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[bookmark: _Ref513464071]Introduction
The work item on Enhanced IIoT and URLLC support for NR [1] has an objective on studying, identifying and specifying CSI feedback enhancements to allow for more accurate MCS selection. In RAN1#102-e, many candidate CSI enhancement schemes were discussed [4] and RAN1 agreed to study and evaluate further a subset of those. RAN1 also agreed on a set of baseline system-level simulation simulations building on TR38.824. RAN1 agreed on further details for candidate schemes for new reporting type (Case 1 and Case 2) in RAN1#103-e. 
This contribution proposes to progress on the issue of enhanced triggering of CSI on PUCCH by agreeing on supporting a modification to SP-CSI mechanism that may achieve same objective with less specification impact. It also presents evaluation results for a set of candidate enhancements within Case 1 and Case 2 in two scenarios.
New triggering method for CSI on PUCCH
A-CSI on PUCCH
In recent meetings, RAN1 extensively discussed possible merits of supporting aperiodic CSI triggering on PUCCH by DL assignment or other trigger. Several companies provided evaluation results in RAN1#103-e. Based on these results, it appears that the feature would not bring increase the percentage of UEs satisfying reliability requirement when compared to a baseline scheme employing SP-CSI reporting with periodicity of 20 ms [4]. A possible benefit is that the feature would allow meeting URLLC requirement without requiring allocation of periodic PUSCH (or PUCCH) resource and associated overhead, or the PDCCH overhead of requesting A-CSI on PUSCH. On the other hand, there are concerns on the possible need for additional field(s) for triggering and resource allocation.
Enhanced SP-CSI on PUCCH
Taking the above in consideration, one possible way forward could be to take SP-CSI on PUCCH reporting mechanism as a starting point and modify it to reduce the overhead of periodic transmissions which are not useful during periods of inactivity. In R16, SP-CSI on PUCCH is triggered by MAC CE and the UE applies the indicated reporting setting from the first slot after slot n+(3 times the number of slots by subframe), where n is the slot in which UE transmits HARQ-ACK for the corresponding MAC CE. Such delay may be too large to de-activate or re-activate based on traffic activity. 
However, if the gNB could indicate when to start (or stop) the SP-CSI on PUCCH transmission using DCI, it would be possible to ensure that the CSI reports are transmitted during traffic bursts. To achieve this, one could keep the MAC CE SP-CSI activation command to indicate a CSI trigger state and PUCCH resource as before, but the UE does not immediately start transmission of SP-CSI reports. The UE switches on the transmission of the CSI report for a certain number of SP-CSI report occasions only after receiving a DCI containing a DL assignment.
A significant benefit of such scheme is that it would avoid the need for indicating a PUCCH resource for CSI or a CSI trigger state in the DL DCI, since this information was already provided in the MAC CE. There no (or minimal) additional information to include in the DL DCI to support this. In addition, since the SP-CSI reports are not transmitted in-between traffic bursts, the gNB can configure a low periodicity (perhaps every slot) without increasing overhead significantly. This ensures that the CSI report can be transmitted as early as possible from the beginning of the traffic burst.




Proposal 1: Support new CSI triggering method based on SP-CSI reporting.
Evaluated schemes
[bookmark: _Hlk54313967]System-level simulations are run for the following scenarios:
· Rel-15 enabled use case with reliability 99.999%, packet size 200 bytes and FTP model 3 (100 packets/s)
· Factory automation with reliability 99.9999%, packet size 32 bytes and periodic traffic (500 packets/s)
The baseline CSI reporting and scheduling scheme is as follows:
	CSI report periodicity
	20 ms 

	CSI latency between resource and report
	3 ms

	CSI report quantity
	Subband PMI and subband CQI (differential CQI)

	Scheduling/outer-loop link adaptation
	Schedule within best subband
Select MCS from best CQI + bias, where bias is adjusted as follows
· Bias increases by 0.1 dB if ACK is reported
· Bias decreases by 0.9 dB if NACK is reported


The following schemes are evaluated:
· Case1a (Statistical CQI) – UE take CQI samples every 2 ms over a time window of 20 ms and with sub-band size of 4 PRBs. UE reports 4-bits quantized “conservative” CQI value. The “conservative” CQI value is derived from Average – 2 x Standard deviation of SINR in dB.
· Case 2 (DeltaSINR) – as described in section 8.3 of [4], scheme 5.
· Case 2 (Absolute value of BLEP exponent) – as described in section 8.3 of [4], scheme 6.
· Case 2 (Slow Soft-ACK) – as described in section 8.3 of [4], scheme 7.
 Evaluation results
Evaluation results for each scheme are shown in Table 1 to Table 3 below for the packet success %, the average PDSCH resource usage and the BLER of initial transmission.

