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1 Introduction

At the RAN1 #96bis meeting [1], the following agreements were reached on URLLC UCI enhancement:
Agreements:

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:

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:

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)

In this contribution, we discuss the detail solution for UL control enhancements for URLLC including supporting at least two HARQ-ACK codebooks simultaneously, multiple PUCCHs for HARQ-ACK within a slot and provide some analysis for UL data/control and control/control resource collision.
2 Discussion

2.1 Multiple PUCCHs for HARQ-ACK within a slot
Type-1 HARQ-ACK codebook provides more reliable feedback in case PDCCH is missed at the cost of higher feedback overhead. For URLLC, the reliability of PDCCH transmission is very high; hence the probability of PDCCH missing is very low. Furthermore, the overhead of Type-1 HARQ-ACK codebook is higher leading to less reliable HARQ-ACK feedback which is not suitable for URLLC. So the necessity of using type-1 HARQ-ACK codebook for URLLC is not clear. Moreover, specification efforts e.g. as discussed in section 2.1.2 are needed to support the use of type-1 HARQ-ACK codebooks for URLLC. Therefore, we consider that for multiple PUCCHs carrying HARQ-ACK within a slot, dynamic codebook should be prioritized.
Proposal 1: Prioritize Type-2 HARQ-ACK codebook for supporting multiple PUCCHs for HARQ-ACK within a slot.
2.1.1 Separate HARQ-ACK codebooks for different service types
Four options were considered for identifying a HARQ-ACK codebook for different service types in last meeting: 

· 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 
For option 1, there is no conclusion whether different DCI formats are supported for different service types for now. Meanwhile, even if different DCI formats are supported, they may have same DCI size, we cannot distinguish the traffic type based on the DCI format without additional mechanisms.
For option 2, the MCS-C-RNTI was introduced to indicate MCS selection from the low SE 64-QAM MCS table in Rel-15. One possibility is to extend its usage to differentiate scheduling of URLLC or non-URLLC data. However, if URLLC UE can only use MCS-C-RNTI, it will limit the possibility of URLLC UE using 64QAM MCS table.
For option 3, it increases the DCI overhead if a new field is introduced.

For option 4, configuring different UE-specific search space sets for PDCCH scheduling different traffic types can be used for differentiating traffic types. In addition, option 4 can support the differentiation of more than two traffic types with different latency and/or reliability requirements. For example, in the transport industry a UE may support remote driving with 5ms end-to-end latency and also support a different ITS application requiring 10ms end-to-end latency as described in TR 38.824, whilst also supporting latency-toleration data at a target BLER of 10-1.
Compare the above options, we consider either option 2 or option 4 can be used in order to not increase the DCI overhead. Same method can be applied for SPS PDSCH, UE determines the service type of SPS PDSCH based on the RNTI or the UE-specific search space sets used for activation DCI.
Proposal 2: Different RNTIs or different UE-specific search space sets can be used for identifying a HARQ-ACK codebook.
2.1.2 Multiple PUCCHs for HARQ-ACK within one slot for URLLC
Sub-slot-based HARQ-ACK feedback procedure was agreed for supporting multiple PUCCHs for HARQ-ACK within a slot. There are some details should be further considered:
Maximum number of PUCCH transmissions carrying HARQ-ACKs in a slot 

In NR Rel-15, at most two PUCCHs can be transmitted in a slot by TDM manner. The two PUCCHs can be both short PUCCHs or one long PUCCH and one short PUCCH. For Rel-16 URLLC, we should first consider the following questions:
1) Whether more than two PUCCHs can be supported in a slot?
There was no strong reason in Rel-15 to oppose more than two PUCCHs in a slot, hence we consider more than two PUCCHs can be supported in a slot for Rel-16 URLLC. Considering that for PDSCH DMRS mapping type B, at most seven PDSCHs can be transmitted in one slot, hence at most seven PUCCHs with HARQ-ACK should be supported in a slot, so as to reduce the feedback latency.
2) Whether support more than one long PUCCH format in a slot?

