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[bookmark: _Hlk525601705][bookmark: _Hlk525602213][bookmark: _Hlk510705081]The URLLC physical layer enhancements work item was approved in RAN#83 [1], following the study item with the results captured in TR38.824 [2]. The following UCI enhancements was included as one of the objectives for the WI:
· Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE

From the Rel-16 study phase, clearly RAN1 needs to work on the eURLLC WI and the IIoT WI [3] jointly on the objectives that are highly related to each other. To be more specific, the following intra-UE prioritization/multiplexing is within the scope of the IIoT WI which is related to (and partially overlapped with) UCI enhancement:
· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

In this contribution, we discuss these UCI enhancements related aspects. Section 2 discusses the details of both how to support more than one PUCCH for HARQ-ACK transmission in a slot, and the construction of multiple HARQ-ACK codebooks for different service types and the corresponding HARQ-ACK feedback procedure. Section 3 covers the rest of open issues rising from intra-UE prioritization/multiplexing when there is resource collision between UL data/control and control/control.
Enhanced HARQ-ACK Feedback
In Sections 2.1, we discuss the details of sub-slot-based HARQ-ACK feedback procedure for supporting multiple PUCCHs for HARQ-ACK within a slot. In Section 2.2, we discuss the handling of multiple HARQ-ACK codebooks for a UE with mixed eMBB and URLLC traffic.
Support of multiple PUCCHs for HARQ-ACK within a slot
The following has been agreed for the support of multiple PUCCHs for HARQ-ACK within a slot:
Agreements: (RAN1#96bis)
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreements: (RAN1#96bis)
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.

With the agreed sub-slot-based HARQ-ACK feedback procedure, we discuss some further details.

· K1 definition and PDSCH-to-sub-slot association

K1 should be defined from the UL sub-slot which the PDSCH allocation ends. Alternatives, such as defining K1 from the slot boundary, will unnecessarily extend the bit-width of K1.
Proposal 2-1: The reference sub-slot for K1 is the corresponding UL sub-slot that the PDSCH allocation ends in.

[bookmark: _Ref7095485][image: ]
Figure 2‑1. Example of PDSCH-to-sub-slot association. Example with 7 sub-slots / slot.

· How many sub-slots per slot and how many PUCCH carrying HARQ-ACK per slot should be allowed?
One fixed value for the number of sub-slots per slot would be too restrictive. If the numbers and patterns are to be pre-defined, multiple values for the number of sub-slots per slot are needed, which should include at least 2, 4 and 7. Configurable number of sub-slots and the corresponding sub-slot definition would provide all the flexibility. More than 7 sub-slots per slots does not seem necessary.
As the purpose of enabling multiple PUCCHs for HARQ-ACK per slot is to reduce the PDSCH HARQ-ACK latency, PUCCH carrying HARQ-ACK should be allowed in every sub-slot. 
Proposal 2-2: The number of sub-slots should be configurable with a maximum of 7 sub-slots per slot.
· PUCCH resource configuration and indication
The reference point for the starting symbol of PUCCH resource configuration could be the start of either the K1 indicated sub-slot or the slot. Using the slot as the reference (as in R15) provides independence of the sub-slot definitions, which means that in the event of a reconfiguration of the sub-slots, the PUCCH resource sets do not have to be reconfigured. But it requires separate PUCCH resource entries for each sub-slot, which would require many entries in the PUCCH resource sets in order to cover all sub-slots. It also means redundant information with K1 and may require PRI overhead higher than necessary. Using the sub-slot index as the reference instead avoids redundant information with K1, and requires fewer resource set entries and hence reduces the PRI bit-width. The drawback of using the sub-slot as the reference is that a reconfiguration of the PUCCH resource sets might be required when the sub-slot configuration is changed. Sub-slot configuration is considered as a rare or very infrequent case, so the reduced DCI overhead clearly outweighs here.
Proposal 2-3: Reuse R15 PUCCH resource configuration, but indicate the PUCCH resource from the sub-slot boundary instead of the slot boundary.
· Whether PUCCH is allowed to cross sub-slot boundary
PUCCH should be allowed to go across sub-slot boundary, especially if the sub-slot duration is small. It also seems that there should not be much extra complexity to support PUCCH crossing sub-slot boundary. But as in Rel-15, PUCCH should still not be allowed to cross the slot boundary. However, there does not seem to be a need to support overlapping PUCCHs across sub-slots. If it simplifies the specification work and UE implementation, the specifications can define overlapping PUCCHs across sub-slots as an error case. 
Proposal 2-4: PUCCH should be allowed to cross sub-slot boundary. 
· Type I codebook with sub-slot K1
It has been agreed that R15 HARQ-ACK codebook construction is applied in unit of sub-slot for Type-2 HARQ-ACK codebook. However, the reuse of Rel-15 Type-1 HARQ-ACK codebook construction in unit of sub-slot has been raised as a concern. With the R15 procedure, the semi-static HARQ-ACK codebook is constructed by identifying the potential PDSCH occasions with the set of configured K1 values (configurable by dl-DataToUL-ACK via RRC) and the TimeDomainResourceAllocation (TDRA) table, the knowledge of the semi-static TDD pattern (to exclude PDSCH occasions from the TDRA table which are not feasible due to overlap with UL symbols), and a mapping of the SCS in UL and DL. A pruning algorithm is used to reduce the codebook size by mapping some PDSCH allocations overlapping in time to the same HARQ-ACK bit location. The length of the semi-static codebook depends on the configured values of K1, the TDRA allocations and the pruning algorithm. For URLLC we do not foresee the need to extend the possible values of K1, even with short sub-slot duration. 
With K1 in sub-slot instead of slots, the HARQ-ACK codebook in a sub-slot should only include the relevant PDSCH occasions from the TDRA table. These can for example be identified by those which ends in the indicated sub-slot. 
Based on the above analysis, we do not see any reason the Rel-15 framework Type-1 HARQ-ACK cannot be used for sub-slot-based feedback with K1 defined in sub-slot units. 
Proposal 2-5: For Type-1 HARQ-ACK codebook in sub-slot-based HARQ-ACK feedback procedure, Rel-15 Type-1 HARQ-ACK codebook construction is applied in unit of sub-slot. 

