3GPP TSG RAN WG1 #98	                                                                                 R1-1908159
Prague, CZ, August 26th – 30th, 2019

Source:	vivo
Title:	UCI enhancements for URLLC
Agenda Item:	7.2.6.2
Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In the last meeting, some agreements and working assumption were made regarding UCI enhancements for URLLC [1].
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:
For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.

Agreements:
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.

Conclusion:
Further study the collision scenarios in the table below:
· Companies are encouraged to fill in solutions, e.g. multiplexing, priorization, for each scenario.
· A company can input “not related to RAN1” in one entry.
· A company can input the priority of study for one entry.
· Consider R15 as the starting point for collisions between two URLLC UCIs.
· FFS: Collision between more than two channels.
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Working assumption:
Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known
 
In this contribution, we share our views on remaining issues about UCI enhancements for URLLC.
2. [bookmark: OLE_LINK12]Discussion
2.1. Enhanced HARQ-ACK feedback
In the previous meetings, sub-slot based HARQ-ACK feedback was agreed. In this section, some remaining issues about enhanced HARQ-ACK feedback are discussed.
· PUCCH resource configuration for sub-slot based HARQ-ACK
In the last meeting, it was agreed that for sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. One open issue is whether it is allowed that a PUCCH resource can be across sub-slot boundary. In our view, PUCCH resource configuration should be confined within a sub-slot. The reasons include following:
· For a URRLC UE, the UL coverage in different sub-slots should be similar. Thus the PUCCH durations in different sub-slots should be same
· If the coverage of sub-slot PUCCH cannot be guaranteed in some cases, e.g.  UE moves to the cell edge or the channel state becomes poor suddenly, legacy slot based PUCCH can be used for coverage. For example, gNB can configure two sets of PUCCH resource one with Rel-15 slot level configuration another with Rel-16 sub-slot level configuration and then gNB can indicate the UE for a given PUCCH transmission which PUCCH resource configuration to apply, for example, slot level PUCCH transmission can be indicated implicitly by fall-back DCI, or explicitly by DCI field. 
· It can simply reuse the NR R15 PUCCH resource set configuration mechanism but in the unit of sub-slot.
· One significant benefit of this way is that it can simplify the specification and UE behaviours for HARQ-ACK feedback. 
· One problem of PUCCH across sub-slot boundary is that UE has to determine whether the PUCCH resource(s) for HARQ-ACK transmission will be overlapped by the later PUCCH transmission(s) within the subsequent sub-slot(s), which may delay the transmission of PUCCH and complex UE behaviour. Or the scheduling will be restricted that gNB cannot schedule another PUCCH for HARQ-ACK in the later sub-slot(s) if the PUCCH for HARQ-ACK in the previous sub-slot cross sub-slot boundary.
A second leftover issue is whether same or different PUCCH resource sets can be configured for different sub-slots within a slot. The main motivation to configure different PUCCH resource sets in different sub-slots within a slot is to support the case that the duration of PUCCH resources in the earlier sub-slot is longer than the PUCCH resources configured in the later sub-slot within a slot, which is based on the assumption that a PUCCH resource can be across sub-slot boundary. However, as discussed before, there is no need to allow PUCCH transmission to cross sub-slot boundary therefore no need to configure different PUCCH resource sets in different slots. In addition, it would complicate the PUCCH resource sets configuration if it can be different in different sub-slots in a slot.
Proposal 1: For enhanced HARQ-ACK feedback, NR R15 PUCCH resource set configuration mechanism can be reused but in the unit of sub-slot.
· PUCCH resources are confined within a sub-slot
· Same PUCCH resource sets are configured for each sub-slot within a slot.
· Remaining issues on separate PUCCH configuration
In the last meeting, it was agreed that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except FFS for following:
· PUCCH-SpatialRelationInfo
· SchedulingRequestResourceConfig
· Multi-CSI-PUCCH-ResourceList
