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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#103-e we agreed the following:

Agreements
· No change of CSI processing time relative to Rel-16 CSI in this WI
· CSI processing time specific to a new CSI reporting quantity/type (if supported) can be studied

Agreement:
· For Case-2 new reporting, continue studying with focus on the new reporting type based on PDSCH decoding for OLLA performance enhancement for initial and re-transmissions of PDSCH.

Agreements:
For Case-1 New reporting, the following candidate schemes have been identified to address the fast interference change over time. Continue studying with focus on the identified schemes below for further study and evaluation.
· Scheme 1a: New reporting quantity based on CQI/SINR statistics, e.g.,
· CQI/SINR statistics (e.g., mean, variance, etc.)
· CSI prediction
· Scheme 1b: New reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.)
· Scheme 1c: New reporting quantity based on modifying existing reporting format, e.g.,
· CQI reporting considering the worst subbands
· Subband CQI granularity enhancement
· Scheme 1d: New reporting quantity related to CSI expiration time
· Scheme 1e: New reporting quantity with partial information update, e.g.,
· CSI reporting with interference update only
Companies are encouraged to investigate the above schemes, aiming for down-selection in RAN1#104-e

This contribution discusses some considerations on CSI enhancements for URLLC.
2. Discussions

2.1 A-CSI on PUCCH
Whether to specify A-CSI on PUCCH was agreed to be part of the WI scope in RAN#90 [1].  The discussion on this topic focuses on the triggering mechanism, notably the following triggering methods were proposed:
· A-CSI on PUCCH triggered by DL Grant
· A-CSI on PUCCH triggered by NACK
· A-CSI on PUCCH triggered by GC-DCI
It is recognised that A-CSI on PUCCH triggered by DL Grant or by NACK cannot be used for the 1st (initial) PDSCH transmission [2] and the benefit for subsequent PDSCH retransmission is marginal since retransmission is expected to be rare for URLLC [2] and in the rare event of a retransmission, the gNB can always schedule the retransmission conservatively [3].  It was argued that triggering using DL Grant or NACK can reduce PDCCH overhead compared to the legacy triggering method of using an UL Grant [4].  However, the WI objective is to enable more accurate MCS rather than to reduce PDCCH overhead.
Observation 1: A-CSI on PUCCH triggered by DL Grant or NACK cannot be used for the initial PDSCH transmission and it has little benefit for PDSCH retransmission since retransmission is rare and gNB can schedule retransmissions conservatively.

A-CSI on PUCCH triggered by GC-DCI can benefit the 1st PDSCH transmission.  However, it is difficult to group and determine the UEs that need the trigger since the traffic from different UEs traffics is not generally aligned and therefore use of GC-DCI is inefficient as there may be a lot of UEs in the group that does not need A-CSI [5].
Observation 2: A-CSI on PUCCH triggered by GC-DCI may lead to inefficient use of GC-DCI since not all UEs in the group require A-CSI.

Although A-CSI trigger by DL Grant cannot benefit the initial PDSCH transmission and its retransmission, it may be beneficial for PDSCH repetitions [6].   In [7], it is suggested that the A-CSI can be used for subsequent repetitions where the gNB could adjust the power of the PDSCH.  In addition to just providing the A-CSI, it is also beneficial that the UE could indicate a HARQ-ACK for the partial PDSCH repetitions where this HARQ-ACK is piggybacked onto the A-CSI.  This allows the gNB to early terminate the PDSCH repetition.  An example is shown in Figure 1, where DCI#1 schedules PDSCH#1 that has 4× repetitions and it also triggers an A-CSI to be transmitted in PUCCH#1 prior to the end of PDSCH#1’s repetitions.  After two repetitions, the UE is able to decode PDSCH#1 and it transmits an ACK piggybacked with the A-CSI in PUCCH#1.  The gNB can then cancel the last PDSCH#1 repetition, which can be used for other UEs.
[image: ]
[bookmark: _Ref54282991]Figure 1: HARQ-ACK for received PSDCH repetitions on the A-CSI

Proposal 1: If A-CSI on PUCCH is triggered by DL Grant, an intermediate HARQ-ACK for PDSCH repetition is transmitted with the A-CSI to enable early termination of PDSCH repetitions.

2.2 CSI Feedback based on PDSCH decoding for OLLA
Since the URLLC target BLER of 10-5 or 10-6 is significantly lower than those used for eMBB, it is recognised that the typical conventional Outer Loop Link Adaptation (OLLA) of using the number of NACKs and ACKs to manage the OLLA is not feasible [6].  Hence, CSI feedback based on PDSCH decoding is considered and some of the proposed methods are:
· Soft ACK [8]
· Soft NACK [6]
· Report CQI to achieve target BLER based on received PDSCH decoding [5]
· Report SNR = Target SNR – PDSCH SNR [4]
· Estimated BLER of received PDSCH [9]

[bookmark: _GoBack]The use of Soft ACK and Soft NACK allows the gNB to manage the OLLA with finer control as the gNB does not need to be too optimistic when an ACK is marginal and similarly if a NACK is caused by a spike in interference rather than radio propagation, then the gNB does not need to be too conservative in managing the OLLA.
Proposal 2: Introduce Soft ACK and Soft NACK feedbacks, where 2 bits can be used to indicate:
· High ACK
· Marginal ACK
· NACK due to radio propagation
· NACK due to strong spike in interference

Reporting the CQI, SNR and Estimated BLER are similar, in that they determine the quality of the PDSCH decoding vs the target.  This is also a useful metric to let the gNB knows how far off or how much it has exceeded its performance target in its scheduling and therefore is worth considering.

3. Conclusion
In this contribution, we discuss some aspects of CSI enhancements for URLLC.  We observe the following: 
Observation 1: A-CSI on PUCCH triggered by DL Grant or NACK cannot be used for the initial PDSCH transmission and it has little benefit for PDSCH retransmission since retransmission is rare and gNB can schedule retransmissions conservatively.
Observation 2: A-CSI on PUCCH triggered by GC-DCI may lead to inefficient use of GC-DCI since not all UEs in the group require A-CSI.


We therefore propose the following:
Proposal 1: If A-CSI on PUCCH is triggered by DL Grant, an intermediate HARQ-ACK for PDSCH repetition is transmitted with the A-CSI to enable early termination of PDSCH repetitions.
Proposal 2: Introduce Soft ACK and Soft NACK feedbacks, where 2 bits can be used to indicate:
· High ACK
· Marginal ACK
· NACK due to radio propagation
· NACK due to strong spike in interference
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