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Introduction
During the last meeting [1], RAN4 made several agreements regarding L1-SINR:
	Agreements
· CSI-RS configured as CMR: 
· In FR2 it is that possible to configure CSI-RS with “repetition = on”
· Measurement restriction is applied if this CSI-RS with “repetition = on” is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement. 
· CSI-RS configured as NZP-IMR: 
· For CSI-RS configured as NZP-IMR in FR2, FFS whether or not CSI-RS with “repetition = on” can be configured, i.e., beam refinement based on NZP-IMR. 
· Option-1: NZP-IMR only with “repetition = off”. 
· Option-2: NZP-IMR can be configured with “repetition = off” or “repetition = on”. 
· CSI-RS configured as ZP-IMR: 
· For CSI-RS configured as ZP-IMR in FR2, FFS whether or not CSI-RS with “repetition = on” can be configured, i.e., beam refinement based on ZP-IMR.
· Option-1: ZP-IMR only with “repetition = off”
· Option-2: ZP-IMR can be configured with “repetition = off” or “repetition = on”. 

Agreements
· CMR only scenario:
· In addition to lower bound, the accuracy requirements for L1-SINR in CMR only scenarios is applicable for CSI-RS Es/Iot <= 25 dB as upper bound 
· (Same note 3 applied as L1-RSRP: “NOTE 3: The requirements apply for SSB Ês/Iot ≤ 25 dB”).
· CMR+IMR scenario:
· Side condition for CMR:
· FFS the range of CMR Es/Iot by considering CMR condition and resultant L1-SINR range.  
· Side condition for IMR: 
· FFS the range of Iot on IMR

	



Apart from above agreements, RAN4 also agreed to the following simulation assumptions for evaluating the accuracy of L1-SINR:

	Agreements

· L1-SINR accuracy evaluation simulation assumption for CMR only:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	N/A

	Side condition (SNR) on CMR
	-3dB

	Density (D)
	3

	Number of samples (M)
	1, 3, 5

	Number of PRBs
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for SSB-based CMR + NZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	SSB

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	option-1: 0dB, other options not excluded

	Side condition (SNR) on IMR
	option-1: 0dB, other options not excluded

	Density (D) for IMR
	3

	Number of samples (M) for IMR/CMR
	1, 3, 5

	Number of PRBs for IMR
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for SSB-based CMR + ZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	SSB

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	-3dB

	Side condition (SNR) on IMR
	N/A (only AWGN noise)

	Density (D) for IMR
	3

	Number of samples (M) for IMR/CMR
	1, 3, 5

	Number of PRBs for IMR
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for CSI-RS-based CMR + NZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	option-1: 0dB, other options not excluded

	Side condition (SNR) on IMR
	option-1: 0dB, other options not excluded

	Density (D) for CMR/IMR
	3

	Number of samples (M) for CMR/IMR
	1, 3, 5

	Number of PRBs for CMR/IMR
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for CSI-RS-based CMR + ZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	-3dB

	Side condition (SNR) on IMR
	N/A (only AWGN noise)

	Density (D) for CMR/IMR
	3

	Number of samples (M) for CMR/IMR
	1, 3, 5

	Number of PRBs for CMR/IMR
	48

	Propagation condition
	AWGN






We discuss the simulation results of L1-SINR and corresponding RRM core requirements in this contribution.
L1-SINR Simulation Results

We show the simulation results in the next two pages.
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Figure 1: CDF of estimated SINR for SCS = 15 kHz
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Figure 2: CDF of estimated SINR for SCS = 30 kHz
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Figure 3: CDF of estimated SINR for SCS = 30 kHz

Observation 1: Table 1 shows the statistics of L1-SINR simulation results in different scenarios.
Table 1: Statistics of L1-SINR simulation results in different scenarios
	SCS
	# samples
	Mean [dB]
	CMR only
	SSB/NZP IMR
	SSB/ZP IMR
	CSI-RS/NZP IMR
	CSI-RS/ZP IMR

	
	
	CMR only
	SSB/
NZP
	SSB/
ZP
	CSI-RS/
NZP
	CSI-RS/
ZP
	5-perc.
	95-perc.
	5-perc.
	95-perc.
	5-perc.
	95-perc.
	5-perc.
	95-perc.
	5-perc.
	95-perc.