The motivation to support separate configuration for the parameters in PUCCH configuration related to HARQ-ACK feedback is the different requirements in terms of reliability and latency for different service types. For CSI reports, as there is no URLLC-specific CSI introduced in Rel-16, there is no need to separately configure the parameter of Multi-CSI-PUCCH-ResourceList in PUCCH configuration.
For SchedulingRequestResourceConfig, it is beneficial to support separate configuration. The parameter of PUCCH-PowerControl was agreed to support separately configuration for different HARQ-ACK codebooks, it means that different transmission power can be used to satisfy different reliability requirements of different service types. To allow different power control parameters for scheduling request with different priorities, it can be configured the eMBB SR with the PUCCH-config for eMBB while the URLLC SR with the PUCCH-config for URLLC, which means SchedulingRequestResourceConfig should be separately configured for different services. 
For PUCCH-SpatialRelationInfo, separate configuration can be considered. The IE PUCCH-SpatialRelationInfo is used to configure the spatial setting for PUCCH transmission and the parameters for PUCCH power control. It has been already agreed that PUCCH-PowerControl can be configured separately, there no clear motivation not to be separately configured for PUCCH-SpatialRelationInfo.
Proposal 2: For the remaining parameters in PUCCH configuration, we propose that
· PUCCH-SpatialRelationInfo and SchedulingRequestResourceConfig can be separately configured for different HARQ-ACK codebooks
· For Multi-CSI-PUCCH-ResourceList, there is no need to be separately configured
For PUCCH configuration, one leftover issue is whether there is at least one HARQ-ACK codebook follows Rel-15 PUCCH configuration when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE. The slot based PUCCH resource sets configuration in NR Rel-15 is configured by PUCCH-config IE and assuming that sub-slot PUCCH resource sets configuration is configured by PUCCH-config-r16 IE, then, it depends on how many PUCCH-config-r16 IE a UE can be configured from specification point of view. If a UE can be only configured with one additional PUCCH-config-r16, it means the HARQ-ACK codebook with low priority should use Rel-15 PUCCH configuration. If a UE can be configured with two PUCCH-config-r16 by specification, there is no need to have such limit as it is up to network implementation to configure one PUCCH-config-r16 with slot level PUCCH another with sub-slot level PUCCH or both with sub-slot level PUCCH. As per agreement achieved in RAN1 #95 meeting [2], multiple PUCCHs for HARQ-ACK within a slot should be supported in R16. Note that this feature is a generic enhancement for Rel-16 not limited to URLLC only UEs. Benefits using sub-slot level HARQ-ACK feedback procedure for eMBB service type at least include as following:
· Easier for UCI multiplexing. When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, if the time granularity for different service types is same, it will be easier to handle the collision scenarios between different service types, e.g, reuse Rel-15 pseudo code in the configured time granularity, multiplexing may be possible considering from the latency aspect.
· Latency reduction for eMBB service. Obviously, sub-slot level HARQ-ACK feedback can reduce the latency of HARQ and improve system throughput.
Thus, for a UE supporting both eMBB and URLLC services, network should be allowed to configure the both PUCCH-config-r16 with sub-slot level PUCCH.
Proposal 3:  When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, it is up to network to configure the HARQ-ACK granularity (i.e. slot or sub-slot level) independently for each PUCCH-config.  
· PHY identification for identifying a HARQ-ACK codebook layer
One issue is how to identify eMBB HARQ-ACK and URLLC HARQ-ACK when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE. In RAN1 #96bis meeting, it was agreed that 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 
For opt.1, it depends on the new DCI format design discussed in PDCCH enhancements session. Until the last meeting, it has not been decided whether to introduce new DCI format in Rel.16 for supporting URLLC traffic only. What’s more, there is no consensus that URLLC traffic can only be scheduled by new DCI format.
For opt.2, it may increase false alarm probability considering the ultra-reliability requirement.
For opt.4, the number of CORESET/search space that a BWP can be configured is limited for a UE, this option will impact the scheduling flexibility and potentially increase the PDCCH blocking probability.
Thus, in our view, at least opt. 3 is suggested. 
In addition, further study is needed for PDSCH scheduled by fall-back DCI, since there is no explicit indication in fall back DCI. 