In Rel-15, considering that for the same payload size, transmitting the payload in one long PUCCH format is likely to have better performance than splitting the payload into two PUCCHs with the same total number of symbols as one PUCCH, only one long PUCCH format is supported in a slot. On the other hand, two long PUCCHs with less symbols than one PUCCH provide smaller latency for HARQ-ACK feedback, which is needed for URLLC. Considering the marginal specification impact and the benefit of supporting more than one long PUCCH format in a slot, it is proposed to support it for Rel-16 URLLC.
Proposal 3: At most seven PUCCHs with HARQ-ACK should be supported for Rel-16 URLLC in a slot.
Proposal 4: More than one long PUCCH format in a slot should be supported for Rel-16 URLLC.
PDSCH-to-sub-slot association
In Rel-15, if a UE receives a PDSCH in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n+k where k=0 corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH or SPS PDSCH release reception. Following the same principle as in Rel-15, based on the K1 in unit of sub-slot, the HARQ-ACK feedback timing for Rel-16 URLLC can be defined like this: if a UE receives a PDSCH in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within sub-slot n+k’ where k’=0 corresponds to the last sub-slot of the PUCCH transmission that overlaps with the PDSCH or SPS PDSCH release reception.
Furthermore, the relationship between PDSCH and corresponding HARQ-ACK can be determined based on the end of PDSCH. PDSCH-to-sub-slot association is not needed from HARQ-ACK timing determination perspective.
Observation 1: PDSCH-to-sub-slot association is not needed for URLLC from HARQ-ACK timing determination perspective by following the same principle in Rel-15.
Type I HARQ-ACK codebook
If sub-slot is defined for PUCCH only, it is similar as the case of different numerologies between PDSCH and PUCCH. Type I HARQ-ACK codebook cannot be supported directly by reusing Rel-15 scheme, since the Type I HARQ-ACK codebook determination is not aligned with HARQ-ACK timing determination.
Taking an example as shown in Figure 1, aassuming K1 set = {1, 2}. For PUCCH in sub-slot 2n+3, only K1=2 can go through the pseudo-code to determine the 
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 set associated with PUCCH in sub-slot 2n+3 based on the Type I codebook determination procedure defined in 38.213. For the PDSCH in slot n+1, it can have HARQ-ACK feedback in PUCCH sub-slot 2n+3 given K1=1 since the reference PUCCH slot for k=0 is sub-slot 2n+2, while such PDSCH candidate is not included in the 
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Figure 1 unaligned HARQ-ACK timing and M set determination
Observation 2: Some enhancement is needed for Type I HARQ-ACK codebook if supported for URLLC.
PUCCH resource configuration
If at most seven PUCCHs with HARQ-ACK can be transmitted in a slot, single PUCCH resource set in a slot as in Rel-15 will become a bottleneck for flexible scheduling in time and frequency since at least 7 PUCCHs should be distributed in the 7 PUCCH sub-slots. Hence separate PUCCH resource sets from Rel-15 can be configured for sub-slot based PUCCH, in which starting symbol is configured relative to sub-slot boundary. To avoid the overlapping of PUCCH resource between sub-slots, PUCCH across sub-slot boundary should not be allowed.

Proposal 5: PUCCH across sub-slot boundary is not allowed for Rel-16 URLLC.

Codebook-less HARQ
Codebook-less HARQ procedure means the PUCCH resource overriding rule is not applied in the HARQ-ACK feedback procedure. HARQ-ACK is transmitted in the earliest sub-slot that meets the UE timelines [2]. This means that besides eMBB, two URLLC traffic types with different priorities are determined by whether codebook-less HARQ is applied. As discussed in section 2.1.1, we can use different RNTI or UE-specific search space to differentiate the traffic type, then the purpose of codebook-less HARQ can be achieved with less specification effort.
Observation 3: Codebook-less HARQ is not needed since an unified solution is preferred to differentiate the traffic type.
2.2 Enhancements to UCI multiplexing for URLLC-only traffic
2.2.1 Resource Conflict between Control Channel and Control Channel
For UCI multiplexing on PUCCH for Rel-16 URLLC, there are some cases which do not exist in Rel-15. Such as multiple HARQ-ACKs overlap with another PUCCH carrying CSI or SR. Assuming two HARQ-ACKs, considering the different PUCCH formats carrying UCI, there are multiple combinations which should be considered as shown in Table 1. By following the current UCI multiplexing procedure, some cases will lead to multiple HARQ-ACKs overlapping. Since there is no multiplexing rule for multiple HARQ-ACKs multiplexing on one PUCCH, the details should be further studied for different combinations.
Observation 4: UCI multiplexing enhancement should be considered for the cases of multiple HARQ-ACKs overlapping with another PUCCH carrying CSI or SR.
Table 1 Combinations of two HARQ-ACKs overlap with CSI or SR
	