	15
	1
	-1.33
	-3.3
	-3.35
	-2.9
	-3
	-2.69
	0.12
	-4.1
	-2.6
	-4.34
	-2.45
	-3.62
	-2.19
	-3.87
	-2.17

	
	3
	-1.39
	-3.31
	-3.35
	-2.9
	-3
	-2.17
	-0.53
	-3.77
	-2.83
	-3.95
	-2.79
	-3.31
	-2.47
	-3.48
	-2.53

	
	5
	-1.4
	-3.31
	-3.36
	-2.91
	-3.01
	-1.99
	-0.74
	-3.64
	-3
	-3.79
	-2.97
	-3.24
	-2.6
	-3.37
	-2.66

	30
	1
	-1.35
	-2.76
	-3.17
	-2.82
	-3.18
	-2.76
	0.16
	-3.77
	-1.89
	-4.15
	-2.29
	-3.48
	-2.15
	-4.01
	-2.36

	
	3
	-1.41
	-2.76
	-3.18
	-2.82
	-3.18
	-2.26
	-0.55
	-3.32
	-2.26
	-3.73
	-2.58
	-3.22
	-2.43
	-3.66
	-2.71

	
	5
	-1.42
	-2.76
	-3.18
	-2.83
	-3.19
	-2.07
	-0.76
	-3.18
	-2.38
	-3.65
	-2.76
	-3.12
	-2.51
	-3.55
	-2.83

	120
	1
	-1.41
	-2.89
	-3.48
	-2.55
	-3.23
	-3
	0.15
	-3.94
	-1.91
	-5.03
	-2.16
	-3.22
	-1.84
	-4.17
	-2.41

	
	3
	-1.5
	-2.89
	-3.48
	-2.55
	-3.24
	-2.79
	-0.56
	-3.49
	-2.34
	-4.43
	-2.72
	-3.33
	-2.09
	-4.04
	-2.71

	
	5
	-1.51
	-2.9
	-3.48
	-2.55
	-3.24
	-2.51
	-0.82
	-3.37
	-2.45
	-4.15
	-2.84
	-3.08
	-2.18
	-3.79
	-2.82



Based on above results, we find the achievable accuracy for each scenario. We look at the 5 and 95 percentile L1-SINR value. We take the absolute difference between these values and -3 dB. Thereafter, we add 0.5 dB to this absolute difference and take a ceiling of the result to increase it to X where 2*X is an integer.
For example, the 5 percentile and 95 percentile L1-SINR values in CMR only scenarios with 1 sample is -2.69 dB and 0.12 dB respectively. The absolute difference between these two values and -3 dB are 0.31 and 3.12 dB respectively. We take the maximum of these two values, i.e., 3.12 dB. Add 0.5 dB to it and increase it to 3.62 dB. Thereafter, we round this value to 4 dB and propose achievable accuracy to be -+ 4 dB.
RAN4 also needs to decide whether we should define requirements separately for all different combinations of scenarios. There can be 45 different combinations based on three different sample sizes, three different SCS and five scenarios. Table 2 shows L1-SINR estimation accuracies in these different scenarios.




Table 2: L1-SINR estimation accuracy (in dB) in different scenarios
	SCS
	# samples
	CMR only
	SSB/NZP IMR
	SSB/ZP IMR
	CSI-RS/NZP IMR
	CSI-RS/ZP IMR

	15
	1
	
	
	
	
	

	
	3
	
	
	
	
	

	
	5
	
	
	
	
	

	30
	1
	
	
	
	
	

	
	3
	
	
	
	
	

	
	5
	
	
	
	
	

	120
	1
	
	
	
	
	

	
	3
	
	
	
	
	

	
	5
	
	
	
	
	



Proposal 1: RAN4 uses table 2 to define the estimation accuracy requirements of L1-SINR.