For SPS PDSCH, it can be identified by activation PDCCH as that of dynamically-scheduled PDSCH. For SPS PDSCH release, only fall back DCI is used in NR Rel-15. It can follow as that of PDSCHs scheduled by fall-back DCI.
Proposal 4: For PHY identification for identifying a HARQ-ACK codebook 
· For dynamically-scheduled PDSCH, explicit indication in DCI can be used
· For SPS PDSCH, explicit indication in activation PDCCH can be used
· FFS: PDSCH scheduled by fallback DCI and DL SPS release
· PUCCH resource determination
In URLLC HARQ-ACK payload size generally is small. In current scheme, PUCCH resource set is determined by UCI payload size and PRI indicates the PUCCH resource within the resource set. For small payload size cases, resource set determination mechanism may be improved. For the first resource set, 2 bits payload size is fixed in R15. It can be FFS whether this value need to be changed for URLLC. 
On the other hand, so far the determination of the PUCCH resource set is based on payload size of UCI. For URLLC from multi-TRP, one TRP may not have the knowledge of the total UCI bits from two TRPs. Therefore, it is better to not dynamically adapt the PUCCH resource set based on total UCI payload. For example, by allowing only one configured PUCCH RESET and the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits.
Proposal 5: PUCCH resource indication by PRI can be reused. With only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2 bits. 
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot
The maximum number of PUCCH transmission for HARQ-ACK allowed in a slot is relative to PUCCH duration, 
· 7, if PUCCH duration is 2 symbols
· 14, if  PUCCH duration is 1 symbol
· X (<7), if sub-slot is supported
In our opinion, it is necessary to allow maximum 14 PUCCHs carrying HARQ-ACK in a slot. The following reasons are observed.
· For FDD SUL scenario, some uplink slots are shared with LTE system. In this case, HARQ-ACK bits from multiple downlink transmissions need to be fed back in subset of UL slots. As shown in Figure 1, more PUCCH transmission occasions are beneficial for pipeline feedback with latency reduction. 
· In TDD DL heavy case, HARQ-ACK for multiple DL transmissions may be transmitted in one UL slot. The similar advantage can also be observed as SUL scenario. 
· In multi-TRP scenario, it is agreed to support PUCCHs for different TRPs are transmitted in TDM manner [3]. In this case, supporting multiple PUCCHs within a slot provides more transmission occasions. 
Proposal 6: At most 14 PUCCHs carrying HARQ-ACK in a slot should be supported.
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[bookmark: _Ref534912392]Figure 1 example for PUCCH feedback in FDD SUL scenario
· FFS semi-static HARQ-ACK codebook
In NR R15, both type-1(semi-static) and type-2 (dynamic) HARQ-ACK codebook are supported. For semi-static HARQ-ACK codebook, UE reports HARQ-ACK for all potential PDSCH transmissions, which will end up with a large payload size even though some PDSCHs may not be actually scheduled. It is known that semi-static codebook can provide robustness in the case of missed downlink assignment, since a negative acknowledgement is provided to gNB, which can enable retransmit the missed transport block.
However, in URLLC, DL grant missing may not be a problem thanks to the ultra-reliability of PDCCH transmission. On the other hand, the redundant ACK/NACK bits would increase the payload size of UCI and lead to the unnecessary decrease of UCI reliability. Therefore, it seems no sufficient motivation to use semi-static codebook for URLLC. Dynamic HARQ-ACK codebook should take precedence over semi-static HARQ-ACK codebook.
Proposal 7: For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
· CBG configuration for Rel-16 URLLC
Regarding CBG configuration for Rel-16 URLLC, some related agreements were achieved in the discussion of PDCCH enhancements during the meeting of RAN1 #96bis [3]. Note that there is no CBG transmission information in the new DL or UL DCI format and can be configured to be absent in case reusing the existing format scheduling Rel-16 URLLC. In this sense, if Rel-16 URLLC is scheduled by new DCI format, CBG configuration is not supported. If URLLC is scheduled by the existing DCI format, CBG configuration can be supported. However, CBG-level HARQ and retransmission is typically used when the TB size is large and the transmission duration is long, e.g. slot level transmission. For URLLC transmission in sub-slot level, the packet size usually is small. Thus, at least for Rel-16 URLLC with sub-slot based HARQ-ACK procedure, there is no need to support CBG configuration. 
	Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 

