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[bookmark: _Ref521334010]Introduction
Rel-17 enhanced IIoT and URLLC WI was approved in RAN#86 [1]. The scope was updated in [2] in RAN#88e and demodulation in performance part is added in [3] in RAN#91e.
The objectives of core part WI are as follows. In this contribution, we discuss the scope of the WI based on the progress in RAN1.
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· 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 
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] 



Discussion
CSI feedback enhancement
Among the objectives, one of the most controversial topics is CSI feedback enhancements. A large number of CSI enhancements techniques were proposed in RAN1 including 11 for Case 1 reporting and 6 for Case 2 reporting.
In RAN1#104b-e meeting in April, it was concluded to not consider Case 1-2, 1-4, 1-9 and 1-10 and focus on Case 2-3 for new reporting Case 2. In addition, the following agreement was made for new reporting Case 1.
	Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay



In RAN1#105-e meeting, CSI enhancements were extensively discussed following the previous agreement and the guidance from RAN1 chair to down-select to one scheme for new reporting Case 1 and one scheme for new reporting Case 2, in order to complete the work in time. Based on the discussion, the following proposal was proposed and supported by a large number of companies. However, two companies objected to the proposal so no agreement was made.
	Proposal:
RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing granularity of subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is largest MCS index such that estimated BLER of the for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.
· Estimated BLER for a TB is the largest error probability estimate of a code block within a TB.
· FFS: whether to apply additional offset to delta-MCS (i.e. delta-MCS = IMCS_tgt – IMCS - offset)
· FFS: whether TB size for determining IMCS_tgt is TB size of received TB or other TB size
· FFS: How UE determines BLER target (e.g. explicitly indicated by network or linked to a CQI table)
· FFS: Number of bits and quantization for delta-MCS report
· FFS: whether delta-MCS is reported (Option 1) jointly with HARQ-ACK codebook or (Option 2) separately from HARQ-ACK codebook.
Supported by: SONY, MediaTek, OPPO, Spreadtrum, HiSilicon, CATT, InterDigital, Ericsson, Quectel, DoCoMo, Samsung, Motorola Mobility, LG, ZTE, vivo, Fujitsu, Qualcomm
Objected by: Nokia, Futurewei



Based on the current status in RAN1, RAN guidance is needed on whether/how to proceed CSI enhancements in RAN1 in Rel-17.
Proposal 1: RAN provides guidance on whether/how to proceed CSI enhancements in RAN1 in Rel-17.
One possibility is to agree in RAN  to focus study on increasing granularity of subband CQI and reporting of delta-MCS based on the above proposal in RAN1. Note that even with the above agreement, it is still risky that no agreement can be reached in RAN1 in Q3 on whether to support one/both of them. Therefore, status should be checked in RAN#93-e to see any additional RAN level guidance is needed on whether to continue the work in RAN1 if there is no consensus in RAN1 in Q3 on whether to support increasing granularity of subband CQI and/or reporting of delta-MCS.
Proposal 2: RAN tasks RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC and status will be checked in RAN#93-e to see whether any additional RAN level guidance is needed.
· Increasing granularity of subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
HARQ-ACK feedback enhancement
HARQ-ACK feedback enhancement is another hot topic in RAN1. Until now, the following potential HARQ-ACK feedback enhancements were discussed and five of them were agreed to be supported as highlighted in green.
· SPS HARQ-ACK deferral for TDD
· Retransmission of cancelled HARQ
· SPS HARQ skipping & payload size reduction
· PUCCH repetition enhancements
· Type 1 HARQ-ACK codebook based on sub-slot PUCCH config
· PUCCH carrier switching
For the agreed HARQ-ACK enhancements, there are many details to be further discussed and there are only three meetings left to complete the work in RAN1 which is quite challenging. Therefore, it is proposed to focus on finalizing the details of the agreed HARQ-ACK enhancements in the remaining RAN1 meetings and de-prioritize the other HARQ-ACK feedback enhancements.
Proposal 3: RAN1 should prioritize the finalization of SPS HARQ-ACK deferral for TDD, retransmission of cancelled HARQ, PUCCH repetition enhancements, Type 1 HARQ-ACK codebook based on sub-slot PUCCH config and PUCCH carrier switching. Other HARQ-ACK feedback enhancements should be discussed only if time allows after the completion of those agreed HARQ-ACK enhancements.

Conclusion
In this contribution, we provide our views on scope of Rel-17 enhanced IoT and URLLC based on the progress in RAN1. The proposals are summarized as follows:
Proposal 1: RAN provides guidance on whether/how to proceed CSI enhancements in RAN1 in Rel-17.
Proposal 2: RAN tasks RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC and status will be checked in RAN#93-e to see whether any additional RAN level guidance is needed.
· Increasing granularity of subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
[bookmark: _GoBack]Proposal 3: RAN1 should prioritize the finalization of SPS HARQ-ACK deferral for TDD, retransmission of cancelled HARQ, PUCCH repetition enhancements, Type 1 HARQ-ACK codebook based on sub-slot PUCCH config and PUCCH carrier switching. Other HARQ-ACK feedback enhancements should be discussed only if time allows after the completion of those agreed HARQ-ACK enhancements.
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