been reached for the identification for identifying a HARQ-ACK codebook for dynamically scheduled PDSCH and SPS PDSCH:
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)
Agreements:
An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release
· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
[bookmark: _Hlk23441399]For dynamically scheduled PDSCH, option 1 will limit the new DCI format to schedule URLLC service only and eMBB service is prevented to use the new DCI format. This will increase the number of DCI sizes and CCEs/BDs for PDCCH monitoring if there are both eMBB traffic and URLLC traffic in one UE. For option 2 if MCS-C-RNTI is used, it will set up the linkage between high reliability MCS table with low-latency HARQ-ACK feedback which seems not so reasonable since some traffic requires only low latency without high reliability. If new RNTI is introduced, the PDCCH false alarm probability would be increased. Option 4 use CORESET/search space to distinguish the different HARQ-ACK codebook which limit the scheduling flexibility since that two search spaces may fully overlap in some slots. For option 3, if new DCI field is introduced to identify the different HARQ-ACK codebooks, this will opposite with the principle of compact DCI design. Therefore, an existing field (i.e. TDRA indicator) can be reused for HARQ-ACK codebook identification and so the concerns of increased DCI overhead would be solved. Specifically, a HARQ-ACK codebook indication for each SLIV entry can be added in the TDRA configuration as shown in Table 1 and then the HARQ-ACK codebook can be identified by TDRA indicator in the scheduling DCI. In this way, no dedicated field needs to be introduced in the scheduling DCI and the payload size of DCI can be further reduced. 
Table 1: An example of Configured Time Domain Resource Allocation Table
	Row index
	PDSCH mapping type
	K0
	S
	L
	HARQ codebook