Agreements:
The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information 



Proposal 8: For Rel-16 URLLC with sub-slot based HARQ-ACK procedure, there is no need to support CBG configuration.
· Counter/total DAI
Separate counter and total DAI for URLLC and eMBB should be considered. Different reliabilities for URLLC and eMBB services are expected, which results in different miss-detection probabilities of PDCCH. For URLLC, the counter/total DAI field can be eliminated if sufficient reliability is expected.
Therefore, two alternatives for DAI design can be considered for URLLC,
· Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differential (if specified)
· Alt 2: no counter/total DAI for URLLC DCI. Assuming URLLC service identification is based on new DCI format/RNTI/PHY differentiation (if specified)
Proposal 9: The following DAI mechanism for URLLC service can be considered,
·  Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differentiation (if specified)
· Alt 2: no counter/total DAI for URLLC DCI and URLLC service identification based on new DCI format/RNTI/PHY differentiation (if specified)
2.2.   Intra-UE collision scenarios for URLLC UCI enhancements
2.2.1. General consideration
Regarding handling the intra-UE UL collision related to UCI enhancements for URLLC, there are some high-level principles shall be taken into account.
1) Determination of the priority of UCI/PUSCH should be supported in RAN1, i.e. PHY identification for identifying the UCI or PUSCH. 
2) Timely and accurate CSI measurement reporting is challenging for URLLC. The benefit of defining URLLC-specific or eMBB-specific CSI report is not clear. For CSI report, it can be treated as eMBB UCI.
3) For the collision scenarios of UCI/PUSCH with respect to the same service type, Rel-15 rule can be reused as baseline.
4) Multiplexing of eMBB UCI and URLLC UCI transmission can be considered. The motivation is to make best effort for assuring eMBB UCI transmission such that the performance of eMBB is not impacted severely. Especially when URLLC traffic is scheduled on a consecutive time, dropping or preventing eMBB UCI transmission would result in heavy performance degradation for eMBB.
· When multiplexing of eMBB UCI and URLLC UCI, the transmission power on the multiplexed resource needs to be determined, e.g. transmission power for URLLC is adopted to guarantee URLLC performance.
· When multiplexing of eMBB and URLLC, the timeline should be discussed, e.g. shorter multiplexing timeline than Rel-15 can be considered.
According to these, it is proposed that,
Proposal 10: Handling of intra-UE collision scenarios for URLLC UCI enhancements are summarized as following Table 1.
[bookmark: _Ref16621996]Table 1 handling of intra-UE collision scenarios for URLLC UCI enhancements
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rule as baseline. 
	
	
	

	CSI
	Before UE starts to prepare CSI PUCCH transmission, if URLLC SR is negative, UE transmits CSI. 
If URLLC SR is positive, UE drops CSI and transmits SR.
During UE transmitting CSI PUCCH, UE can transmit SR and cancel remaining CSI transmission or puncture CSI PUCCH.
	Alt1: URLLC HARQ-ACK and CSI are multiplexed on URLLC HARQ-ACK PUCCH resource.
Alt 2: URLLC HARQ-ACK is transmitted and CSI is cancelled or punctured by URLLC HARQ-ACK.

	
	

	URLLC PUSCH
	Rel-15 mechanism is reused
	Rel-15 mechanism can be reused as baseline. 
	Alt 1: If timeline is satisfied, CSI is multiplexed on URLLC PUSCH (considering betaoffset <1) ; otherwise, drop CSI.
Alt 2: Drop CSI, only transmit URLLC PUSCH
	

	eMBB SR
	To be discussed by RAN2 if necessary.
	Rel-15 mechanism can be baseline, i.e. multiplexing SR and HARQ-ACK.
Further discuss the impact of reliability of URLLC HARQ-ACK in case of eMBB SR with multiple bits multiplexed on URLLC HARQ-ACK resource.
	Rel-15 mechanism is reused
	If UE is scheduled with a URLLC PUSCH colliding with eMBB SR, drop eMBB SR and URLLC PUSCH is transmitted.


	eMBB HARQ-ACK
	Alt 1: Drop eMBB HARQ-ACK and transmit URLLC SR
Alt.2: Multiplex eMBB HARQ-ACK and URLLC SR, considering eMBB HARQ-ACK PUCCH format and multiplexing resource.
	eMBB HARQ-ACK and URLLC HARQ-ACK bits can be multiplexed if colliding.
 