[bookmark: _Ref7172469]Support of at least two HARQ-ACK codebooks for mixed traffic types in a UE
The following has been agreed for the support of at least two HARQ-ACK codebooks intended for different service types:
Agreements: (RAN1-AH-1901)
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC
Agreements: (RAN1#96)
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to trranmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week
Agreements: (RAN1#96)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification
Agreements: (RAN1#96bis)
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
· [bookmark: _Hlk7389463]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)

For the case of more than two HARQ-ACK codebooks, it makes sense to allow different codebooks to follow different HARQ-ACK feedback procedure. The most typical use case would be that one codebook uses slot-based feedback (e.g. for eMBB) and another codebook uses sub-slot-based feedback (e.g. for URLLC). To account for the different characteristics of these two types of procedures, we propose:
Proposal 2-6: The HARQ-ACK feedback procedures for different HARQ-ACK codebooks can be separately configured, with the separate configurations including at least:
· Time granularity, i.e., slot-based or sub-slot-based (with the corresponding sub-slot definition)
· Set for K1 (i.e. dl-DataToUL-ACK)
· PUCCH resource sets
Note that this does not prevent multiple HARQ-ACK feedback procedure from using the same configuration parameters.
It has been considered whether to support more than two HARQ-ACK codebooks for different traffic types. Even though there may be different levels of service requirements for URLLC, it does not seem necessary to support more than two HARQ-ACK codebooks. The difference between different codebooks/procedures mainly lies in how fast the HARQ-ACK can be provided. Allowing one slot-based procedure and one sub-slot-based procedure seems sufficient, where the sub-slots for the sub-slot-based procedure are defined based on the traffic with the most stringent latency requirement (while still being able to carry HARQ-ACK for the traffic with slightly less stringent latency requirement).
Proposal 2-7: Up to two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE.
Identification of a HARQ-ACK codebook/procedure
Different options have been proposed to identify a HARQ-ACK codebook/procedure:
· Opt.1: By DCI format
· This is possible only if there is a new DCI format introduced for supporting URLLC, which is not decided yet.
· Even if there is a new DCI format introduced for supporting URLLC, there should not be anything that prevents the gNB from using Rel-15 DCI formats (0_0/0_1/1_0/1_1) to schedule URLLC traffic (may already be sufficient in many cases), or using the new DCI format to schedule eMBB and URLLC traffic (it may be beneficial to use the new DCI format for eMBB in some cases). If DCI format is used for identifying HARQ-ACK codebook/procedure, such flexibility would no longer be possible.
· Mandating different DCI formats for URLLC and eMBB (which may not always be necessary) could result in a significant increase in the number of DCI sizes and the number of CCEs/BDs for PDCCH monitoring.
· Opt.2: By RNTI
· This would be applicable more to the cases when different traffic types can use the same DCI format with the same size (otherwise the differentiation can already be done using DCI format/size).
· In case MCS-C-RNTI is used to schedule URLLC traffic, it can be potentially reused for identifying a different HARQ-ACK codebook/procedure. A new configurable parameter can be used to indicated whether the HARQ-ACK associated with MCS-C-RNTI uses a different codebook/procedure or not. There would prevent eMBB from using the low SE MCS table, but it may not be a practical concern.
· In case MCS-C-RNTI is not used to schedule URLLC traffic, a new RNTI needs to be introduced for this purpose. The drawback is the increased false alarm rate for PDCCH.
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.3-1: By PDSCH duration/type/SLIV
· PDSCH duration or type (as part of SLIV) is not a good criterion for differentiating different service types because there should not be anything that prevents eMBB from using shorter duration L or PDSCH mapping Type B for transmission. Especially for FR2, with analog beamforming, it can become very necessary to use short duration/Type B to schedule PDSCH.
· Opt.3-2: By HARQ process ID
· This requires separate sets of HARQ process ID for eMBB and URLLC traffic. If the same total number of HARQ processes is kept, it means a smaller number of HARQ processes for either eMBB or URLLC, which would affect the peak throughput if there are not enough HARQ processes to continuously schedule data. Alternatively, the UE may be configured with more HARQ processes, which could affect the soft buffer management and in turn affect the decoding performance.
· Opt.3-3: By K1 entries (and potentially PRI)
· Using K1 entries (and potentially PRI) to identify a HARQ-ACK codebook/procedure is based on the assumption that only URLLC uses fast HARQ-ACK feedback, while eMBB always uses longer HARQ-ACK feedback delay. However, this assumption is not really true, because eMBB can also use fast HARQ-ACK feedback delay as long as the UE has the processing capability. Tying the HARQ-ACK feedback timing with the codebook/procedure introduces unnecessary scheduling constraint and can degrade eMBB performance unnecessarily.
· Opt.3-4: By an explicit/dedicated field in DCI
· Using an explicit/dedicated field in DCI provides most flexibility because it introduces no additional scheduling constraint at all. It does not increase the false alarm either. Of course the cost is the additional overhead in DCI. In case two codebooks are supported, this means one extra bit in DCI.
· Opt.4: By CORESET/search space
· This is achieved by e.g. configuring one search space set for eMBB and another search space set for URLLC. Using search space to identify HARQ-ACK codebook/procedure would prevent the gNB from using the eMBB search space to schedule URLLC traffic, or using the URLLC search space to schedule eMBB traffic. This is also unnecessary scheduling constraint, and it can potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs that a UE needs to monitor.
With the above analysis, we prefer to use an explicit field in the DCI to indicate the codebook/procedure due to its maximum flexibility. It is one extra bit in DCI in case two codebooks are supported.
Proposal 2-8: An explicit field (configurable) is added in the DL assignment to indicate which codebook/procedure the corresponding HARQ-ACK bit should follow.