	1
	Type A
	0
	2
	12
	codebook 1

	2
	Type A
	0
	2
	10
	codebook 1

	3
	Type A
	0
	2
	9
	codebook 1

	4
	Type A
	0
	2
	7
	codebook 1

	5
	Type A
	0
	2
	5
	codebook 1

	6
	Type B
	0
	9
	4
	codebook 2

	7
	Type B
	0
	4
	4
	codebook 2

	8
	Type B
	0
	5
	7
	codebook 2

	9
	Type B
	0
	5
	2
	codebook 2

	10
	Type B
	0
	9
	2
	codebook 2

	11
	Type B
	0
	12
	2
	codebook 2

	12
	Type A
	0
	1
	13
	codebook 1

	13
	Type A
	0
	1
	6
	codebook 1

	14
	Type A
	0
	2
	4
	codebook 2

	15
	Type B
	0
	4
	7
	codebook 2

	16
	Type B
	0
	8
	4
	codebook 2


Proposal 4: A HARQ-ACK codebook indication for each SLIV entry is added in the TDRA configuration for identifying a HARQ-ACK codebook.
Proposal 5: For dynamically scheduled PDSCH, when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the HARQ-ACK codebook can be identified by TDRA indicator in the scheduling DCI.
In addition, extended TDRA table with HARQ-ACK codebook indication can be simply reused in the activation DCI for SPS PDSCH and HARQ-ACK codebook mapping. If the new RRC parameter is not present, the activation DCI should be used to indicate the mapping relationship between SPS PDSCH and HARQ-ACK codebook, and this can achieve full flexibility that a SPS configuration can be dynamically linked with different HARQ-ACK codebooks and hence less SPS configurations are needed.
Proposal 6: For SPS PDSCH, the TDRA indicator in the activation DCI is used to indicate the mapping to a corresponding HARQ-ACK codebook. The indication in SPS activation DCI can complement or overwrite the RRC configured indication.
Moreover, if type-1 HARQ-ACK codebook is supported for sub-slot-based HARQ-ACK feedback, DCI/PDCCH based options would not work since they cannot solve miss detection problem which is the main motivation of type-1 HARQ-ACK codebook. There are some discussions about solutions for identifying Type-1 HARQ-ACK codebook, including by splitting K1 set, SLIV set and so on. It has been agreed in RAN1 #97 meeting that the K1 set can be separately configured for different HARQ codebooks, however, no consensus was reached for separately configuration of TDRA table. Generally speaking, SLIV splitting is necessary for that some PDSCHs may be used for URLLC scheduling and some PDSCHs can be used for eMBB scheduling, otherwise the Type-1 HARQ codebook size would be enlarged with much redundancy. However, that does not mean two TDRA tables are needed considering the increased RRC signaling overhead. And identifying Type-1 HARQ codebook only by the PDSCH duration is not so flexible. Therefore, extended TDRA table with HARQ-ACK codebook indication would also solve the problem perfectly and can achieve common design for both type-1 and type-1 HARQ-ACK codebook identification, that is, as shown in Table 1, a HARQ-ACK codebook indication for each SLIV entry can be added in the TDRA configuration to identify the type-1 HARQ-ACK codebook it belongs to.
Proposal 7: Type-1 HARQ-ACK codebook is constructed based on the extended TDRA table with a HARQ-ACK codebook indication for each SLIV entry. Different type-1 HARQ-ACK codebook can be identified by the HARQ-ACK codebook indication in the configured TDRA table.
2.3 Collision scenarios among PUCCH(s) and PUSCH(s)
In RAN1 #97 meeting, the discussion on intra-UE UL collision related to UCI enhancements for URLLC was triggered and some agreements has been made during RAN1 #98 and #98bis meeting:
Agreements:
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b) 
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)
Agreements:
[bookmark: _Hlk23495498]For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.  
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.  	
Agreements:
For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism.
Based on the above agreements we can conclude that only some FFSs are left for the scenarios of URLLC SR collides with URLLC HARQ-ACK and URLLC HARQ-ACK collides with URLLC PUSCH. Below we give our preference:
· [bookmark: _Hlk19868370]FFS1: SR with PF0 vs HARQ-ACK with PF1: this case has not been handled in Release 15 and we think this scenario can be avoid by gNB implementation since that the coverage/reliability requirement would be similar for the same type of traffic and thus either PF0 or PF1 shall be used for both SR and HARQ-ACK.
· [bookmark: _Hlk19868427]FFS2: SR with HARQ-ACK in PF 2, 3, 4: R15 mechanism can be reused for this scenario since that it has been agreed in R16 only two-level PHY priority is distinguished i.e. high priority and low priority. That is, SR and HARQ-ACK in this scenario would be seen to share similar latency/reliability requirements. Therefore, to simply specification and implementation, it is expected that R15 mechanism can be reused.
· FFS3: How to handle the case where the timeline condition is not satisfied: it has been agreed in last meeting that for handling the overlapped UL transmissions among low PHY priority channel/signals, R15 mechanism is reused. In R15, if the multiplexing timeline is not satisfied, the UE will work as an error case which seems not so reasonable for handling collisions among high PHY priority channel/signals, i.e. URLLC HARQ-ACK and URLLC PUSCH. For this scenario, it is expected that the UL transmission that cannot satisfy the multiplexing timeline should be dropped under certain constraint instead of treating as error case.
Proposal 8: For scenario that URLLC SR collides with a URLLC HARQ-ACK:
· If SR with PF0 and HARQ-ACK with PF1: this scenario can be avoided by gNB implementation and no specific work needs to be involved;
· If SR and HARQ-ACK in PF 2, 3, 4: R15 mechanism is reused.
Proposal 9: For handling the overlapped UL transmissions among high PHY priority channel/signals, the UL transmission that cannot satisfy the multiplexing timeline is dropped under certain constraint.
Another issue needs to be clarified is that for overlapping among more than two UL transmissions, the collision handling as well as the prioritization behavior should be done before the multiplexing between PUCCH and PUSCH in order to avoid unnecessary drop. Take the following scenario as an example, if UE first multiplex the PUCCH with low priority on the PUSCH with low priority, and then handle the collision between the high priority PUCCH with the low priority PUSCH with UCI piggyback, the low priority PUCCH would be dropped. While if collision handling is processed firstly, low priority PUSCH will be dropped, and the low priority PUCCH could also be transmitted.


[bookmark: _Hlk16270825]Low priority PUCCH
High priority PUCCH
Low priority PUSCH

[bookmark: _Hlk16270839]Figure 2: Collision more than two UL transmissions
Proposal 10: For collision scenarios among more than two UL transmissions, the prioritization should be done before multiplexing PUCCH on PUSCH.
2.4 PUCCH reliability






According to TS 38.213, when UE transmits PUCCH with HARQ-ACK information using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs  provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB from the number of PRBs, that results to  and, if , , where r is a code rate given by maxCodeRate as the following table:

Table 1: Code rate  corresponding to value of maxCodeRate
	maxCodeRate
	
Code rate  

	
	