	SR
	CSI
	HARQ-ACK-1
	HARQ-ACK-2

	Case 1
	PF0
	
	PF0
	PF0

	Case 2
	PF0
	
	PF1
	PF1

	Case 3
	PF0
	
	PF2/3/4
	PF2/3/4

	Case 4
	PF0
	
	PF0
	PF1

	Case 5
	PF0
	
	PF0
	PF2/3/4

	Case 6
	PF0
	
	PF1
	PF2/3/4

	Case 7
	PF1
	
	PF0
	PF0

	Case 8
	PF1
	
	PF1
	PF1

	Case 9
	PF1
	
	PF2/3/4
	PF2/3/4

	Case 10
	PF1
	
	PF0
	PF1

	Case 11
	PF1
	
	PF0
	PF2/3/4

	Case 12
	PF1
	
	PF1
	PF2/3/4

	Case 13
	
	PF2/3/4
	PF0
	PF0

	Case 14
	
	PF2/3/4
	PF1
	PF1

	Case 15
	
	PF2/3/4
	PF2/3/4
	PF2/3/4

	Case 16
	
	PF2/3/4
	PF0
	PF1

	Case 17
	
	PF2/3/4
	PF0
	PF2/3/4

	Case 18
	
	PF2/3/4
	PF1
	PF2/3/4


2.2.2 Resource Conflict between Control Channel and Data Channel
A special case for UCI multiplexing on PUSCH is that two PUCCHs with HARQ-ACK overlapping with a PUSCH. To avoid the impact on specification, it can be handled by network to avoid scheduling PUSCH overlapping with two PUCCHs with HARQ-ACK. Otherwise if both HARQ-ACKs can be multiplexed on the same PUSCH, whether joint coding or separate coding of the two HARQ-ACKs, the detail of the mapping principle and how to indicate the DAI and beta-offsets for these two codebooks should be further considered.
Regarding UCI multiplexing on PUSCH, it may be possible to indicate whether or not UCI should be multiplexed on PUSCH. For example, when PUSCH collides with PUCCH carrying P-CSI and the PUSCH resource allocation is limited, the gNB may indicate that the P-CSI is dropped. Compared with semi-static configuration, dynamically indicating whether UCI is transmitted on PUSCH is preferable as it can then depend on PUSCH resource allocation. For example, one value in the set of configured beta-offsets can be set to 0 to indicate there is no UCI on PUSCH when dynamic beta-offset indication is configured. Alternatively, 1 bit can be added in DCI to indicate whether UCI is transmitted on PUSCH. For type2 configured grant PUSCH, such dynamic indication can be considered in the activation DCI. For type1 configured grant PUSCH, only semi-static configuration or predefined rule can be used.
Furthermore, we can limit the resources allocated to UCI in a PUSCH by an appropriate upper bound. For instance, the range of the higher layer parameter scaling, can be increased by adding smaller values.
Proposal 6: Dynamically indicating whether UCI is transmitted on a URLLC PUSCH can be supported by indication field in the DCI scheduling the PUSCH.

Proposal 7: Adding smaller values to the higher layer parameter “scaling” should be considered for Rel-16 URLLC PUSCH configuration.
2.3 Enhancements to UCI multiplexing for mixed URLLC and non-URLLC traffic

For a UE scheduled with both URLLC and non-URLLC traffics, there are scenarios that the resources of URLLC UCI/data transmission overlap in time with the resources of non-URLLC UCI/data transmission. Since CSI is not associated with any given LCH, prioritization involving CSI collision is expected to be RAN2-agnostic, and from physical layer, we did not see the need to prioritize CSI for different traffics, hence this section only consider the prioritization and/or multiplexing behavior among HARQ-ACK/SR and PUSCH for traffics with different priorities.

2.3.1 Resource Conflict between Control Channel and Control Channel
There are different combinations that can be studied here.

