[bookmark: _Hlk115189178][bookmark: _Hlk491845607]3GPP TSG-RAN WG4 Meeting #105-e                                                             R4-2219287                                                                                                                   
Toulouse, France, November 14th – 18th, 2022
Source:	Samsung
Title:	Discussion on L1-SINR and SS-SINR measurements for FR2 HST
Agenda item:			5.3
Document for:	Discussion
1. Introduction
In RAN RP#89-e, the RAN4-led work item of NR support for FR2 HST has been approved [1]. In RAN4 #102-e meeting, the WF on L1 and L3 measurement accuracy (performance) was agreed [2]. And then, the WF on RRM performance requirement was agreed in RAN4 #103-e meeting [3]. 
	<Agreement from RAN4#102-e RRM Session>
WF on L1 and L3 measurement accuracy (performance):
	Way forward:
Interested companies are invited to bring link-level simulation parameters and results for L1 and L3 measurement accuracy in HST FR2


<Agreement from RAN4#103-e RRM Session>
Sub-Topic 4: Measurement Accuracy Requirement for FR2 HST UE
	Issue 4-1: Measurement accuracy for FR2 HST UE
Way forward:
· Measurement accuracy for L1 and L3 measurement: 
· FFS
· Companies are encouraged to provide simulation results in next meeting. 

Issue 4-3: Simulation assumption further alignment for L3 measurement
Way forward:
· Confirm the simulation assumptions provided in R4-2209525, except:
· AWGN with 19444 Hz offset between desired and interfering cells, for bi-directional case
· use SINR = -6dB only, and no need to consider “FFS: -8dB, -7dB”. 

Issue 4-4: Simulation assumption further alignment for L1 measurement
Way Forward:
· Confirm the simulation assumptions provided in R4-2209525, except:
· AWGN with 19444 Hz offset for bi-directional case





In RAN4#104-e meeting, the L1 and L3 measurement accuracy were simulated and analysed [4]. For L1-measurement, all companies agreed that the existing FR2 L1-RSRP and L1-SINR measurement requirements are reused for FR2 HST. And the only open issue is about whether the upper bound of the side condition for the FR1 HST L1-SINR can be reused for FR2 HST. For L3-measurement, it was agreed that the existing Rel-15 FR2 SS-RSRP and SS-RSRQ measurement can be adopted for FR2 HST. While, how to specify SS-SINR measurement requirement for FR2 HST was discussed but without agreement. In this contribution, we would like to further provide our analysis on L1-SINR and SS-SINR measurements for FR2 HST.
	<Agreement from RAN4#104-e RRM Session>
WF on RRM performance requirement for FR2 HST:
Sub-topic 4: Measurement accuracy for FR2 HST UE
	Issue 1-4-1: L1-measurement simulation result and alignment 
Agreement: 
· L1-RSRP measurement: 
· The legacy accuracy of FR2 L1-RSRP measurement can be reused for L1-RSRP measurement in FR2 HST.
· L1-SINR measurement: 
· For the below three categories of L1-SINR measurement (introduced in Rel-16 eMIMO WI):
	CMR
	IMR
	L1-SINR accuracy requirements

	CSI-RS
	N/A
	Type 1: CSI-RS based CMR and no dedicated IMR configured

	SSB
	NZP-IMR
	Type 2: SSB based CMR and dedicated IMR configured

	
	CSI-IM
	

	CSI-RS
	NZP-IMR
	Type 3: CSI-RS based CMR and dedicated IMR configured

	
	CSI-IM
	



· For Type-2 and Type-3 L1-SINR measurement: 
· The legacy accuracy of FR2 L1-SINR measurement can be reused for L1-SINR measurement in FR2 HST.
· An upper bound SNR = FFS is defined.
· FFS FR1 HST side condition can be reused or not
· For Type-1 L1-SINR measurement: 
· The legacy accuracy of FR2 L1-SINR measurement can be reused for L1-SINR measurement in FR2 HST;
· An upper bound SNR = FFS is defined.
· FFS FR1 HST side condition can be reused or not
Issue 1-4-2: L3-measurement simulation result and alignment
Agreement: 
· For SS-RSRP and SS-RSRQ measurement: 
· The legacy accuracy requirement for Rel-15 FR2 SS-RSRP and SS-RSRQ measurement can be reused.
·  For SS-SINR measurement: 
· FFS whether or not Rel-15 FR2 SS-SINR measurement can be reused, by further study:
· Impact of uni- and bi-directional deployment scenario;
· SNR upper bound. 
· FFS FR1 HST side condition can be reused or not





2 Discussion 
2.1 Discussion on L1-SINR for FR2 HST
In TS 38.133, 3 types of L1-SINR accuracy requirements were specified in Rel-16.
	· Type 1:  CSI-RS based CMR and no dedicated IMR configured

