Page 1
[bookmark: _GoBack]3GPP TSG RAN Meeting #92-e								                                               RP- 211154
Electronic Meeting, June 14-18, 2021

Source: 	vivo
Title:	Discussion on Rel-17 enhanced NR IIoT/URLLC progress and WID scope revision 
Agenda item:	9.7.2.1
Document for:	Discussion and Decision
1. Introduction
In the Rel-17 WI of NR IIoT/URLLC enhancements, for the objectives of physical layer feedback enhancements and intra-UE multiplexing and prioritization of traffic with different priority, several new features have been introduced or are still under consideration. 
In this contribution, the related RAN1 progress on above objectives for HARQ-ACK feedback enhancements, CSI feedback enhancements and intra-UE multiplexing/prioritization are summarized. Accordingly, the WID scope is updated. 
2. Discussions 
Progress for HARQ-ACK feedback enhancements
For HARQ-ACK feedback enhancements, the supported features with explicit agreements/working assumption are summarized in Table 1 [1] – [4]:
Table 1: Supported features to be specified in Rel-17 for HARQ-ACK feedback enhancements 
	Supported Features
	Related agreements

	SPS HARQ-ACK dropping for TDD
	Agreements@RAN1#102-e:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)

	Retransmission of cancelled HARQ
	Working Assumption @RAN1#105-e: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities


	PUCCH repetition enhancements
	Agreements@RAN1#104-e: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· […]
Agreements@RAN1#104-e: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition

	Type 1 HARQ codebook based on sub-slot PUCCH configuration
	Agreement@RAN1#104b-e: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot


	PUCCH carrier switching for HARQ feedback
	Agreement@RAN1#105-e: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral



From Table 1, it is observed that at least four agreed features and one feature with working assumption are agreed to be supported in Rel-17 for HARQ-ACK feedback enhancements. Among those features, the expected specification efforts for PUCCH repetition enhancements and Type 1 HARQ codebook based on sub-slot PUCCH configuration are smaller compared to other three features. Based on Table 1, the scope for UE feedback enhancements for HARQ-ACK is revised as present in Annex. 
Meanwhile, there is another feature proposed or interested by many companies, which is SPS HARQ skipping & payload size reduction (for skipped & non-skipped SPS PDSCH). The decision on whether or not to support SPS HARQ skipping & payload size reduction is pending. Based on the agreements so far, there are still four different options for SPS HARQ skipping & payload size reduction as shown below for discussion: 
· NACK skipping for SPS PDSCH 
· ACK skipping for SPS PDSCH 
· HARQ bundling / compression for SPS PDSCH 
· HARQ-ACK disabling /skipping for certain SPS configurations
On one hand, the scope for Rel-17 HARQ-ACK feedback enhancements is already big and the available time for Rel-17 finalization is a little bit tight; on the other hand, given this topic has not been discussed in RAN1#105-e meeting, and some options are simple with less specification efforts, it would be good to have RAN guidance on how to handle this topic. We see two options below, and slightly prefer option 1 so that RAN1 can have one meeting chance i.e., RAN1#106-e to make the decision. 
· Option 1: RAN1 to continue discussion on SPS HARQ skipping & payload size reduction, whether to specify or not. Status to be checked in September if any RAN level guidance is needed. 
· Option 2: SPS HARQ skipping & payload size reduction is not supported for Rel-17 Enhanced IIoT and URLLC WI.
Proposal 1: For handling of the SPS HARQ skipping & payload size reduction, it is proposed to proceed as follows:
· RAN1 to continue discussion on SPS HARQ skipping & payload size reduction, whether to specify or not. Status to be checked in September if any RAN level guidance is needed.

Progress for CSI feedback for enhanced URLLC/IIoT
For CSI enhancement, too many divergent schemes for CSI enhancements are proposed and discussed in RAN1 meetings. The total number of the proposed schemes is up to 17 for new reporting based on channel/interference measurement (Case 1), and new reporting based on other measurement (Case 2). Extensive evaluation results and analyses are provided and discussed by companies. In the latest RAN1#105-e meeting, after fully discussion of each scheme, the down-selection of CSI enhancement schemes still cannot be made in RAN1 [7]. There is also no any substantial conclusion can be achieved for CSI feedback up to now, unfortunately. Given such situations and the limited time left for the WI finalization, it is neither efficient nor meaningful to continue the study of the CSI feedback enhancement. RAN plenary should decide whether to support the new report Case 1 or Case 2 for Rel-17 URLLC CSI enhancement agenda item.   
Proposal 2: for CSI feedback enhancements, RAN plenary should make the decision on whether to support the new report Case 1 or Case 2 for Rel-17 URLLC CSI enhancement.  

Progress for Intra-UE multiplexing and prioritization
For intra-UE multiplexing and prioritization, besides to specify the multiplexing behavior among UCIs and PUSCH with different priorities e.g. multiplexing UCI on PUCCH and UCI on PUSCH with different priorities, and specify the PHY prioritization between DG and CG PUSCH of different PHY priorities as explicitly listed as the objectives in [6], there is another feature agreed to be supported in Rel-17 to at least reduce the dropping for the channels with low priority. The related agreement is following [1]:  
Agreements@RAN1#102-e:
· Simultaneous PUSCH / PUCCH within a cell group (of Sec. 6.13 of R1-2007216) and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH (of Sec. 4.3 of R1-2007216) can be further discussed as part of AI 8.3.3 in this WI (but not as part of AI 8.3.1.1).   

Agreements@RAN1#102-e of AI 8.3.3: 
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function.
· FFS for intra-band CA.
Accordingly, this feature should be added as one objective for intra-UE multiplexing and prioritization. The revised scope is present in Annex. 
Proposal 3: Specify support for simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA should be explicitly added as one objective for intra-UE multiplexing and prioritization of traffic with different priority.
Proposal 4: Adopt the revised WID in Annex for Enhanced IIoT and URLLC. 

3. Conclusion
In this contribution, we discussed RAN1 progress for HARQ-ACK feedback enhancements, CSI feedback enhancements and intra-UE multiplexing/prioritization. Based on discussion, following proposals are made:
Proposal 1: For handling of the SPS HARQ skipping & payload size reduction, it is proposed to proceed as follows:
· RAN1 to continue discussion on SPS HARQ skipping & payload size reduction, whether to specify or not. Status to be checked in September if any RAN level guidance is needed.
Proposal 2: for CSI feedback enhancements, RAN plenary should make the decision on whether to support the new report Case 1 or Case 2 for Rel-17 URLLC CSI enhancement.  
Proposal 3: Specify support for simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA should be explicitly added as one objective for intra-UE multiplexing and prioritization of traffic with different priority.
Proposal 4: Adopt the revised WID in Annex for Enhanced IIoT and URLLC. 
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Annex: 
Revised WID for Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR
	The detailed objectives of the Work Item are:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
0. Specify support for deferring SPS HARQ-ACK that dropped due to TDD specific collisions 
0. Specify support for sub-slot based PUCCH repetition for HARQ-ACK
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
0. Specify support forType-1 HARQ-ACK codebook for sub-slot based PUCCH configuration
0. Specify support for PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· Aim for minimum specification impact 
0. Specify support for HARQ-ACK re-transmission

· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum

3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
c. Specify support for simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 
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