Repetition pattern of CMR and IMR for L1-SINR estimation
ZP-IMR does not need to be configured with “repetition = ON”. No IMR signal is being transmitted in this scenario and UE does not need to sweep its RX beams while receiving these.
There are some advantages to configure NZP-IMR with “repetition = ON”. If CMR is configured with “repetition = ON”, UE will have to sweep its RX beams to receive CMR. UE should use the same set of RX beams to receive NZP-IMR as well because the level of interference may vary across its different RX beams. 
The same repetition pattern needs to be used between CMR and NZP-IMR so that UE can use the same set of RX beams to receive those. Also, if CMR and NZP-IMR are configured with repetition pattern = “ON”, they should be located in non-overlapping symbols so that UE can change its RX beams in time domain appropriately to receive CMR and NZP-IMR signals. 
Observation 2: If CMR is configured with “repetition = ON”, UE will have to sweep its RX beams to receive CMR. UE should use the same set of RX beams to receive NZP-IMR as well because the level of interference may vary across its different RX beams. 
Observation 3: If CMR and NZP-IMR are configured with repetition pattern = “ON”, they should be located in non-overlapping symbols so that UE can change its RX beams in time domain appropriately to receive CMR and NZP-IMR signals. 

Proposal 2: ZP-IMR CSI-RS can be configured with “repetition = off” in FR2.
Proposal 3: NZP-IMR CSI-RS can be configured with both “repetition = off” or “repetition = on” in FR2.
· CMR and NZP-IMR should be configured with the same repetition pattern.
· CMR and NZP-IMR should not overlap in time domain if they are configured with “repetition = on”.


Side conditions for CMR + IMR scenarios
During the last meeting, RAN4 defined side conditions for CMR only scenarios. 
The side conditions of CMR in CMR + ZP-IMR scenarios can mimic those of CMR in CMR only scenarios, i.e., Es/IoT can range between -3 and 25 dB in this scenario.
The side conditions of both CMR and NZP-IMR in CMR + NZP-IMR scenarios should range between 0 and 25 dB, i.e., Es/Iot of CMR can range between 0 and 25 dB and Iot of NZP-IMR can also range between 0 and 25 dB. However, the resultant SINR in this scenario, i.e., the ratio of CMR over NZP-IMR should also range between -3 to 25 dB. If the resultant SINR becomes very high, UE will not be able to adapt its RX gain controller properly to receive CMR and NZP-IMR.
Observation 4: If the L1-SINR becomes very high in CMR + NZP-IMR scenarios, UE will not be able to adapt its RX gain controller properly to receive CMR and NZP-IMR.
Proposal 4: In CMR + ZP-IMR scenarios, Es/IoT of CMR should range between -3 and 25 dB.
Proposal 5: In CMR + NZP-IMR scenarios, both Es/IoT of CMR and IoT of NZP-IMR should range between 0 and 25 dB. The resultant SINR in this scenario, i.e., the ratio of CMR over NZP-IMR should also range between -3 to 25 dB.



Conclusion
Observation 1: Table 1 shows the statistics of L1-SINR simulation results in different scenarios.
Table 1: Statistics of L1-SINR simulation results in different scenarios
	SCS
	# samples
	Mean [dB]
	CMR only
	SSB/NZP IMR
	SSB/ZP IMR
	CSI-RS/NZP IMR
	CSI-RS/ZP IMR

	
	
	CMR only
	SSB/
NZP
	SSB/
ZP
	CSI-RS/
NZP
	CSI-RS/
ZP
	5-perc.
	95-perc.
	5-perc.
	95-perc.
	5-perc.
	95-perc.
	5-perc.
	95-perc.
	5-perc.
	95-perc.