	· Type 2:  SSB based CMR and dedicated IMR configured

	· Type 3:  CSI-RS based CMR and dedicated IMR configured


According to companies’ view in # 104-e meetings, the legacy accuracy of FR2 LI-SINR measurement can be adopted for L1-SINR measurement in FR2 HST for different types. But the main issue is whether the FR1 HST upper bound side condition 6 dB (which is agreed in #104-e meeting with bracket) can be reused or not. 
In our understanding：First, for SINR measurement, ICI always exists no matter whether the UE measures neighbour RRH or neighbour cell, so then the measurement accuracy for L1/L3 can be degraded due to ICI. Therefore, introducing an upper bound to the side condition of the L1-SINR to guarantee the accuracy of the measurement is benefit. 
Second, L1-SINR measurements can be performed using CSI-RSs. And TCI states can also be configured to CSI-RSs that used for L1-SINR measurement. Hence, it is feasible for NW to conduct pre-compensation and UE to conduct time-frequency tracking of the TCI based on the TRS if the TCI is active, and then there is no need to consider such high Doppler shift existed in SSB-based L3 measurement case for some DPS transmission modes (e.g. DPS 1a). However, considering the Doppler shift associated to TRS tracking ability for different DPS transmission modes is analyzed in demod session and complexity in implementation would be brought if we propose a similar compromise option as that discussed in FR1 HST, so we suggest to follow FR1 HST conclusion that do not differentiate the requirement of L1-SINR accuracy side condition upper bound for different DPS transmission modes but specify a X dB to cover all modes as the minimum requirements.
Observation 1: The Doppler shift associated to TRS tracking ability for different DPS transmission modes is analyzed in demod session and complexity in implementation would be brought if propose a similar compromise option as that discussed in FR1 HST.
Propose 1：Suggest do not differentiate the requirement of L1-SINR accuracy side condition upper bound for different DPS transmission modes but specify a SNR upper bound of X dB to cover all modes for FR2 HST as the minimum requirements.
2.1.1 Discussion on upper bound for different types
2.1.1.1 Discussion on upper bound for type 1
We think type 1 will impacted by ICI that caused by Doppler shift, and may suffer greatly L1-SINR performance degradation as SNR increases. And to evaluate whether the FR1 HST side condition can be reused for type 1, we do the following simulations. The simulation results of delta L1-SINR accuracy vs varying SNR values for SCS = 120 kHz and CFO = 19444 Hz for type 1 are shown in Figure 1 and Table 1, respectively. From Fig. 1 and Table 1 we can observe that, the difference between the delta L1-SINR values computed at interest SNR points is small within the region for which SNR< 6 dB, and the delta L1-SINR significantly increases with the SNR improves when SNR> 6 dB. Meanwhile, from Table 1 we can find that, L1-SINR accuracy requirement could still be satisfied at SNR=6dB. That is to say, L1-SINR measurement is reliable in SNR<6 dB region and the upper bound SNR=6dB for FR1 HST side condition can be adopted for FR2 HST. 
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Figure 1. The delta L1-SINR vs SNRs for type 1 (1 sample)
Table 1. Measurement accuracy on delta L1-SINR vs SNRs for type 1, SCS=120 kHz (1 samples)
	Propagation condition
	SNR [dB]
	5%
	50%
	95%
	Max (5%, 95%)

	AWGN 19444Hz
	-3
	-1.96
	-0.45
	0.82
	1.96

	
	0
	-1.74
	-0.68
	0.32
	1.74

	
	3
	-1.84
	-1.01
	-0.19
	1.84

	
	6
	-2.31
	-1.58
	-0.86
	2.31

	
	9
	-3.22
	-2.54
	-1.86
	3.22

	
	12
	-4.66
	-3.99
	-3.31
	4.66

	
	15
	-6.62
	-5.84
	-5.24
	6.62


Observation 2: For type 1, the difference between the delta L1-SINR values computed at interest SNR points is small within the region for which SNR< 6 dB, the delta L1-SINR significantly increases with the SNR improves when SNR> 6 dB, and the  L1-SINR accuracy requirement could still be satisfied at SNR=6dB。
Propose 2：For FR2 HST L1-SINR measurement accuracy requirements of type 1, the upper bound of the side condition 6dB for FR1 HST can be reused.
2.1.1.2 Discussion on upper bound for type 3
We think type 3 will also impacted by ICI that caused by Doppler shift, since that the interference is exist as part of the measurement for this type as well. However, according to the computation equation (1)
                    (1)
where CSI-RS_IMR can be NZP-IMR or CSI-IM, the L1-SINR measurement would be better than that on type 1, since that the L1-SINR in type 3 is computed as a ratio of CMR and IMR, while it is computed by CMR only in type 1, for which the signal power and I+N power are estimated based on the same resources.
For CMR+CSI-IM scenarios, due to the same CMR SNR level, the L1-SINR measurement performance achieved by UE in this scenario is similar (and is slightly better) as compared with that in type 1, which can be observed from Table 2. Thus, based on the simulations, we think the L1-SINR accuracy requirements for type 1 is acceptable for type 3 CSI-RS based CMR+ CSI-IM scenario.
Table 2. Comparison of measurement accuracy on delta L1-SINR vs SNRs for CMR only and CMR+CSI-IM scenarios
	Propagation condition
	SNR [dB]
	scenarios
	5%
	50%
	95%
	Max (5%, 95%)

