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[bookmark: _Ref129681832]In RAN1#103-e meeting, the Rel. 17 NR NR_IIOT_URLLC_enh WID [1] was discussed. The following was agreed [2] on the topic of CSI enhancement for URLLC:
	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



In this contribution, we present our views on Case 1 new reporting and Case 2 new reporting, and proposals for moving forward.

New Reporting for CSI Enhancements
Case-1 new reporting
In RAN1#103-e meeting, the following was agreed regarding Case-1 new reporting.
	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
· [bookmark: _Hlk61021868]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



As can be seen from the agreement, Schemes 1a and 1b are similar in that it is proposed to report interference statistics either directly (Scheme 1b) or indirectly through report of CQI/SINR statistics (Scheme 1a).  Schemes 1c, 1d, and 1e, on the contrast, do not report interference statistics, but other quantities.
To investigate the variation of interference, system level simulations were conducted to collect interference samples observed by UEs over time (e.g., each TTI).  For a specific UE, the difference of interference samples with a gap equals to {1, 3, 5, 7} TTIs are measured.  That is, the difference (in dB) between interference at TTI n and interference at TTI n+Gap are measured, where Gap is the distance of interference samples in time.  The CDF of the interference difference is then derived.  Figure 1 shows the CDF of interference difference observed by a UE in a subband, while Figure 2 illustrates the CDF of interference difference observed  by the same UE over a wideband (e.g., system bandwidth).  In Figure 1 and Figure 2, the system bandwidth is 20 MHz, SCS is 30 kHz, and subband size is 8 PRBs.  More simulation assumptions can be found in the Appendix.  It is observed from Figure 1 that at 90% cumulative probability, the interference difference in a subband is 1.5 dB, 6.2 dB, 8.8 dB, and 9.4 dB for gap of {1, 3, 5, 7} TTIs, respectively.  Similar observation can be made also for wideband interference.  Table 1 tabulated the interference difference at 90% cumulative probability.  We can see that once the time gap between two interference samples is equal to or larger than 3 TTIs, there are 10% probability that the interference level changes by more than 6 dB.  Without the interference statistics reported, with such a big variation of interference, the MCS decision most likely will be in error if the time gap between the CQI measured and the actual PDSCH transmission is equal to or larger than 3 TTIs, making it extremely difficult to achieve the target reliability of 99.999%.
[bookmark: _Ref61018752]Table 1: Interference difference at 90% cumulative probability
	Gap (TTIs)
	Interference 
Difference (dB) in a Subband
	Interference Difference (dB) over a Wideband

	1
	1.5
	1.1

	3
	6.2
	5.6

	5
	8.8
	7.8

	7
	9.4
	9.3
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[bookmark: _Ref61012363]Figure 1: CDF of interference difference observed in a subband
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[bookmark: _Ref61012412]Figure 2: CDF of interference difference observed over a wideband
As can be observed from the agreements, Schemes 1c, 1d, and 1e do not provide interference statistics (e.g., mean and variance) to the gNB, therefore will not be able to mitigate the impact of the large variation of interference.  Schemes 1a and 1b, on the contrast, can provide interference statistics to the gNB, thus helping mitigate the impact of large variation of interference.
Based on the above analysis, we propose the following:
Proposal 1: NR_IIOT_URLLC_enh supports new reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.) or CQI/SINR statistics (e.g., mean, variance, etc.).