· SR and SR: In Rel-15, for multiple SR configurations with pending SRs that would be transmitted on overlapped PUCCH resource, , MAC layer just selects one of the pending SR by implementation to indicated to PHY layer, which means there is no overlapping SR transmissions in PHY layer. But in Rel-16 URLLC, different SR configurations may relate to different traffic types or different priorities. Enhancement should be considered to differentiate priorities of different SR configurations. At least MAC layer needs to break current SR transmission rule to either select one higher priority SR to PHY layer or just allow to indicate all SRs to PHY layer regardless the PUCCH resource for those SRs are overlapped or not.
· If MAC layer can indicate all pending SRs to PHY layer without considering the PUCCH resource overlapping, priority of different SR configurations are required in PHY layer, so as to drop the low priority SR when overlapping. This can be done either by adding one priority indication information within the RRC configuration for each SR configuration, or by implicit determination based on transmission parameter of each SR configuration, such as PUCCH with short duration/short periodicity has higher priority. 
· Another option is that prioritization is handled by the MAC layer. If MAC layer can decide the priority of the two overlapping SRs before one of the SR is indicated to PHY layer, MAC layer can only indicate the SR with higher priority to PHY layer, and there is only one SR transmission in PHY layer. Otherwise, if MAC has a pending SR with higher priority after one SR is already indicated to PHY layer, MAC can indicate such higher priority SR to PHY layer even the resource of the higher priority SR overlaps with the previous indicated SR, and PHY layer will drop the previous indicated SR and transmit the later SR. MAC will not trigger the later SR if it has lower priority than the previous indicated SR and there is no overlapping.
· HARQ-ACK and SR：This case can be handled in PHY layer, since MAC layer needs to read the information of PDU to find the priority, which may be not finished before the transmission of HARQ-ACK in PHY layer, which means it may be not possible for MAC layer to decide the priority of HARQ-ACK and SR. PHY layer can determine HARQ-ACK and SR to be multiplexed on one PUCCH as long as the reliability and latency can be maintained, otherwise drop one of the HARQ-ACK and SR with lower priority. PHY layer can determine the SR is for URLLC or non-URLLC either by RRC configuration for SR or by the PHY layer parameters of SR transmission, and determine the HARQ-ACK is for URLLC and non-URLLC based on the method in 2.1.1, then UE can prioritize HARQ-ACK and SR. 
· HARQ-ACK and HARQ-ACK:  although HARQ-ACK multiplexing is supported in Rel-15, there is no differentiation of HARQ-ACK corresponding to PDSCHs of different traffic types. Indeed, there is no dropping of HARQ-ACK in Rel-15 even when the target code rate is exceeded. In contrast, a higher reliability can be configured for URLLC HARQ-ACK on PUCCH by configuring a lower target code rate for the PUCCH resource. Hence, if HARQ-ACK corresponding to high priority (e.g. URLLC) PDSCH and non-URLLC PDSCH are multiplexed on the same PUCCH, the lower priority HARQ-ACK may be dropped if the target code rate is exceeded. Consider the example scenario shown in Figure 2. If there was no URLLC PDSCH in slot n, two non-overlapping PUCCHs may be transmitted in slot n+1 carrying HARQ-ACK for eMBB PDSCH on PUCCH #1 and HARQ-ACK for URLLC PDSCH on PUCCH #3. However, if there is a URLLC PDSCH in slot n indicating a PUCCH resource in slot n+1 (PUCCH #2) that overlaps with the PUCCH carrying eMBB HARQ-ACK (PUCCH #1), eMBB and URLLC HARQ-ACKs can be multiplexed in a single URLLC PUCCH resource similar as the UCI multiplexing rule for PUCCHs overlapping in R15. One issue is that the determined PUCCH resource may end later than the initial PUCCH resource for URLLC HARQ-ACK, which increases the latency of URLLC. Secondly, the code rate corresponding to the total HARQ-ACK payload may exceed the target code rate for URLLC HARQ-ACK. Dropping the non-URLLC HARQ-ACK can be considered if multiplexing of URLLC and non-URLLC HARQ-ACKs would exceed the target code rate and/or if the last symbol of the determined PUCCH resource for HARQ-ACK multiplexing is later than X symbols after the last symbol of the initial PUCCH resource for the URLLC HARQ-ACK. X can be configured by RRC or fixed by specification.
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Figure 2 HARQ multiplexing for URLLC and non-URLLC data