Table 1. % of satisfied UEs
	Scenario/Scheme
	Baseline
	Case1
(Stat. CQI)
	Case2
(DeltaSINR)
	Case2 
(BLEP exp.)
	Case2
(slow Soft-ACK)

	Rel-15 enabled AR/VR

	85.7
	90
	99.6
	90.9
	93.8

	Factory automation
	53.3
	100
	100
	96.1
	100


Table 2. Average PDSCH resource usage (PRBs)
	Scenario/Scheme
	Baseline
	Case1
(Stat. CQI)
	Case2
(DeltaSINR)
	Case2 
(BLEP exp.)
	Case2
(slow Soft-ACK)

	Rel-15 enabled AR/VR

	6.7
	6.6
	16.2
	7.1
	7.8

	Factory automation
	1.6
	2.9
	3.0
	2.2
	2.4


Table 3. BLER of initial transmission
	Scenario/Scheme
	Baseline
	Case1
(Stat. CQI)
	Case2
(DeltaSINR)
	Case2 
(BLEP exp.)
	Case2
(slow Soft-ACK)

	Rel-15 enabled AR/VR

	145e-4
	124e-4
	6e-4
	75e-4
	50e-4

	Factory automation
	83e-3
	21e-3
	15e-3
	41e-3
	29e-3



One may make the following observations from the above:
· All evaluated schemes show improvement in terms of % of satisfied UEs.

· The improvements come with some increase of PDSCH resource usage in most cases. The increase is very large for the following cases:
· Case2 (DeltaSINR) for both scenarios
· Case1 (Stat. CQI) for the factory automation scenario
It may be possible that the parameters were set too conservatively for the Case2 (DeltaSINR) case. For the Case (Stat. CQI) case, one possible reason is that reporting 2 standard deviations below the mean is too conservative when the variance of CQI is lower as in the factory automation scenario. Reporting of a percentile might result in less sensitivity to this.
· In Factory automation scenario, Case2 (Soft-ACK) has the lowest PDSCH resource usage (2.4 PRBs) among schemes reaching 100% satisfied UEs.

Observation 1: The following schemes: Case 1a (Statistical CQI), Case 2 (Reporting of BLEP exponent), Case (Slow soft-ACK) improve the percentage of satisfied UEs with limited increase of average PDSCH resource usage.
Observation 2: For the factory automation scenario, Case 2 (Soft-ACK) allows reaching 100% satisfied UEs with lowest PDSCH resource usage among evaluated schemes.
Although further evaluations may need to be done to conclude on the performance of other schemes proposed in previous meetings, this preliminary evaluation allows identifying a subset of schemes that showed sufficient benefit to justify continued effort.
Proposal 2: For new reporting, continue study of at least the following schemes:
· Case 1a (Statistical CQI)
· Case 2 (Reporting of BLEP exponent)
· Case 2 (Slow soft-ACK)

Conclusion.
This contribution proposed the following: 
Proposal 1: Support new CSI triggering method based on SP-CSI reporting.
Observation 1: The following schemes: Case 1a (Statistical CQI), Case 2 (Reporting of BLEP exponent), Case (Slow soft-ACK) improve the percentage of satisfied UEs with limited increase of average PDSCH resource usage.
Observation 2: For the factory automation scenario, Case 2 (Soft-ACK) allows reaching 100% satisfied UEs with lowest PDSCH resource usage among evaluated schemes.
Proposal 2: For new reporting, continue study of at least the following schemes:
· Case 1a (Statistical CQI)
· Case 2 (Reporting of BLEP exponent)
· Case 2 (Slow soft-ACK)
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Appendix
Agreements from RAN1#103-e
Agreements
1. No change of CSI processing time relative to Rel-16 CSI in this WI
1. CSI processing time specific to a new CSI reporting quantity/type (if supported) can be studied

Agreement:
1. 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.
1. Scheme 1a: New reporting quantity based on CQI/SINR statistics, e.g.,
0. CQI/SINR statistics (e.g., mean, variance, etc.)
0. CSI prediction
1. Scheme 1b: New reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.)
1. Scheme 1c: New reporting quantity based on modifying existing reporting format, e.g.,
0. CQI reporting considering the worst subbands
0. Subband CQI granularity enhancement
1. Scheme 1d: New reporting quantity related to CSI expiration time
1. Scheme 1e: New reporting quantity with partial information update, e.g.,
0. CSI reporting with interference update only
Companies are encouraged to investigate the above schemes, aiming for down-selection in RAN1#104-e

