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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#102 e-meeting, propagation delay compensation enhancements are discussed and some agreements are achieved as 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.
In this contribution, we share our views on CSI feedback enhancements for URLLC
2. CSI feedback enhancements
In Rel-16, NR supports different types of CSI reports, including periodic CSI (P-CSI), semi-persistent CSI (SP-CSI) and aperiodic CSI (A-CSI) reports. A-CSI report is triggered by the CSI request field on a DCI that triggers a CSI report(s) on PUSCH. Either wideband or sub-band frequency granularities reporting are supported for A-CSI report on PUSCH. A-CSI on PUSCH supports Type I, Type II and Enhanced Type II CSI. By triggering one or multiple CSI report states, gNB can acquire the up-to-date channel state and interference state. 
For A-CSI report, CSI measurement, CSI computation and CSI report generation are needed. To ensure valid CSI report can be provided, CSI computation time is defined.
[bookmark: _GoBack]In current spec, the CSI computation time is defined for different cases as provided in Table 1 and Table 2.  of the Table 1 is defined for the case where there is only CSI report without a PUSCH with either transport block or HARQ-ACK or both and L = 0 CPUs are occupied. In Table 2, ,  are defined for the cases other than that for Table 1. 
For URLLC service, PDSCH and PUSCH capability 2 processing time as in Table 3 and Table 4 are adopted to guarantee low latency. Compared to the PDSCH and PUSCH processing time capability 2, it can be observed the CSI computation time is much larger that PDSCH and PUSCH capability 2 processing time. In case of URLLC burst traffic, gNB can only rely on out-of-date CSI to schedule URLLC transmission due that a CSI report would need longer processing time than the preparation for the URLLC transmission. In this case, inaccurate CSI may lead to higher decoding failure probability at UE side. Therefore, the current CSI computation time is not beneficial for gNB obtaining CSI timely. On the other hand, if the conservative MCS is always selected due that gNB has no timely CSI, resource utilization efficiency would be decreased. Above all, the current CSI computation time is unfavorable for acquisition of up-to-date CSI information for URLLC service with low latency. Therefore, CSI computation time reduction is needed for URLLC in order for timely CSI acquisition, thereby enabling accurate MCS selection at gNB side.
Observation1: CSI computation time defined in Rel-16 is much larger than PDSCH and PUSCH capability 2 processing time and is unfavorable for acquisition of accurate up-to-date CSI information. 
Proposal 1: CSI computation time reduction is necessary for timely CSI acquisition.
Table 1 CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36


 Table 2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	16
	40
	37

	1
	33
	30
	72
	69

	2
	44
	42
	141
	140

	3
	97
	85
	152
	140


Table 3 PDSCH processing time
	

	PDSCH decoding time N1 [symbols]

	
	PDSCH processing capability 2
	PDSCH processing capability 1

	0
	3
	8

	1
	4.5
	10

	2
	9 for frequency range 1
	17

	3
	-
	20


Table 4 PUSCH processing time
	

	PUSCH preparation time N2 [symbols]

	
	PUSCH processing capability 2
	PUSCH processing capability 1

	0
	5
	10

	1
	5.5
	12

	2
	11 for frequency range 1
	23

	3
	-
	36


2.1. A-CSI on PUCCH
In Rel-16, A-CSI is only triggered on PUSCH by UL grant. In case of DL traffic heavy case, gNB needs to transmit a DCI carrying UL grant to trigger an A-CSI on PUSCH, which may result in unnecessary DL control overhead. To facilitate efficient PDSCH (re)transmission and/or save control overhead for DL traffic heavy use case, A-CSI triggered on PUCCH is proposed. 
For an initial PDSCH transmission, gNB may not have the accurate CSI information. Thus, an inappropriate MCS is selected at gNB and it is mostly likely to result in decoding failure for the initial transmission at UE. In such case, NACK would be reported by UE for the PDSCH transmission. However, gNB has no opportunity to obtain a timely CSI by triggering an A-CSI on PUSCH before scheduling a retransmission, due that CSI computation time is longer than the PDSCH processing timeline where there is no enough time for UE to report CSI before HARQ-ACK feedback, as shown in the examples in Fig. 1. In order to obtain a timely CSI for more reliable retransmission scheduling, A-CSI on PUCCH can be triggered by gNB. For example, A-CSI can be reported with HARQ-ACK of initial PDSCH transmission, which can provide the channel state information for gNB for retransmission. To facilitate the A-CSI triggered on a PUCCH, CSI computation time needs to be reduced to align with PDSCH processing time N1. 
[image: ]
Figure 1 CSI and HARQ-ACK processing time for 15kHz
 
Proposal 2: For A-CSI on PUCCH, CSI computation time needs to be reduced, e.g align with PDSCH processing time N1.

2.2. CSI report based on interference measurement only 
CSI processing time can be reduced by simplifying the CSI measurement and computation processing. For typical URLLC/IIOT scenario, channel part for CSI measurement is slow-varying and interference may be sporadically happens, especially for the controlled environments in factory. From this perspective, CSI processing time reduction can be considered so that gNB can obtain the CSI in time and provide more accurate MCS indication. 
In Rel-15, channel and interference measurement can be performed at different resources. As above mentioned, the channel part may remain static thus frequent measurement and reporting for channel part are not required since the UE mobility is low. On the other hand, the interference may be varied quickly due to unpredictable inter-cell interference variation. The interference part would contribute dominantly for the channel state. Therefore, interference measurement is necessary for CSI report. It is beneficial to capture the dynamic interference variance timely.
According to above analysis, when CSI measurement is triggered, UE can perform interference measurement only. For channel part, previous channel measurement results can be adopted for generating the CQI. Channel part measurement and interference measurement can be decoupled. As shown in Figure 2, DCI triggers only interference measurement RS, which is related to the latest CSI report configuration 1 including both Channel part measurement and interference measurement.   
Similarly, for CSI, RI and PMI may be not frequently changed, for CSI report instance, CQI update only can be applied. In this case, no update for RI and PMI is needed at UE and the CSI report can base on the previous RI and PMI.   
[image: ]
Figure 2 UE performs interference measurement only
Proposal 3: For a triggered CSI report, CSI is computed based on up-to-date interference measurement and previous channel measurement 
· Partial information update among {RI, PMI, CQI}, the remaining parts base on the previous measurement.
3. Conclusion
In the contribution, we have some investigations on CSI feedback enhancement for URLLC/IIOT , and propose that,
Observation1: CSI computation time defined in Rel-16 is much larger than PDSCH and PUSCH capability 2 processing time and is unfavorable for acquisition of accurate up-to-date CSI information. 

Proposal 1: CSI computation time reduction is necessary for timely CSI acquisition.
Proposal 2: For A-CSI on PUCCH, CSI computation time needs to be reduced, e.g. align with PDSCH processing time N1.
Proposal 3: For a triggered CSI report, CSI is computed based on up-to-date interference measurement and previous channel measurement 
· Partial information update among {RI, PMI, CQI}, the remaining parts base on the previous measurement.
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