Observation 5: SR priority is needed in PHY to handle the case of overlapping between two SRs and overlapping between HARQ-ACK and SR.
Proposal 8: Priority of different SR configurations can be indicated by RRC or determined based on the transmission parameter of each SR configuration in PHY layer.
Proposal 9: In case of overlapping between PUCCHs carrying SR with different priorities, the SR with lower priority is dropped in PHY layer.
Proposal 10: In case of overlapping between PUCCHs carrying HARQ-ACK and SR with different priorities, HARQ-ACK and SR can be multiplexed on one PUCCH as long as the reliability and latency can be maintained or one of the HARQ-ACK and SR with lower priority is dropped otherwise in PHY layer.
Proposal 11: In case of overlapping between PUCCHs carrying non-URLLC HARQ-ACK and URLLC HARQ-ACK, the non-URLLC HARQ-ACK could be dropped under the following conditions:

· If multiplexing of URLLC and non-URLLC HARQ-ACKs would exceed the target code rate of URLLC PUCCH and/or if the last symbol of the determined PUCCH resource for HARQ-ACK multiplexing is later than X symbols after the last symbol of the initial PUCCH resource for the URLLC HARQ-ACK.
2.3.2 Resource Conflict between Control Channel and Data Channel
Here we consider four cases as below:
· PUSCH overlapping with SR: 
· This case can be handled either in PHY layer or in MAC layer
· If it is handled in MAC layer, MAC layer can determine the priority and just indicate the higher priority one to PHY layer. If PHY layer receives two transmissions with overlapping resource from MAC layer, just prioritizes the later one (either the SR or the MAC PDU), and drop the earlier one. For example, if MAC can decide the priority of PUSCH and SR before the MAC PDU assembles, MAC can decide to either indicate SR to PHY layer or to deliver the MAC PDU to PHY layer, and there is only one transmission in PHY layer. If the new data arrives after the MAC PDU for a PUSCH was assembled, MAC layer determines whether the new data has higher priority, if so, the MAC layer will indicate the SR for new data which is overlapping with the PUSCH to PHY layer, and PHY layer will drop the PUSCH transmission and transmit SR since it considers the later indicated SR has higher priority. Otherwise, MAC will not indicate the SR to PHY layer.
· If it is handled in PHY layer, PHY layer can drop one of the PUSCH and SR with lower priority. PHY layer can determine the SR is for URLLC or non-URLLC either by RRC configuration for SR or by the PHY layer parameters of SR transmission, and determine the PUSCH is for URLLC and non-URLLC based on the method in 2.1.1, then UE can prioritize either PHY or SR.
· PUSCH overlapping with HARQ-ACK: 

· Similar as the overlapping between HARQ-ACK and SR, the priority of PUSCH and HARQ-ACK should be defined in PHY, then PHY act as follows:

· HARQ-ACK corresponding to high priority PDSCH overlapping with a PUSCH of lower priority: for this scenario, it can be handled by network configuration. For dynamic PDSCH the network can schedule the HARQ-ACK such that there is no conflict or that HARQ-ACK can be multiplexed on the PUSCH with sufficient reliability (based on e.g. the beta factor selection). Similar network configuration can be considered for a configured grant. 

· HARQ-ACK corresponding to lower priority PDSCH overlapping with a PUSCH of high priority: for this scenario, dynamically indicating whether HARQ-ACK is transmitted on PUSCH carrying URLLC traffic should be considered. For a configured grant, semi-static configuration by introducing new higher layer parameter or increase the range of scaling can be used.

· PUSCH overlapping with mixed UCI type:

· For instance URLLC-UCI may be multiplexed on URLLC-PUSCH while eMBB-UCI is directly dropped or eMBB-UCI is dropped when the target coding rate exceeds. Dynamic signaling of beta offsets provides flexibility in supporting different effective coding rates for UCI on PUSCH. Furthermore, UCI dropping rule should be defined in this case. Alternatively if semi-static configuration of beta offsets is applied, independent configuration of beta offsets for URLLC and non-URLLC PUSCH can be used to restrict the UCI multiplexed on PUSCH. Similarly, the higher layer parameter scaling in the UCI-OnPUSCH IE can be independently configured for URLLC and non-URLLC PUSCH.
Proposal 12: In case of overlapping between PUSCH and SR with different priorities, one of the PUSCH and SR with lower priority is dropped in PHY layer.
Proposal 13: In case of overlapping between PUSCH and HARQ-ACK with different priorities, HARQ-ACK can be multiplexed on the PUSCH as long as the reliability and latency can be maintained, or one of the HARQ-ACK and PUSCH with lower priority is dropped otherwise in PHY layer.
Proposal 14: UCI dropping rule should be defined for mixed UCI type multiplexing on Rel-16 URLLC PUSCH.
Proposal 15: For a UE supporting URLLC and non-URLLC traffics, consider enhancements to UCI multiplexed on PUSCH based on