	For CSI on PUCCH, Rel-15 mechanism can be reused.
	eMBB HARQ-ACK is multiplexed on URLLC PUSCH if timeline is satisfied.


	eMBB PUSCH
	Alt 1: When URLLC SR is positive, URLLC SR is transmitted and the total or partial eMBB PUSCH is dropped. Otherwise, eMBB PUSCH is transmitted.  
Alt 2:SR is multiplexed on eMBB PUSCH
	If multiplexing timeline is satisfied, URLLC HARQ-ACK is multiplexed on eMBB PUSCH.
If multiplexing timeline is not satisfied, drop eMBB PUSCH


	Rel-15 mechanism is reused
	This scenario is discussed on another agenda.   



2.2.2. Detailed analysis and solutions for the collision scenarios
Scenario-01: URLLC HARQ-ACK vs. URLLC SR
In our view, the priority for RAN1 study on a particular scenario is highly dependent on whether the identified issue needs to be handled in RAN1 or whether can reuse NR 15 rule. For scenario 01, handling URLLC SR and URLLC HARQ-ACK could be frequent and is very important for URLLC traffic. Although Rel-15 mechanism can be reused, we think that this scenario should be treated in RAN1 with a high priority.
If Rel-15 rule is reused, there may be some concerns for the case that URLLC HARQ-ACK using PUCCH format 1 collides with URLLC SR using PUCCH format 0, then URLLC SR is dropped. Typically, URLLC HARQ-ACK with 1 or 2 bits and SR should use the same PUCCH type, i.e. long or short PUCCH format. Thus, no enhancement is needed for this case and Rel-15 mechanism is reused. 
Scenario-02: CSI vs. URLLC SR