	15
	1
	-1.33
	-3.3
	-3.35
	-2.9
	-3
	-2.69
	0.12
	-4.1
	-2.6
	-4.34
	-2.45
	-3.62
	-2.19
	-3.87
	-2.17

	
	3
	-1.39
	-3.31
	-3.35
	-2.9
	-3
	-2.17
	-0.53
	-3.77
	-2.83
	-3.95
	-2.79
	-3.31
	-2.47
	-3.48
	-2.53

	
	5
	-1.4
	-3.31
	-3.36
	-2.91
	-3.01
	-1.99
	-0.74
	-3.64
	-3
	-3.79
	-2.97
	-3.24
	-2.6
	-3.37
	-2.66

	30
	1
	-1.35
	-2.76
	-3.17
	-2.82
	-3.18
	-2.76
	0.16
	-3.77
	-1.89
	-4.15
	-2.29
	-3.48
	-2.15
	-4.01
	-2.36

	
	3
	-1.41
	-2.76
	-3.18
	-2.82
	-3.18
	-2.26
	-0.55
	-3.32
	-2.26
	-3.73
	-2.58
	-3.22
	-2.43
	-3.66
	-2.71

	
	5
	-1.42
	-2.76
	-3.18
	-2.83
	-3.19
	-2.07
	-0.76
	-3.18
	-2.38
	-3.65
	-2.76
	-3.12
	-2.51
	-3.55
	-2.83

	120
	1
	-1.41
	-2.89
	-3.48
	-2.55
	-3.23
	-3
	0.15
	-3.94
	-1.91
	-5.03
	-2.16
	-3.22
	-1.84
	-4.17
	-2.41

	
	3
	-1.5
	-2.89
	-3.48
	-2.55
	-3.24
	-2.79
	-0.56
	-3.49
	-2.34
	-4.43
	-2.72
	-3.33
	-2.09
	-4.04
	-2.71

	
	5
	-1.51
	-2.9
	-3.48
	-2.55
	-3.24
	-2.51
	-0.82
	-3.37
	-2.45
	-4.15
	-2.84
	-3.08
	-2.18
	-3.79
	-2.82



Observation 2: If CMR is configured with “repetition = ON”, UE will have to sweep its RX beams to receive CMR. UE should use the same set of RX beams to receive NZP-IMR as well because the level of interference may vary across its different RX beams. 
Observation 3: If CMR and NZP-IMR are configured with repetition pattern = “ON”, they should be located in non-overlapping symbols so that UE can change its RX beams in time domain appropriately to receive CMR and NZP-IMR signals. 
Observation 4: If the L1-SINR becomes very high in CMR + NZP-IMR scenarios, UE will not be able to adapt its RX gain controller properly to receive CMR and NZP-IMR.

Proposal 1: RAN4 uses the following table to define the estimation accuracy requirements of L1-SINR.
Table: L1-SINR estimation accuracy (in dB) in different scenarios
	SCS
	# samples
	CMR only
	SSB/NZP IMR
	SSB/ZP IMR
	CSI-RS/NZP IMR
	CSI-RS/ZP IMR

	15
	1
	
	
	
	
	

	
	3
	
	
	
	
	

	
	5
	
	
	
	
	

	30
	1
	
	
	
	
	

	
	3
	
	
	
	
	

	
	5
	
	
	
	
	

	120
	1
	
	
	
	
	

	
	3
	
	
	
	
	

	
	5
	
	
	
	
	



Proposal 2: ZP-IMR CSI-RS can be configured with “repetition = off” in FR2.
Proposal 3: NZP-IMR CSI-RS can be configured with both “repetition = off” or “repetition = on” in FR2.
· CMR and NZP-IMR should be configured with the same repetition pattern.
· CMR and NZP-IMR should not overlap in time domain if they are configured with “repetition = on”.
Proposal 4: In CMR + ZP-IMR scenarios, Es/IoT of CMR should range between -3 and 25 dB.
Proposal 5: In CMR + NZP-IMR scenarios, both Es/IoT of CMR and IoT of NZP-IMR should range between 0 and 25 dB. the resultant SINR in this scenario, i.e., the ratio of CMR over NZP-IMR should also range between -3 to 25 dB.

Reference
[1] Chairman’s notes, 3GPP TSG RAN WG4 Meeting #93.
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