Following RAN1#96 agreements, we need to define multiplexing/prioritization rules when the transmissions of the two codebooks are overlapping in time. Given that we already agreed to support multiple codebooks, having the HARQ-ACK bits always multiplexed in overlapping cases does not make sense any more. Therefore, either the codebooks are never multiplexed (i.e. one codebook is dropped), or the multiplexing can be enabled or disabled.
1. Option A: HARQ-ACK bits from the overlapping codebooks are never multiplexed. The two codebooks follow separate and independent HARQ-ACK feedback procedure. The higher priority codebook is prioritized when the transmission of two codebooks overlap.
· The drawback is that whenever an overlap occurs, the lower priority HARQ-ACK codebook (e.g. for eMBB) would be dropped, which would impact the eMBB DL throughput.
2. Option B: Multiplexing of HARQ-ACK bits for URLLC and eMBB PDSCH can be enabled or disabled.
· This provides flexibility to the gNB to control whether to multiplex or not. If multiplexing does not affect the performance of URLLC HARQ-ACK bits, or if the impact is acceptable, the gNB can enable it in order to reduce the impact on eMBB throughput. Otherwise it can be disabled, in which case the higher priority codebook is prioritized.
· Option B-1: semi-static enabling/disabling of multiplexing
· Option B-2: dynamic enabling/disabling of multiplexing
· Dynamic enabling and disabling would allow the gNB to dynamically decide whether to multiplex URLLC and eMBB HARQ-ACK depending on whether the multiplexing would degrade the performance of URLLC HARQ-ACK transmission e.g. based on the payload size and/or transmission timing.
· If an explicit field in DCI is used to indicate the codebook, it can be one way to realize the dynamic enabling/disabling of multiplexing.

Overall we think Option A is too restrictive, and some flexibility that allows gNB to control the multiplexing is desirable. Therefore, we propose:
Proposal 2-9: In case the transmissions of two HARQ-ACK codebooks overlap in time, multiplexing of the HARQ-ACK bits can be enabled or disabled by the gNB.
· FFS semi-static and/or dynamic enabling/disabling

In case HARQ-ACK bits for different codebooks are not multiplexed, and the transmission of one HARQ-ACK codebook needs to be dropped, priority of different codebooks needs to be known by the UE. In this case, it is natural to reuse the signaling that identifies the HARQ-ACK codebook/procedure to determine the priority of HARQ-ACK. This priority can be further used to determine the HARQ-ACK prioritization/multiplexing with other UL signals/channels, as discussed in Section 3. 
Proposal 2-10: The signaling that identifies the HARQ-ACK codebook/procedure is also used to determine the priority of the HARQ-ACK codebook in the prioritization and multiplexing of UL signals/channels.

Other UL intra-UE multiplexing and prioritization issues
HARQ-ACK multiplexing and prioritization for URLLC traffic and eMBB traffic has been discussed in Section 2.2. The remaining multiplexing and prioritization issues include: (1) UL resource conflict between control channel and control channel other than the case considered in Section 2.2, and (2) UL resource conflict between control channel and data channel, which are referring to as Scenario 4 and 5 respectively during NR Rel-16 IIoT SI phase.  

Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
In this scenario, a UE needs to conduct uplink transmission of control information such as SR, HARQ-ACK and CSI associated with a prioritized traffic at the same time as the uplink transmission of control information for other traffics with different or same priority levels. Prioritization/multiplexing needs to be considered in order to guarantee the latency and reliability performance for URLLC traffic. Rel-15 rules may not be sufficient because there is no control channel differentiation of different traffic types.
In the following we will discuss the cases of resource conflict of scenario 4 considering different traffic types and see whether/what enhancements would be needed for handling different traffic types.
As discussed in Section 2.2, the priority of HARQ-ACK can already be made available via codebook identification procedure (Proposal 2-10). Here we further discuss the necessity to define priority for SR and P-CSI.
Necessity of SR priority
We think there is a need to introduce the SR priority. 
· One example is that according to Rel-15 NR operation, in case positive SR with Format 0 PUCCH is colliding with Format 1 PUCCH carrying HARQ-ACK (length 4-14 OFDM symbols), SR is dropped. Therefore, the UL data communication latency will be increased since UE has to send SR in the next opportunity. In case the priority of SR can be known at PHY, then it is possible that HARQ-ACK can be dropped or multiplexed with SR together which is not doable without the priority information.
· As another example to show the necessity of SR priority, in Rel-15, in case SR is conflicting with PUSCH carrying UL-SCH, SR is dropped. Certainly, this will introduce additional latency. In case SR priority is known at PHY, the SR can be for instance multiplexed with PUSCH by puncturing which will lead to improved latency performance. Without introducing SR priority, such multiplexing cannot be efficiently supported. (Note that this is also discussed in Section 3.2.)
· In addition, SR priority could potentially be useful in determining the multiplexing/prioritization rules between SR and other UCI control information as discussed below.
Therefore, in our opinion, SR priority information should be known at PHY.
There are two different ways to get the SR priority information:
· MAC layer passes down the SR priority information together with the SR transmission request to PHY.
· A natural way to define SR priority in RAN2 is to use the priority of the LCH configuration associated with SR.
· SR priority is defined in PHY using some pre-defined rules based on SR configuration e.g. its periodicity and/or duration.
Proposal 3-1: SR priority (e.g. high or low priority) should be known at PHY. FFS whether the priority information is from MAC layer or based on SR configurations.
Necessity of P-CSI priority
For periodic CSI (P-CSI), we do not see the need to define different priority levels. P-CSI generally speaking does not have low latency and/or high reliability requirements, even if it is configured for URLLC traffic.
Proposal 3-2: Do not introduce different priority levels for P-CSI report.
In the following, we will discuss the different scenarios of resource conflict between control channels. Note that the case where HARQ-ACK overlaps with another HARQ-ACK has already been discussed in the previous section, so no need to repeat that discussion here.
One important aspect that is common among various cases of resource conflict under scenario 4 (and scenario 5 as well) is that the timing of the overlapping transmissions needs to be taken into account when defining the behaviour. E.g. even if multiplexing is preferred, the latter one may come too late to be multiplexed with the earlier one. In this case, prioritization needs to be done and the lower priority transmission would be dropped at least during the overlapping time period. However, in this subsection, we are not considering the timeline issue yet. This can be discussed in a later stage.

High priority SR vs high priority HARQ-ACK
If high priority SR (associated with a high priority traffic that has strict latency requirements) conflicts with a high priority HARQ-ACK, SR should not have lower importance than HARQ-ACK feedback as assumed in Rel-15. Actually, SR may even need to be considered as more important than HARQ-ACK. If the UE drops the high priority HARQ-ACK feedback, the gNB doesn’t receive this feedback and can simply assume a NACK and do retransmission if latency budget allows. This could result in resource inefficiency but does not impact the latency/reliability of the transmitted DL packet. However, if the high priority SR is not transmitted, then this would increase the UL latency and possibly impact reliability since this SR is associated with a traffic that has strict latency requirements. Therefore, it is reasonable to consider SR as more important in this case, and this needs to be accounted for in the design of the handling rules. These rules will depend on the PUCCH formats used, we thus next discuss the various format combinations of overlapping PUCCHs.
[bookmark: _Hlk7271885]If SR with F0 overlaps with HARQ-ACK:
· If HARQ-ACK is with F0: In general, SR should be allowed to be multiplexed with HARQ-ACK on the HARQ-ACK resource, particularly since both are of high priority. In this case, a similar rule to that in Rel-15 could be used. One point that may require further study is whether multiplexing SR with two-bits HARQ-ACK may have impact on the reliability of SR in some typical deployment scenarios.
· If HARQ-ACK is with F1: The Rel-15 rule under which SR is dropped and HARQ-ACK is transmitted needs to be changed. One simple rule would be to drop the HARQ-ACK feedback and transmit the SR on the SR resource. Such a rule may be sufficient since anyhow the case where HARQ-ACK with F1 overlaps with SR with F0 does not occur often, so optimizing the rule here may not be worth it. This is because when HARQ-ACK uses F1 (a long format for 1 or 2 bit payload) then typically there is a coverage issue, thus SR may need to be configured with F1 (instead of F0, which spans a maximum of two OFDM symbols) in order to guarantee the reliability target.