This issue should be handled in RAN1 and a solution is needed. For the overlapping between SR and CSI report, in NR R15, bits representing a negative or positive SR are prepended to the CSI information bits and transmitted on CSI PUCCH resource. If URLLC SR is multiplexed on a PUCCH with long format carrying CSI, the latency is prolonged. On the other hand, the reliability of URLLC SR may be not guaranteed considering the code rate and transmission power of CSI PUCCH.  
Therefore, for the collision between URLLC SR and CSI, URLLC SR should be prioritized over CSI if SR is positive. One problem is before UE starts to prepare CSI PUCCH transmission, the state of URLLC SR may be still negative, and then a positive SR for URLLC service is delivered from MAC layer during the long CSI PUCCH transmission. To reduce SR transmission latency, it should be allowed to cancel the remaining CSI PUCCH transmission or puncture CSI PUCCH to transmit URLLC SR from the UE side. gNB should receive CSI or SR with different hypothesis.
Thus it is proposed that for the collision of CSI and URLLC SR, if URLLC SR is positive, URLLC SR should be prioritized over CSI.
· Before UE starts to prepare CSI PUCCH transmission, 
· If URLLC SR is negative, UE transmits CSI; if URLLC SR is positive, UE drops CSI and transmits SR.
· During UE transmitting CSI PUCCH, if URLLC SR is positive,
· It should be allowed to cancel the remaining CSI transmission or puncture CSI PUCCH and transmit positive SR.
Scenario-03: CSI vs. URLLC HARQ-ACK
This issue should be handled in RAN1 and a solution is needed. In current spec, timeline for HARQ-ACK and CSI multiplexing needs to be checked. If timeline for multiplexing is satisfied, HARQ-ACK and CSI can be multiplexed. Otherwise, it is deemed as an error case. For URLLC, the HARQ-ACK transmission should have higher priority than CSI. UE behavior should be defined to guarantee URLLC HARQ-ACK transmission regardless of multiplexing timeline.  
For this scenario, the following alternatives are observed.
· Alt 1: URLLC HARQ-ACK and CSI are multiplexed on URLLC HARQ-ACK PUCCH resource. Separate coding for URLLC HARQ-ACK and CSI with different code rates is used. 
· URLLC HARQ-ACK REs is determined based on URLLC HARQ-ACK code rate. 
· The remaining REs are used for CSI. If CSI actual code rate exceeds the indicated CSI maximum code rate, total or partial CSI can be dropped. 
· Alt 2: URLLC HARQ-ACK is transmitted and CSI is cancelled or punctured by URLLC HARQ-ACK 
Scenario-04: URLLC PUSCH vs. URLLC SR
This scenario is related to RAN1 and RAN2. This scenario should be treated in RAN1 with a low priority. Since they are for the same service type, no optimization is needed and Rel.15 mechanism is reused, i.e. drop SR while colliding with PUSCH with UL-SCH.
Scenario-05: URLLC PUSCH vs. URLLC HARQ-ACK
This scenario is related to RAN1 and should be treated in RAN1 with a low priority. Rel-15 mechanism can be reused as baseline. In current spec, the following case is an error case. 
· When HARQ-ACK is multiplexed on PUSCH with frequency hopping disabled, there is no enough REs after the first set of consecutive DMRS symbol(s) to multiplex HARQ-ACK
There may be issue for multiplexing, e.g. in the following case, URLLC HARQ-ACK cannot be multiplexed on URLLC PUSCH.
· 2 symbols PUSCH with 2 symbols DMRS 
· 2 symbols PUSCH with hopping.
Whether or how to handle these cases can be further discussed if time permits.
Scenario-06: URLLC PUSCH vs. CSI
This scenario should be treated in RAN1 with a high priority. In current spec, timeline for multiplexing CSI on PUSCH is checked firstly. If timeline is satisfied, CSI can be multiplexed on PUSCH. Otherwise, it is deemed as an error case. URLLC PUSCH transmission should be guaranteed as higher priority.
For this scenario, the following alternatives are observed.
· Alt 1: If timeline requirement is satisfied, CSI is multiplexed on URLLC PUSCH (betaoffset <1) considering the URLLC PUSCH reliability
· If timeline is not satisfied, drop CSI
· Alt 2: Drop CSI, only transmit URLLC PUSCH
Scenario-07: eMBB SR vs. URLLC SR
This scenario should be treated in RAN1 with a low priority. 
For SR transmission, according the current mechanism, there is a problem in the case that a long SR for eMBB (e.g. 14-symbol SR PUCCH) overlaps with several short SR transmission opportunities for URLLC (e.g., 1-symbol PUCCH SR with 2-symbol periodicity).  AS shown in Figure 3, if the long SR is instructed before URLLC service packets arrival, UE starts to transmit eMBB SR, then these collided URLLC SR PUCCH resources would be not available, which is good for URLLC SR latency reduction. This scenario is similar to the case of resource conflict between configured grant and configured grant. However, different from CG PUSCH and CG PUSCH, typically, the duration for eMBB and URLLC SR PUCCH is no need to be different. 
[image: ]
[bookmark: _Ref5110115]Figure 3 example for SR transmission for eMBB and URLLC
Scenario-08: eMBB SR vs. URLLC HARQ-ACK
This scenario should be treated in RAN1 with a high priority. Rel-15 mechanism can be baseline.  In particular, when eMBB SR with multiple bits is multiplexed on URLLC HARQ-ACK resource, the reliability of URLLC HARQ-ACK may be impacted, e.g. the actual code rate after multiplexing of eMBB SR and URLLC HARQ-ACK is larger than maximum code rate for URLLC HARQ-ACK.
Scenario-09: eMBB SR vs. CSI
For this scenario, Rel-15 mechanism is reused.
Scenario-10: eMBB SR vs. URLLC PUSCH
In current specs, PUSCH and SR are not allowed to be transmitted simultaneously. During eMBB SR transmission, it should be allowed that URLLC PUSCH scheduled by gNB due to the higher priority.
The following solution is suggested:
· When UE is scheduled with a URLLC PUSCH colliding with eMBB SR, e.g. before SR PUCCH transmission or during eMBB SR transmission with long PUCCH format,
· Drop eMBB SR and URLLC PUSCH is transmitted.
Scenario-11: eMBB HARQ-ACK vs. URLLC SR
This scenario should be treated in RAN1 with a high priority. Table 3 shows the summary of the conflict handing between HARQ-ACK and SR in NR Rel-15. Two cases may be needed to take into consideration for UE with multiple service types. That is,
Case 1: Overlapping between SR with PUCCH format 0 and HARQ-ACK with PUCCH format 1.
Case 2: Overlapping between SR and HARQ-ACK with PUCCH format 2/3/4.
Table 3 Summary of conflict handling of HARQ-ACK and SR in NR R15
	