Email summary in R1-2009775

Agreements from RAN1#102-e
Agreement:
· CSI feedback enhancement for Multi-TRP transmission is not to be discussed further under IIoT/URLLC enhancement WI
Agreements:
· Baseline assumptions are used as the required minimum to be simulated for the evaluation of candidate CSI enhancement schemes
· Reuse the assumptions in TR 38.824 and TR 38.901 as a starting point
· Companies shall report additional parameters (e.g., CSI measurement settings, CSI reporting schemes) used in their evaluation
· FFS details of baseline assumptions
· Companies can bring additional simulation results with other set(s) of assumptions

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.

Agreements:
· Consider Table 1 as baseline assumption for system level simulation for evaluating CSI enhancement schemes 
· The uses cases in Table 1 is for simulation purposes and it does not preclude a CSI enhancement scheme which is beneficial for the other URLLC use cases
· No baseline assumption is used for link level simulation 
· Companies are encouraged to use one of LLS assumption tables in Section A.3 in TR38.824 for any link level simulation

Table 1. Baseline SLS assumption for CSI enhancement schemes in URLLC/IIoT
	Parameters
	Values

	Performance metric
	Option-1 (section 5.1 of TR 38.824)

Additional metrics (it is up to company to bring results with additional metric):
· MCS prediction error (e.g., difference of a scheduled MCS and an ideal MCS)
· DL/UL signaling overhead
· CCDF of latency samples from all UEs
· BLER of 1st transmission
· Resource utilization
· Spectral efficiency

	Use cases
	Following two use cases can be considered for new triggering method and new reporting. Companies are encouraged to evaluate the following cases in descending priority:
· Rel-15 enabled use case (e.g. AR/VR) in TR 38.824 
· Reliability: 99.999
· Latency: 4ms (200bytes)
· Traffic mode: FTP model 3 (100p/s)
· Factory automation in TR 38.824 
· Reliability: 99.9999
· Latency: 1ms (32bytes)
· Traffic mode: Periodic deterministic traffic model with arrival interval 2ms
· Rel-15 enabled use case (e.g. AR/VR) in TR 38.824 
· Reliability: 99.999
· Latency: 1ms (32bytes)
· Traffic mode: FTP model 3 (100p/s)
· Assumptions for eMBB and URLLC UEs sharing the same carrier is used (as in A2.5 of TR 38.824)

	Simulation assumptions
	Following simulation assumption is used based on the use case selected:
· Rel-15 enabled use case with UMa (Table A.2.4-1 in TR 38.824)
· Factory automation at 4GHz (Table A.2.2-1 in TR38.824) with following update: 
· Channel model is replaced with InF (InF-DH) in TR 38.901 
· Companies can bring results with other InF scenarios additionally
· Layout is replaced with BS deployment in Table 7.8-7 in TR 38.901

	Transmission scheme
	Multiple antenna ports Tx scheme
· Companies report the details of Tx scheme used



Additional simulation assumptions
	Parameters
	Value

	Layout
	R15 AR/VR use case- Single layer (Macro) 
Factory automation - Indoor Factory (InF-DH)

	Carrier frequency
	4 GHz

	System bandwidth 
	20 MHz

	Channel model
	3D Uma and InF 

	Bs Tx power
	49 dBm for Outdoor UMa
24 dBm for Indoor factory 

	Subcarrier spacing
	30 kHz

	Antenna configuration
	4 x 4
32 antenna elements at the gNB
4 antenna elements at the UE

	User distribution
	R15 AR/VR use case - 80% indoor, 20% outdoor, 10 UEs per cell for UMa
Factory automation - 15 UEs per cell for Indoor factory

	Scheduler
	Time-domain PF SU-MIMO

	Traffic model
	R15 AR/VR use case - FTP Model 3 (Poisson arrival with packet arrival of 100p/s) and packet size of 200 bytes.
Factory automation – Periodic deterministic with 2ms interarrival (500p/s) and packet size of 32 bytes

	HARQ/repetition
	Adaptive HARQ retransmissions.
Maximum 2 HARQ transmissions including retransmission.

	Channel Estimation
	Realistic

	UE receiver
	MMSE-IRC
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