If SR with F1 overlaps with HARQ-ACK:
· If HARQ-ACK is with F0: Generally speaking, the Rel-15 rule under which HARQ-ACK and SR are both transmitted on the HARQ-ACK resource could be applied for the case here. Note that the observation made for the case where SR is with F0 and HARQ-ACK is with F1 also holds true here, that is, in case of coverage issue, having a situation where one channel uses F0 and the other one uses F1 may not occur often. 
· If HARQ-ACK is with F1: The Rel-15 rule seems to be sufficient in this case, which consists of sending the HARQ-ACK on the SR resource in case of positive SR and on the HARQ-ACK resource in case of negative SR. Note that the use of SR resource in case of positive SR guarantees that there is no impact on latency. 

If K SR resources (with either F0 or F1) overlap with HARQ-ACK with F2:
· [bookmark: _Hlk7277005]One possible rule is to multiplex SR and HARQ-ACK on the HARQ-ACK resource. This can be done in a similar way as in Rel-15, where  bits are transmitted on the HARQ-ACK resource pointing to the resource with positive SR (if any); a negative SR is represented by setting all the  bits to 0. Using this rule, the latency is not impacted much since F2 is a short format (with a length of 1 or 2 symbols), and the reliability of SR would not be impacted much since a high priority HARQ-ACK feedback codebook is typically of low load. Note that with such a rule, the reliability of HARQ-ACK should also not be impacted much since K will most-likely be equal to 1 (because F2 is a short format), in which case  will be a single bit.




If K SR resources (with either F0 or F1) overlap with HARQ-ACK with F3 or F4:
· One simple rule here is to drop the HARQ-ACK and to send the SR on the SR resource. F3 and F4 are long formats, thus multiplexing SR with HARQ-ACK on the HARQ-ACK resource may impact (at least) the latency, especially when the overlap is with the beginning or the middle of the HARQ-ACK resource. Instead of always dropping HARQ-ACK, another rule would be to allow multiplexing (only) in case the latency and reliability of SR are not impacted. 

Note that the above discussions did not consider any timeline requirements.
Proposal 3-3: Consider Table 3-1 as a starting point for the discussion of handling collisions between a high priority SR and a high priority HARQ-ACK, and further consider the timeline requirements.
Table 3-1: Rules for handling collisions between high priority SR and high priority HARQ-ACK
	
	HARQ-ACK with F0
	HARQ-ACK with 
F1
	HARQ-ACK with F2
	HARQ-ACK with 
F3 or F4

	SR with F0
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Drop HARQ-ACK and send SR on SR resource.
	Send both on HARQ-ACK resource; in a similar way as in Rel-15.
	Alt.1) drop HARQ-ACK and send SR on the SR resource.
Alt.2) allow multiplexing (only) in case latency and reliability of SR are not impacted.

	SR with F1
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Follow Rel-15 rule, i.e., transmit HARQ-ACK on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
	
	



High priority SR vs low priority HARQ-ACK
In this case, SR should be considered as more important than HARQ-ACK, which is the same assumption as for the case of overlap between a high priority SR and a high priority HARQ-ACK as discussed above. Hence, the same handling rules can be applied for these two cases. 
Proposal 3-4: The handling rules for the case where a high priority SR overlaps with a high priority HARQ-ACK as shown in Table 3-1 are also used for the case where a high priority SR overlaps with a low priority HARQ-ACK.
High priority HARQ-ACK vs low priority SR
In this case, HARQ-ACK should be considered as more important than SR, which is the same assumption as used in Rel-15 handling. Therefore, the Rel-15 handling rules can be reused in this case.
Proposal 3-5: For the case where a high priority HARQ-ACK overlaps with a low priority SR, Rel-15 handling rules are reused.
High priority HARQ-ACK/SR vs CSI
CSI is typically of low priority even if it is intended for URLLC. Also, in contrast to SR, the CSI payload size is not negligible (especially with MIMO) and could thus impact the reliability of HARQ-ACK when they are multiplexed together. Hence, in general it makes sense to drop the CSI in this case. 
[bookmark: _Hlk7350974]Proposal 3-6: Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH. 
In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.

Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
In scenario 5, a UE needs to conduct uplink transmission of control information such as SR, HARQ feedback and CSI at the same time as the uplink transmission of data for multiple traffic types. Depending on the details, multiplexing or prioritization needs to be implemented in order to guarantee the latency and reliability performance for URLLC traffic and/or related UCI. If PUCCH overlaps with PUSCH, the issue to be solved is whether to multiplex UCI on PUSCH, or to prioritize one channel over the other. Taking similar method as scenario 4, we will look at the typical cases of resource conflict between control channel and data channel. Our discussions are mainly focused on SR and HARQ-ACK since CSI is considered with low priority as discussed in Section 3.1.
Necessity of PUSCH priority
Firstly, we will discuss one of the essential open issues due to the resource confliction between UL control channel and UL data channel: whether there is a need to introduce the PUSCH priority or not. 
Related to the conflict between SR and PUSCH, since MAC is aware of the priority level of scheduled PUSCH and SR based on e.g. logical channel priority, it is a reasonable assumption that the MAC does not trigger the SR transmission at PHY layer unless it has higher priority than the on-going PUSCH [4]. On the other hand, in case SR is delivered first, PUSCH with the same or high priority can be delivered to PHY, SR can be dropped at PHY following the same principle as specified in the current Rel-15. Following this assumption, there is no ambiguity about the priority level of SR and PUSCH. At PHY, the later coming SR is always with high priority, while the later coming PUSCH can be with the same or high priority. In this case, there would be no need for PHY to be explicitly aware of PUSCH priority. However, this is pending RAN2 decision on SR vs. PUSCH priority discussion. 
In our view, the most relevant case when deciding the necessity of PUSCH priority is HARQ-ACK conflicting with PUSCH. For the case of PUCCH carrying HARQ-ACK (low or high priority) overlapping with PUSCH, at least the following two options can be considered:
· Introducing PUSCH priority: with the knowledge of both PUSCH priority and HARQ-ACK priority as discussed in section 2.2 at gNB, in case there is no time to multiplex HARQ-ACK with PUSCH, low priority HARQ-ACK can be dropped when the corresponding PUCCH overlaps with high priority PUSCH. On the other hand, when the low priority PUSCH collides with high priority HARQ-ACK, the low priority PUSCH transmission should be stopped at least during the overlapping period. The Rel-15 principle can be applied in case the HARQ-ACK and the PUSCH are with the same priority. If PUSCH priority is agreed to be specified, RAN1 should further investigate how the PUSCH priority is determined e.g. based on priority information from MAC or PHY signals.
· Introducing new beta_offset values: in last RAN1 meeting many companies have proposed to introduce new beta_offset values (especially the values smaller than one) for efficient multiplexing/prioritizing between HARQ-ACK and PUSCH. One clear usage is when PUCCH carrying HARQ-ACK with low priority, with beta_offset equal to zero, it allows the UE to drop low priority HARQ-ACK to avoid possible performance degradation to high priority PUSCH. However, it should be pointed out that without introducing PUSCH priority, only with the option of new beta_offset value, when there is no time for multiplexing, whether to prioritize PUSCH or HARQ-ACK becomes unclear. When the PUSCH is with low priority and the HARQ-ACK is with high priority, the current specified beta-offset values can be reused and if desirable, it is possible to drop low priority PUSCH. Legacy Rel-15 rules can be reused in case the collision is between low priority PUSCH and low priority HARQ-ACK. 
Based on this discussion, we have the following proposal:
Proposal 3-7: RAN1 should introduce PUSCH priority for efficient multiplexing/prioritization for the scenario where control channel and data channel are colliding.
High priority HARQ-ACK vs high priority PUSCH
In case of resource conflict between high priority HARQ-ACK and high priority PUSCH, Rel-15 principle of UCI multiplexing in PUSCH can be applied. More specifically UCI carrying high priority HARQ-ACK can be multiplexed with high priority PUSCH. The reliability of HARQ-ACK can be guaranteed by properly indicated beta_offset value. It should have minimum impact on the HARQ-ACK delay in case of no frequency hopping because HARQ-ACK can be mapped to the REs towards the beginning of the PUSCH transmission. On the other hand, if frequency hopping is used for PUSCH, UCI carrying high priority HARQ-ACK should be mapped to the first part of the allocated PUSCH resource to reduce the feedback latency, preferably right after DMRS transmission for example. 
In case there is no sufficient time to multiplex HARQ-ACK with PUSCH, prioritization rule should be applied. In our view, HARQ-ACK can be dropped. The reason is that the consequence of not transmitting HARQ-ACK is unnecessary retransmission from gNB. However, there should not be performance degradation in terms of latency and reliability for the corresponding PDSCH (the overall interference level will be increased though).
High priority HARQ-ACK vs low priority PUSCH
When there is sufficient time for multiplexing and no problem for the overall latency budget for high priority traffic, high priority HARQ-ACK can be multiplexed with low priority PUSCH with high beta_offset value to guarantee the reliability performance. Similar as the case discussed above, in case frequency hopping is applied to PUSCH, HARQ-ACK should be mapped to the first part of the allocated PUSCH resource.
In case there is no possibility for multiplexing for example not enough time for processing, high priority HARQ-ACK should be prioritized. Low priority PUSCH could be punctured or even dropped. 
High priority SR vs high priority PUSCH
As discussed in the subsection “Necessity of PUSCH priority”, with the assumption that MAC does not trigger the SR transmission at PHY layer unless it has higher priority than the on-going PUSCH, no SR with the same priority coming to PHY in case high priority PUSCH is already delivered to PHY. But in case SR is delivered to PHY first, it is possible that MAC PDU with the same priority will be delivered to PHY later. In this case, SR will be dropped in the same way as specified in Re1-15. Since there is no agreement in RAN2 yet, RAN1 should wait and follow the outcome from RAN2 discussion.
High priority SR vs low priority PUSCH 
In Rel-15, when SR is conflicting with PUSCH carrying UL-SCH, SR is dropped. To better support high priority service, clearly RAN1 should specify new UE behavior to facilitate fast transmission of high priority SR. Taking the assumption that the MAC does not deliver the SR to PHY unless it has higher priority than the on-going PUSCH [4], in case high priority SR is colliding with the low priority PUSCH, the high priority positive SR can be multiplexed with PUSCH in case the latency and reliability performance is not suffered. Such multiplexing is not supported in Rel-15 and the details of multiplexing need to be studied further. 
When at least there is no sufficient time for multiplexing, the high priority SR should be prioritized for transmission.
Low priority HARQ-ACK vs high priority PUSCH 
Rel-15 procedure of multiplexing HARQ-ACK with PUSCH can be applied in case multiplexing will not lead to unacceptable performance degradation to high priority PUSCH. In case multiplexing is not possible due to the reasons for example processing timeline and/or potential performance degradation on high priority PUSCH, low priority HARQ-ACK is dropped.
Low priority SR vs high priority PUSCH 
In case of the resource of low priority SR conflicting with high priority PUSCH with UL-SCH, PUSCH should be prioritized and the transmission of low priority SR can be dropped to avoid any potential negative impact on PUSCH. This is exactly the same as the current Rel-15 UE behaviour.
Low priority HARQ-ACK vs low priority PUSCH 
In this case we do not see any need to change Rel-15 UE behaviour, i.e. HARQ-ACK can be multiplexed with PUSCH.
Low priority SR vs low priority PUSCH 
In our view, there is no need to change Rel-15 UE behaviour in this case either. That is to say, PUCCH with positive SR will be dropped and the UE transmits PUSCH.
For P-CSI, Rel-15 rule of multiplexing can be applied in case the PUCCH carrying P-CSI is overlapping with low priority PUSCH. In case P-CSI is colliding with high priority PUSCH, depending at least on the potential negative impact on PUSCH reliability performance and the PUSCH reliability target, P-CSI can be multiplexed with high priority PUSCH or dropped.
And PUSCH without UL-SCH can be operated in the similar way as low priority PUSCH.
Based on the above discussions, we have:
Proposal 3-8: Take Table 3-2 as the starting point for discussing resource collision between control and data channels in UL.
Table 3-2: Summary of resource conflict between control channel and data channel
	
