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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#102-e we agreed the following:
Agreements:
· Study/evaluate further on following CSI enhancement schemes in terms of technical benefit, specification and implementation impacts.
· New triggering methods for A-CSI and/or SRS
· New reporting based on one or more of the following:
· Case 1: channel/interference measurement for new CSI reporting, considering aspects such as one or more of the following:
· Reporting more accurate interference characteristics
· Reduced CSI feedback overhead (e.g., reporting interference measurement only)
· Enhanced CSI reporting such as WB/SB CQI
· Case 2: other measurement (other than channel/interference) for additional information
· E.g., PDCCH/PDSCH decoding, recommended HARQ RV sequence, etc.
· It targets to help gNB scheduler for better link adaptation of (re)transmission 
· [Reduced CSI computation time/complexity]
· [CSI feedback for PDCCH]  
· Other CSI enhancement schemes that enable accurate MCS selection are not precluded
· Detailed assumptions of the proposed CSI enhancement schemes should be provided by the proponent, such as
· Reporting values
· Triggering conditions for the reporting
· Associated measurement resource
· Uplink resource to be used for the reporting
· How to use the reported information at the gNB scheduler
· CSI-RS overhead and CSI reporting frequency 
· CSI reporting latency/timeline
· Etc.
 
This contribution discusses some aspects on new triggering methods for A-CSI and new CSI reporting.
2. Discussions
2.1 New Triggering Methods for A-CSI
In the legacy system, A-CSI is triggered using an UL Grant and transmitted on a PUSCH.  In RAN1#102e, there are proposals to allow A-CSI to be transmitted using PUCCH and triggered by other means.  One of the triggering methods that is proposed by the most companies is to trigger the A-CSI using DL Grant [1].  It is argued that this would save PDCCH overhead.  
It is noted in [2] that the DL Grant triggered A-CSI cannot be used for the 1st PDSCH transmission.  Recognising this, it is argued that the DL Grant triggered A-CSI can be used for the retransmission of PDSCH and for repetitive PDSCH [3].  It is further noted that PDSCH retransmission is rare in URLLC and so the benefit is limited for PDSCH retransmission.
Observation 1: The benefit of using DL Grant triggered A-CSI on the PDSCH retransmission is limited since retransmission is rare.

However, the use of A-CSI for PDSCH repetitions may have some benefit.  In [3], 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 transmit the ACK by piggybacking that ACK with the A-CSI in PUCCH#1.  The gNB can then cancel the last PDSCH#1 repetition, which can be used for other UEs.
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[bookmark: _Ref54282991]Figure 1: HARQ-ACK for received PSDCH repetitions on the A-CSI

Proposal 1: An intermediate HARQ-ACK for PDSCH repetition is transmitted with the A-CSI triggered by the DL Grant scheduling that PDSCH.

2.2 New CSI Reporting
URLLC target BLER of 10-5 or 10-6 is significantly lower than that used for eMBB and so the typical conventional Outer Loop Link Adaptation (OLLA) of using the number of NACKs and ACKs to manage the OLLA is not feasible [4], [5].  Although the OLLA is up to network implementation, it is highly beneficial that the UE can provide information that will help the network to manage the OLLA under very low BLER targets.  Intermittent interference which may occur in a factory environment which may further add to the difficulty in managing the OLLA.
Observation 2: The OLLA for very low URLLC BLER target of 10-5 and 10-6 with intermittent spike of interference, can benefit from additional CSI reports. 

One of the proposals is for the UE to provide information on the degree in which a decoding was successful or unsuccessful.  For example, in [6], a soft ACK is proposed where, in addition to providing a HARQ-ACK feedback the UE also tells the gNB whether PDSCH was received with a high decoding margin or a low decoding margin.  In [7], it is proposed that the UE includes the reason for failing to decode a PDSCH, e.g. due to interference or fading.  Such reporting is beneficial for example if the gNB knows that a NACK is due to a spike in interference, then it would not drastically reduce its MCS or alter its OLLA operation compared to when it received NACK due to poor radio condition.
Proposal 2: The UE reports the degree of PDSCH decoding success and reasons for PDSCH decoding failure in the CSI.

For larger SCS, the latency budget may allow for PDSCH retransmission, which is an efficient way to achieve the very low URLLC BLER targets since the transmission can be split into two or more PDSCH with higher BLER.  Hence, it would also be beneficial if the UE can report the number of retransmissions it required at a specific MCS in order to achieve the URLLC target BLER.
Proposal 3: The UE reports the number of PDSCH retransmissions required at a specific MCS to achieve a target BLER.

3. Conclusion
In this contribution, we discuss some aspects of CSI enhancements.  We observe the following: 
Observation 1: The benefit of using DL Grant triggered A-CSI on the PDSCH retransmission is limited since retransmission is rare.
Observation 2: The OLLA for very low URLLC BLER target of 10-5 and 10-6 with intermittent spike of interference, can benefit from additional CSI reports. 

We therefore propose the following:
Proposal 1: An intermediate HARQ-ACK for PDSCH repetition is transmitted with the A-CSI triggered by the DL Grant scheduling that PDSCH.
Proposal 2: The UE reports the degree of PDSCH decoding success and reasons for PDSCH decoding failure in the CSI.
Proposal 3: The UE reports the number of PDSCH retransmissions required at a specific MCS to achieve a target BLER.
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