	HARQ-ACK w/ F0
	HARQ-ACK w/ F1
	HARQ-ACK w/ F2/3/4

	
	One bit SR
	Multi-bit SR if there are multiple PUCCHs respective for multiple SRs overlapping with HARQ-ACK PUCCH

	SR with F0
	Transmit positive or negative SR and HARQ-ACK on HARQ-ACK resource
	Drop SR, transmit HARQ-ACK only (Case 1)
	
[bookmark: _GoBack] bits representing a negative or positive SR are appended to the HARQ-ACK information bits and the PUCCH resource in determined based on the total UCI payload and PRI. (Case 2)

	SR  with F1
	
	Transmit HARQ-ACK on SR resource when the SR is positive
	



For case 1, in NR R15, since the multiplexing rules for format 0 SR and format 0 HARQ-ACK, as well as format 1 SR and format 1 HARQ-ACK are different, it is hard to determine how to multiplex format 0 SR and format 1 HARQ-ACK in a single PUCCH. When format 0 SR overlaps with format 1 HARQ-ACK in time domain, UE shall drop SR transmission and transmits only HARQ-ACK. For a UE with hybrid service types, though it is not a typical case, it is possible that the format 0 SR is for URLLC and format 1 HARQ-ACK is for eMBB, then it is significant to guarantee the transmission of SR for URLLC.
For case 2, when SR overlaps with HARQ-ACK on PUCCH format 2/3/4, one or multiple bits are appended to HARQ-ACK bits and transmitted on a HARQ-ACK PUCCH resource. When the SR is for URLLC and HARQ-ACK is for eMBB, from the reliability perspective, it is not desired to transmit a format 0 SR on format 2 PUCCH resource; from the latency perspective, it is not desired to transmit a format 0 SR on a long PUCCH resource.
In addition, for all collision cases between eMBB HARQ-ACK and URLLC SR in terms of different PUCCH format, when URLLC SR and eMBB HARQ-ACK are multiplexed on eMBB HARQ-ACK PUCCH resource, the issue of PUCCH transmission power should be considered since eMBB and URLLC can have different power control parameters.
For this scenario, the following alternatives are suggested.
· Alt 1: Drop eMBB HARQ-ACK and transmit URLLC SR
· Alt.2: Multiplex eMBB HARQ-ACK and URLLC SR, considering eMBB HARQ-ACK PUCCH format and multiplexing resource, e.g.
· For eMBB HARQ-ACK with long PUCCH format, when URLLC SR and eMBB HARQ-ACK are multiplexed, using the third resource can be considered. 
· For eMBB HARQ-ACK with short PUCCH format, SR can be multiplexed on eMBB HARQ-ACK.
Scenario-12: eMBB HARQ-ACK vs. URLLC HARQ-ACK
This scenario should be treated in RAN1 with a high priority. According to the current agreements, at least two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types for a UE. All Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks. 
In addition, time granularity for the HARQ-ACK codebooks can be independently configured. For a scheduled PDSCH, UE derives HARQ-ACK codebook index based on PHY indication. 
In our view, for this scenario, it should be considered to support eMBB HARQ-ACK and URLLC HARQ-ACK multiplexing to minimize the eMBB performance degradation, especially when URLLC traffic is scheduled in a consecutive time.
For the multiplexing, whether the same time granularity or different time granularities is used (e.g. eMBB PUCCH bases on slot level and URLLC PUCCH bases on sub-slot level) should be discussed. 
The reliability needs also to be discussed. For eMBB HARQ-ACK and URLLC HARQ-ACK multiplexed on a PUCCH resource, whether the same or different code rate is used can be discussed.
If no collision occurs between eMBB HARQ-ACK resource and URLLC HARQ-ACK resource, both eMBB PUCCH and URLLC PUCCH transmitted separately.
Scenario-13: eMBB HARQ-ACK vs. CSI
This scenario should be treated in RAN1 with a low priority and Rel-15 mechanism can be reused.
Scenario-14: eMBB HARQ-ACK vs. URLLC PUSCH
This scenario is related to RAN1 and should be treated with a high priority.
Although eMBB HARQ-ACK and URLLC PUSCH may have different priorities, dropping eMBB HARQ-ACK may severely impact eMBB performance especially when URLLC traffic is scheduled in a consecutive time. It should be considered that eMBB HARQ-ACK is multiplexed on URLLC PUSCH if timeline is satisfied. Following options can be discussed.