	AWGN 19444Hz
	-3
	CMR only
	-1.96
	-0.45
	0.82
	1.96

	
	
	CMR+CSI-IM
	-1.8
	-0.51
	0.62
	1.8

	
	0
	CMR only
	-1.74
	-0.68
	0.32
	1.74

	
	
	CMR+CSI-IM
	-1.59
	-0.69
	0.16
	1.59

	
	3
	CMR only
	-1.84
	-1.01
	-0.19
	1.84

	
	
	CMR+CSI-IM
	-1.69
	-0.99
	-0.31
	1.69

	
	6
	CMR only
	-2.31
	-1.58
	-0.86
	2.31

	
	
	CMR+CSI-IM
	-2.13
	-1.53
	-0.94
	2.13

	
	9
	CMR only
	-3.22
	-2.54
	-1.86
	3.22

	
	
	CMR+CSI-IM
	-3
	-2.45
	-1.89
	3

	
	12
	CMR only
	-4.66
	-3.99
	-3.31
	4.66

	
	
	CMR+CSI-IM
	-4.37
	-3.84
	-3.31
	4.37

	
	15
	CMR only
	-6.62
	-5.84
	-5.24
	6.62

	
	
	CMR+CSI-IM
	-6.26
	-5.74
	-5.21
	6.26


Observation 3: The L1-SINR measurement accuracy achieved by UE in CMR+CSI-IM scenario of type 3 is similar and slightly better compared to that in type 1.
Propose 3：For FR2 HST L1-SINR measurement accuracy requirements of type 3 CSI-RS based CMR+CSI-IM scenario, the upper bound of the side condition 6dB for FR1 HST can be reused.
For CMR+NZP-IMR scenario, since NZP-IMR can be used for intra-cell interference measurement, while the CSI-IM provides resources on which the serving cell transmits nothing, allowing for measurement of interference transmission from neighbouring cells, and , the impact of ICI on CMR+NZP-IMR scenario is much smaller than that on CMR+CSI-IM scenario. Actually, the similar large performance degradation issues discussed in above section 2.1.1.1 is not observed from our simulation results as well. So we think in general no need to define an upper bound for type 3 CMR+NZP-IMR scenario. While, considering the minimum requirement for the L1-SINR accuracy among both scenarios, we suggest to introduce and adopt SNR=6 dB as the upper bound for L1-SINR accuracy requirement of type 3 to ensure the accuracy performance.
Observation 4: The impact of ICI on CMR+NZP-IMR scenario is much smaller than that on CMR+CSI-IM scenario. The large performance degradation issues is not observed from our simulation results for CMR+NZP-IMR scenario.
Propose 4：In general no need to define an upper bound for type 3 CMR+NZP-IMR scenario. 
Propose 5：Considering the minimum requirement for the L1-SINR accuracy among both scenarios, introduce and reuse SNR=6 dB for FR1 HST as the upper bound for L1-SINR accuracy requirement of type 3 to ensure the accuracy performance.
2.1.1.2 Discussion on upper bound for type 2
First, using SSB based L1-SINR measurement would have a worse SINR performance than CSI-RS based, which can be found in our preliminary simulations [5] and Table 3. While, based on the simulation results shown in Fig. 2 and Table 3, the upper bound SNR=6 dB can be adopted in type 2 SSB based CMR+CSI-IM scenario, and actually the L1-SINR accuracy requirement could still be satisfied at SNR=9dB shown in Table 3.
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Figure 2. The delta L1-SINR vs SNRs for type 2 SSB based CMR+CSI-IM scenario (1 sample)
Table 3.Measurement accuracy of delta L1-SINR vs SNRs in SSB based CMR+CS-IM scenario, SCS 120 kHz (1 sample)
	Propagation condition
	SNR [dB]
	5%
	50%
	95%
	Max (5%, 95%)