	High priority PUSCH
	Low priority PUSCH

	High priority HARQ-ACK
	Multiplexing (mapping to the first part of resource in case frequency hopping is used for PUSCH) 
or dropping HARQ-ACK in case no possibility for multiplexing due to e.g. timeline issue


	Multiplexing (mapping to the first part of resource in case frequency hopping is used for PUSCH) or dropping low priority PUSCH in case no possibility for multiplexing due to e.g. timeline issue


	High priority SR
	Dropping SR
(SR is dropped in Rel-15)
	Multiplexing or dropping low priority PUSCH 
(SR is dropped in Rel-15)

	Low priority HARQ-ACK
	Multiplexing or dropping HARQ-ACK 
	Multiplexing
(according to Rel-15)

	Low priority SR
	Dropping SR
(according to Rel-15)
	Dropping SR
(according to Rel-15)

	P-CSI
	Multiplexing or dropping P-CSI
 
	Multiplexing
(according to Rel-15)



[bookmark: _GoBack]Conclusion
On sub-slot-based HARQ-ACK feedback procedure in Section 2, we have the following observation and proposals:
[bookmark: _Hlk4360370]Proposal 2-1: The reference sub-slot for K1 is the corresponding UL sub-slot that the PDSCH allocation ends in.
Proposal 2-2: The number of sub-slots should be configurable with a maximum of 7 sub-slots per slot.
Proposal 2-3: Reuse R15 PUCCH resource configuration, but indicate the PUCCH resource from the sub-slot boundary instead of the slot boundary.
Proposal 2-4: PUCCH should be allowed to cross sub-slot boundary. 
Proposal 2-5: For Type-1 HARQ-ACK codebook in sub-slot-based HARQ-ACK feedback procedure, Rel-15 Type-1 HARQ-ACK codebook construction is applied in unit of sub-slot. 
On the support of multiple HARQ-ACK codebooks in Section 2, we have the following observation and proposals:
Proposal 2-6: The HARQ-ACK feedback procedures for different HARQ-ACK codebooks can be separately configured, with the separate configurations including at least:
· Time granularity, i.e., slot-based or sub-slot-based (with the corresponding sub-slot definition)
· Set for K1 (i.e. dl-DataToUL-ACK)
· PUCCH resource sets
Proposal 2-7: Up to two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE.
Proposal 2-8: An explicit field (configurable) is added in the DL assignment to indicate which codebook/procedure the corresponding HARQ-ACK bit should follow.
Proposal 2-9: In case the transmissions of two HARQ-ACK codebooks overlap in time, multiplexing of the HARQ-ACK bits can be enabled or disabled by the gNB.
· FFS semi-static and/or dynamic enabling/disabling
Proposal 2-10: The signaling that identifies the HARQ-ACK codebook/procedure is also used to determine the priority of the HARQ-ACK codebook in the prioritization and multiplexing of UL signals/channels.