· Opt 1: Always multiplexing regardless of eMBB HARQ-ACK payload size
· Opt 2: eMBB HARQ-ACK is multiplexed on URLLC PUSCH when the number of eMBB HARQ-ACK payload size is less than X bits. Otherwise, bundling of eMBB HARQ-ACK bits or transmission of partial eMBB HARQ-ACK bits can be considered.  X is FFS. 
· Opt 3: dynamic indication eMBB HARQ-ACK multiplexing on URLLC PUSCH.
Scenario-15: eMBB PUSCH vs. URLLC SR
This scenario is related to RAN1 and should be treated in RAN1 with a high priority. In current specs, PUSCH and SR are not allowed to be transmitted simultaneously.  
Firstly, URLLC SR should have the higher priority. For an on-going eMBB PUSCH, when URLLC SR is delivered from MAC layer, URLLC SR should be transmitted and eMBB PUSCH should be dropped.
The following solutions can be discussed: 
· Alt 1: When URLLC SR is positive, URLLC SR is transmitted and total or partial eMBB PUSCH is dropped. Otherwise, eMBB PUSCH is transmitted.
· Alt 2: SR is multiplexed on eMBB PUSCH
Scenario-16: eMBB PUSCH vs.URLLC HARQ-ACK
This scenario is related to RAN1 and should be treated in RAN1 with a high priority. In current spec, it is deemed as error case when multiplexing timeline is not met. For eMBB PUSCH and URLLC HARQ-ACK collision, URLLC HARQ-ACK should have the higher priority.
· If multiplexing timeline is satisfied, URLLC HARQ-ACK is multiplexed on eMBB PUSCH
· A beta-offset is indicated by gNB for possible URLLC UCI multiplexing on eMBB PUSCH
· If multiplexing timeline is not satisfied, drop eMBB PUSCH and transmit URLLC HARQ-ACK.
Scenario-17: eMBB PUSCH vs. CSI
This scenario should be treated in RAN1 with a low priority. Rel-15 mechanism is reused. 
Scenario-18: eMBB PUSCH vs. URLLC PUSCH
This scenario is related to RAN1 with a higher priority. It is suggested to discuss this scenario on another agenda.
3. Conclusion
In this contribution, we discuss the enhancements to UCI, and the following proposals are made.
Proposal 1: For enhanced HARQ-ACK feedback, NR R15 PUCCH resource set configuration mechanism can be reused but in the unit of sub-slot.
· PUCCH resources are confined within a sub-slot
· Same PUCCH resource sets are configured for each sub-slot within a slot.
Proposal 2: For the remaining parameters in PUCCH configuration, we propose that
· PUCCH-SpatialRelationInfo and SchedulingRequestResourceConfig can be separately configured for different HARQ-ACK codebooks
· For Multi-CSI-PUCCH-ResourceList, there is no need to be separately configured
Proposal 3:  When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, it is up to network to configure the HARQ-ACK granularity (i.e. slot or sub-slot level) independently for each PUCCH-config.  
Proposal 4: For PHY identification for identifying a HARQ-ACK codebook 
· For dynamically-scheduled PDSCH, explicit indication in DCI can be used
· For SPS PDSCH, explicit indication in activation PDCCH can be used
· FFS: PDSCH scheduled by fallback DCI and DL SPS release
Proposal 5: PUCCH resource indication by PRI can be reused. With only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2 bits. 
Proposal 6: At most 14 PUCCHs carrying HARQ-ACK in a slot should be supported.
Proposal 7: For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
Proposal 8: For Rel-16 URLLC with sub-slot based HARQ-ACK procedure, there is no need to support CBG configuration.
Proposal 9: The following DAI mechanism for URLLC service can be considered,
·  Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differentiation (if specified)
· Alt 2: no counter/total DAI for URLLC DCI and URLLC service identification based on new DCI format/RNTI/PHY differentiation (if specified)
Proposal 10: Handling of intra-UE collision scenarios for URLLC UCI enhancements are summarized as following Table 2.
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