[bookmark: _Ref53991996]Reporting interference statistical information
As discussed above, reporting interference statistics is important to cope with volatile and unpredictable interference. This can be achieved through feedbacking separate information/statistics for channel and interference, for example, SNR and interference-to-noise ratio (INR). The reported INR may be measured on interference measurement resource (IMR) and/or channel measurement resource (CMR). 
Associated Measurement Resource:
Although interference measurement is already supported in existing standards, there is no separate reporting for interference. In order to support interference reporting (e.g., INR reporting), new approaches may be needed:
· Alt. 1: UE is further configured with noise (or residual interference plus noise) measurement resource (NMR)
The UE is already configured with CMR and IMR. With NMR, the UE can derive and report SNR (based on CMR and NMR) and INR (based on IMR and NMR). On the NMR, the UE assumes no transmission of signal or interference (except possibly for residual interference).
· Alt. 2: UE is further configured with a reporting configuration in which “CMR” corresponds to interference
In other words, the reported CQI actually corresponds to INR, but this can be transparent to UE.
For this reporting configuration, the noise (or residual interference) may be measured on NMR, or on a ZP CSI-RS configured for interference measurement (or CSI-IM as in the standards).
The “CMR” may be a NZP CSI-RS resource on which the UE assumes each NZP port corresponds to one transmission layer, and the derived report reflects the dominant interference to noise ratio. However, if no IMR is configured for this “CMR”, the UE assumes each NZP port corresponds to one transmission layer of “signal” and other interference (residual interference plus noise) is also present on the resource, and the derived report reflects the dominant interference to residual interference ratio.
The “CMR” may also be a ZP CSI-RS resource or NZP CSI-RS on which the UE assumes all signals are present, including the NZP signals, and the derived report reflects the total interference to noise ratio.  
Reporting and Utilization of the Reporting Values:
Next, we consider in which meaningful form the interference measurement (e.g., INR) should be reported. The high volatility of interference may render reporting of instantaneous interference value meaningless. However, it is worth pointing out that although interference values vary significantly, interference statistics can be more robust over time and can be useful for the network to utilize in link adaptation. For example, if the UE reports that 95% of the INR samples are below 20 dB, i.e., the 95%ile INR CDF is 20 dB, then the gNB knows that there is only 5% chance that the interference will go beyond 20 dB, and it can decide how aggressive it can be in setting the MCS, accounting for the URLLC requirements and traffic load. For another example, the UE may report the INR maximum value over time is 20 dB, then the gNB knows that when setting the MCS, assuming 20 dB interference is most likely to have sufficient margin and the transmission is most likely to be successful. 
Interference statistics may include the standard deviation / variance, maximum, minimum, 25%ile, 50%ile, 75%ile, x%ile, confidence interval, etc., of the instantaneous interference measurement values. These statistics may be reported periodically by URLLC UEs.  Considering the fact that the interference statistics may be derived based on measurements over a longer time period than the channel measurement (e.g., SINR), the interference statistics can be reported with a longer period to reduce the CSI feedback overhead.  The interference statistics can also be reported alone (e.g., without reporting the CQI) to further reduce the CSI feedback overhead.   
Exactly how the network may utilize the reported information does not need to be specified in standards but can be done in implementation, such as according to the examples given above. Also note that the network may need to take into account the time stamps of the report during link adaptation, e.g., when the reported information ages over time, the gNB should weigh its reliability less, and may need to apply more margin over time.
Based on the above analysis, we propose the following:
Proposal 2: NR_IIOT_URLLC_enh supports separate CSI reporting of signal/channel information and interference information. The form of the reported interference information includes INR, frequency selective interference information, and interference statistics such as max, min, standard deviation, and x%ile.
Case-2 new reporting
[bookmark: _Hlk53999250]Regarding Case-2 new reporting, it was proposed to report additional information such as PDCCH/PDSCH decoding together with HARQ-ACK to improve the Open Loop Link Adaptation (OLLA) performance.  In our opinion, since the additional information such as PDCCH/PDSCH decoding only represent a snapshot of the channel and interference status at the PDCCH/PDSCH reception time, it gives little information about the interference at future PDCCH/PDSCH reception time due to the dynamic and unpredictable nature of interference.  Therefore, it is unclear how this additional information can help gNB improve MCS selection for the future PDCCH/PDSCH transmission considering the low latency requirements in URLLC.
Based on the above analysis, we propose the following:
Proposal 3: NR_IIOT_URLLC_enh should have a better understanding on how the other measurement such as PDCCH/PDSCH decoding can help gNB improve MCS selection for future PDCCH/PDSCH transmission before making a decision on this feature. 

Conclusions
In this contribution, we present our views on channel/interference measurement for new CSI reporting.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: NR_IIOT_URLLC_enh supports new reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.) or CQI/SINR statistics (e.g., mean, variance, etc.).
Proposal 2: NR_IIOT_URLLC_enh supports separate CSI reporting of signal/channel information and interference information. The form of the reported interference information includes INR, frequency selective interference information, and interference statistics such as max, min, standard deviation, and x%ile.
Proposal 3: NR_IIOT_URLLC_enh should have a better understanding on how the other measurement such as PDCCH/PDSCH decoding can help gNB improve MCS selection for future PDCCH/PDSCH transmission before making a decision on this feature.
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Table A - 1: Simulation assumptions for interference difference
	Parameters
	Value

	Number of UEs per cell
	10

	Carrier frequency
	4 GHz

	Simulation bandwidth 
	20 MHz 

	SCS
	30 kHz

	TTI length
	0.5 ms

	Traffic model
	FTP model 3, packet arrival rate = 1p/s, packet size = 0.5 Mbytes  

	BS Deployment
	UMi, ISD = 200 m (with wraparound), 25 m antenna height 

	Channel Model
	3D UMi channel

	Antenna configurations
	BS: (M, N, P, Mg,Ng; Mp, Np) = (8,8,2,1,1,4,8). (dH,dV) = (0.5, 0.8)λ (8 columns, 4 rows, cross polarization, totally 64 ports)
UE: 4T4R 2x1x2 (2 columns, 1 row, cross polarization, 4 ports), 0.5 λ

	BS Tx power
	44 dBm

	UE receiver noise figure
	9 dB

	UE receiver
	MMSE-IRC 
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