On UL intra-UE multiplexing and prioritization in Section 3, we have the following proposals:
Proposal 3-1: SR priority (e.g. high or low priority) should be known at PHY. FFS whether the priority information is from MAC layer or based on SR configurations.
Proposal 3-2: Do not introduce different priority levels for P-CSI report.
Proposal 3-3: Consider the following table as a starting point for the discussion of handling collisions between a high priority SR and a high priority HARQ-ACK, and further consider the timeline requirements.
	
	HARQ-ACK with F0
	HARQ-ACK with 
F1
	HARQ-ACK with F2
	HARQ-ACK with 
F3 or F4

	SR with F0
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Drop HARQ-ACK and send SR on SR resource.
	Send both on HARQ-ACK resource; in a similar way as in Rel-15.
	Alt.1) drop HARQ-ACK and send SR on the SR resource.
Alt.2) allow multiplexing (only) in case latency and reliability of SR are not impacted.

	SR with F1
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Follow Rel-15 rule, i.e., transmit HARQ-ACK on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
	
	



Proposal 3-4: The handling rules for the case where a high priority SR overlaps with a high priority HARQ-ACK as shown in Table 3-1 are also used for the case where a high priority SR overlaps with a low priority HARQ-ACK.
Proposal 3-5: For the case where a high priority HARQ-ACK overlaps with a low priority SR, Rel-15 handling rules are reused.
Proposal 3-6: Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH. 
In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.
Proposal 3-7: RAN1 should introduce PUSCH priority for efficient multiplexing/prioritization for the scenario where control channel and data channel are colliding.
Proposal 3-8: Take the following table as the starting point for discussing resource collision between control and data channels in UL.
	
	High priority PUSCH
	Low priority PUSCH

	High priority HARQ-ACK
	Multiplexing (mapping to the first part of resource in case frequency hopping is used for PUSCH) 
or dropping HARQ-ACK in case no possibility for multiplexing due to e.g. timeline issue


	Multiplexing (mapping to the first part of resource in case frequency hopping is used for PUSCH) or dropping low priority PUSCH in case no possibility for multiplexing due to e.g. timeline issue


	High priority SR
	Dropping SR
(SR is dropped in Rel-15)
	Multiplexing or dropping low priority PUSCH 
(SR is dropped in Rel-15)

	Low priority HARQ-ACK
	Multiplexing or dropping HARQ-ACK 
	Multiplexing
(according to Rel-15)

	Low priority SR
	Dropping SR
(according to Rel-15)
	Dropping SR
(according to Rel-15)

	P-CSI
	Multiplexing or dropping P-CSI
	Multiplexing
(according to Rel-15)
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Appendix: 
A. Relevant RAN1 agreements on HARQ-ACK enhancements
Agreements: (RAN1#94)
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: (RAN1#94)
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded
Agreements: (RAN1#95)
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion: (RAN1#95)
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
Agreements: (RAN1-AH-1901)
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC
Agreements: (RAN1#96)
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to trranmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week
Agreements: (RAN1#96)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification
Agreements: (RAN1#96bis)
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreements: (RAN1#96bis)
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Agreements: (RAN1#96bis)
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)

B. Summary of the Rel-15 handling rules for collision between HARQ-ACK and SR 
In the following we give a brief summary of the main Rel-15 rules in case of overlap between SR and HARQ-ACK. 
If SR with F0 overlaps with HARQ-ACK:
· If HARQ-ACK is with F0, then SR and HARQ-ACK are both transmitted using the HARQ-ACK resource.
· If HARQ-ACK is with F1, then HARQ-ACK is transmitted on the HARQ-ACK resource and SR is dropped.

If SR with F1 overlaps with HARQ-ACK:
· If HARQ-ACK is with F0, then SR and HARQ-ACK are both transmitted using the HARQ-ACK resource.
· If HARQ-ACK is with F1, then HARQ-ACK is sent on the SR resource in case of positive SR and on the HARQ-ACK resource in case of negative SR.

[bookmark: _Hlk7035379][bookmark: _Hlk7035871]If K SR resources (with either F0 or F1) overlap with HARQ-ACK with F2, F3, or F4, then, in addition to the HARQ-ACK bits,  bits are transmitted on the HARQ-ACK resource pointing to the resource with positive SR (if any); a negative SR is represented by setting all the  bits to 0.
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