	0
	0.08

	1
	0.15

	2
	0.25

	3
	0.35

	4
	0.45

	5
	0.60

	6
	0.80

	7
	Reserved


In Release 15 WI, specific CQI/MCS table with 1e-5 target BLER for URLLC is designed and consequently, a minimum of 30/1024=0.029 code rate can be achieved for data channel of URLLC. Although it has been agreed in RAN1 #97 meeting that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, almost all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks to achieve the latency and reliability requirement separately for different service types. The minimum code rate of PUCCH can only reach 0.08 which is much higher than the minimum code rate of PUSCH/PDSCH. Therefore, the reliability of URLLC PUCCH needs to be enhanced, specifically,
· Some entries with lower code rate (i.e. 0.03 0.05…) can be added to the table of maxCodeRate, which will result in slight increase of RRC signalling overhead;
· Similar with the design of CQI/MCS table, another way is to define two tables of PUCCH maxCodeRate for different service types/ different HARQ codebooks. The PUCCH maxCodeRate table for URLLC can be generated by adding some entries with lower code rate and removing entries with higher code rate, which is more friendly to RRC signalling overhead;
· Alternatively, a beta offset can be added to r when determining the minimum number of PRBs for PUCCH resource for PUCCH format 2 or PUCCH format 3, or some adjustment should be applied to the determined minimum number of PRBs, i.e. 
· 




the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs  provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB from the number of PRBs, that results to  and, if , 
Proposal 11: the reliability of URLLC PUCCH needs to be enhanced and the following options can be considered:
Option 1: Some entries with lower code rate (i.e. 0.03 0.05…) can be added to the table of maxCodeRate;
Option 2: Two PUCCH maxCodeRate tables can be defined for different service types/ different HARQ codebooks and the PUCCH maxCodeRate table for URLLC can be generated by adding some entries with lower code rate and removing entries with higher code rate;
Option 3: A beta offset can be added to r when determining the minimum number of PRBs for PUCCH resource for PUCCH format 2 or PUCCH format 3.
3 Conclusion
In this contribution, we discussed the remaining issues of UCI enhancements for URLLC and the following proposals are made:
Proposal 1: The configurable value range of K1 needs to be extended.
Proposal 2: The configurable value range of K1 can be varied according to the configured sub-slot number in a slot.
Proposal 3: Support type-1 HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback.
Proposal 4: A HARQ-ACK codebook indication for each SLIV entry is added in the TDRA configuration for identifying a HARQ-ACK codebook.
Proposal 5: For dynamically scheduled PDSCH, when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the HARQ-ACK codebook can be identified by TDRA indicator in the scheduling DCI.
Proposal 6: For SPS PDSCH, the TDRA indicator in the activation DCI is used to indicate the mapping to a corresponding HARQ-ACK codebook. The indication in SPS activation DCI can complement or overwrite the RRC configured indication.
[bookmark: _GoBack]Proposal 7: Type-1 HARQ-ACK codebook is constructed based on the extended TDRA table with a HARQ-ACK codebook indication for each SLIV entry. Different type-1 HARQ-ACK codebook can be identified by the HARQ-ACK codebook indication in the configured TDRA table.
Proposal 8: For scenario that URLLC SR collides with a URLLC HARQ-ACK:
· If SR with PF0 and HARQ-ACK with PF1: this scenario can be avoided by gNB implementation and no specific work needs to be involved;
· If SR and HARQ-ACK in PF 2, 3, 4: R15 mechanism is reused.
Proposal 9: For handling the overlapped UL transmissions among high PHY priority channel/signals, the UL transmission that cannot satisfy the multiplexing timeline is dropped under certain constraint.
Proposal 10: For collision scenarios among more than two UL transmissions, the prioritization should be done before multiplexing PUCCH on PUSCH.
Proposal 11: the reliability of URLLC PUCCH needs to be enhanced and the following options can be considered:
Option 1: Some entries with lower code rate (i.e. 0.03 0.05…) can be added to the table of maxCodeRate;
Option 2: Two PUCCH maxCodeRate tables can be defined for different service types/ different HARQ codebooks and the PUCCH maxCodeRate table for URLLC can be generated by adding some entries with lower code rate and removing entries with higher code rate;
Option 3: A beta offset can be added to r when determining the minimum number of PRBs for PUCCH resource for PUCCH format 2 or PUCCH format 3.
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