· Independent beta offsets for URLLC and non-URLLC PUSCH

· Independently configured higher layer parameter scaling for URLLC and non-URLLC PUSCH

3 Conclusion
This contribution discussed possible PHY enhancements to adequately support Rel-16 URLLC use cases. For enhanced HARQ-ACK feedback and UCI multiplexing we have the following observations and proposals:
Observation 1: PDSCH-to-sub-slot association is not needed for URLLC from HARQ-ACK timing determination perspective by following the same principle in Rel-15.
Observation 2: Some enhancement is needed for Type I HARQ-ACK codebook if supported for URLLC.
Observation 3: Codebook-less HARQ is not needed since an unified solution is preferred to differentiate the traffic type.
Observation 4: UCI multiplexing enhancement should be considered for the cases of multiple HARQ-ACKs overlapping with another PUCCH carrying CSI or SR.
Observation 5: SR priority is needed in PHY to handle the case of overlapping between two SRs and overlapping between HARQ-ACK and SR.

Proposal 1: Prioritize Type-2 HARQ-ACK codebook for supporting multiple PUCCHs for HARQ-ACK within a slot.
Proposal 2: Different RNTIs or different UE-specific search space sets where the corresponding PDCCH is detected can be used for identifying a HARQ-ACK codebook.

Proposal 3: At most seven PUCCHs with HARQ-ACK should be supported for Rel-16 URLLC in a slot.
Proposal 4: More than one long PUCCH format in a slot should be supported for Rel-16 URLLC.
Proposal 5: PUCCH across sub-slot boundary is not allowed for Rel-16 URLLC.

Proposal 6: Dynamically indicating whether UCI is transmitted on a URLLC PUSCH can be supported by indication field in the DCI scheduling the PUSCH.

Proposal 7: Adding smaller values to the higher layer parameter “scaling” should be considered for Rel-16 URLLC PUSCH configuration.
Proposal 8: Priority of different SR configurations can be indicated by RRC or determined based on the transmission parameter of each SR configuration in PHY layer.
Proposal 9: In case of overlapping between PUCCHs carrying SR with different priorities, the SR with lower priority is dropped in PHY layer.
Proposal 10: In case of overlapping between PUCCHs carrying HARQ-ACK and SR with different priorities, HARQ-ACK and SR can be multiplexed on one PUCCH as long as the reliability and latency can be maintained, or one of the HARQ-ACK and SR with lower priority is dropped otherwise in PHY layer

Proposal 11: In case of overlapping between PUCCHs carrying non-URLLC HARQ-ACK and URLLC HARQ-ACK, the non-URLLC HARQ-ACK could be dropped under the following conditions:

· If multiplexing of URLLC and non-URLLC HARQ-ACKs would exceed the target code rate of URLLC PUCCH and/or if the last symbol of the determined PUCCH resource for HARQ-ACK multiplexing is later than X symbols after the last symbol of the initial PUCCH resource for the URLLC HARQ-ACK.
Proposal 12: In case of overlapping between PUSCH and SR with different priorities, one of the PUSCH and SR with lower priority is dropped in PHY layer.
Proposal 13: In case of overlapping between PUSCH and HARQ-ACK with different priorities, HARQ-ACK can be multiplexed on the PUSCH as long as the reliability and latency can be maintained, or one of the HARQ-ACK and PUSCH with lower priority is dropped otherwise in PHY layer.
Proposal 14: UCI dropping rule should be defined for mixed UCI type multiplexing on Rel-16 URLLC PUSCH.
Proposal 15: For a UE supporting URLLC and non-URLLC traffics, consider enhancements to UCI multiplexed on PUSCH based on

· Independent beta offsets for URLLC and non-URLLC PUSCH

· Independently configured higher layer parameter scaling for URLLC and non-URLLC PUSCH
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