	AWGN 19444Hz
	-3
	-2.05
	-0.64
	0.53
	2.05

	
	0
	-1.77
	-0.83
	0.01
	1.77

	
	3
	-1.84
	-1.01
	-0.19
	1.84

	
	6
	-2.25
	-1.68
	-1.13
	2.25

	
	9
	-3.10
	-2.60
	-2.09
	3.1

	
	12
	-4.47
	-4.00
	-3.51
	4.47

	
	15
	-6.37
	-5.90
	-5.42
	6.37


While, for type 2 SSB based CMR+NZP-IMR scenario, as similar discussed in section 2.1.1.2, we do not see the necessity to have this upper bound. Considering the worst case for the L1-SINR accuracy requirement among both scenarios of type 2, we suggest to introduce the upper bound for L1-SINR accuracy requirement of type 2 to ensure the accuracy performance, and reuse the FR1 HST side condition upper bound SNR=6 dB.
Propose 6：Considering the minimum requirement for the L1-SINR accuracy among both scenarios, introduce and reuse SNR=6 dB for FR1 HST as the upper bound for L1-SINR accuracy requirement of type 2 to ensure the accuracy performance.
2.2 Discussion on SS-SINR for FR2 HST 
In Rel-15, the intra-frequency SS-SINR accuracy requirements is +-3 dB for -3 dB <=SSB Ês/Iot <= 25 dB. Our L3 measurement simulation results provided in #104-e show that the simulated SS-SINR values are within the SS-SINR accuracy by using the SNR in the interest region. Therefore, we propose to follow the Rel-15 FR2 SS-SINR measurement.
Propose 7: The Rel-15 FR2 SS-SINR measurement can be reused for FR2 HST
As UE is leaving the serving cell and towards the target cell, the Doppler shift from serving cell and target cell is opposite. Then, when UE performs the SS-SINR measurement on the target cell, the relative frequency error becomes large, especially the value will be doubled for the bi-directional deployment scenario, and this will bring ICI on the measurement of target cell. Based on the SS-SINR definition, the SS-SINR performance may be significantly degraded at high SNR due to the ICI. To tackle this issue, the upper bound for the side condition of the SS-SINR under FR2 HST is needed to guarantee fair accuracy performance.
To derive the concrete value of the upper bound, simulations for the SS-SINR accuracy vs varying SNR values based on the agreed simulation assumption [6] in bi-directional deployment scenarios is conducted. With the assumption that the Rel-15 SS-SINR accuracy requirements are reused for FR2 HST. According to the simulation results shown in Fig.3 and Table 4, we can observe that the FR1 HST upper bound of the side condition 5 dB (the value was agreed in RAN4#104-e with bracket) is a little strict, since that the SS-SINR accuracy requirement could still be satisfied at SNR=15dB. While, as observed in Fig.3, the delta SS-SINR increases as SNR increases when SNR>10 dB strictly and rapidly, and the trend of delta SS-SINR is relative flat within SNR<=10 dB region. That means the SS-SINR measurement may be not reliable except in SNR<=10 region. So, we are ok to define SNR=10 dB as the upper bound for bi-directional scenarios.
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Figure 3. The delta L3 SS-SINR vs SNRs (3 samples)
Table 4. Simulation results on SS-SINR vs SNRs for FR2 HST, SCS=120kHz (3 samples)
	Propagation condition
	SNR [dB]
	5%
	50%
	95%
	Max (5%, 95%)

	AWGN 19444Hz
	-3
	-1.03
	0.55
	1.82
	1.82

	
	0
	-0.94
	0.03
	0.88
	0.94

	
	5
	-0.88
	-0.42
	0.04
	0.88

	
	10
	-1.32
	-1.03
	-0.74
	1.32

	
	15
	-2.65
	-2.44
	-2.22
	2.65

	
	20
	-5.36
	-5.2
	-5.03
	5.36

	
	25
	-9.32
	-9.21
	-9.09
	9.32


Observation 5: SNR upper bound 5 dB of the FR1 HST is strict for FR2 HST. SS-SINR measurement is reliable in SNR<=10 dB region. The upper bound of SNR=10dB can meet the SSB-based SS-SINR accuracy requirements for FR2 HST bi-directional scenarios.
While, since uni-directional deployment has lower Doppler and smaller frequency offset effect compared with bi-directional deployment. Considering the minimum requirements, we think it is sufficient to define the SNR upper bound based on the bidirectional deployment. So we propose
Propose 8: For SS-SINR measurement accuracy requirements in FR2 HST, the SNR upper bound of the side condition is 10dB. 
3. Conclusion
In this contribution, we further provide our analysis on L1-SINR and SS-SINR measurements for FR2 HST, accordingly the following observations and proposals are obtained: 
Observation 1: The Doppler shift associated to TRS tracking ability for different DPS transmission modes is analyzed in demod session and complexity in implementation would be brought if propose a similar compromise option as that discussed in FR1 HST.
Observation 2: For type 1, the difference between the delta L1-SINR values computed at interest SNR points is small within the region for which SNR< 6 dB, the delta L1-SINR significantly increases with the SNR improves when SNR> 6 dB, and the  L1-SINR accuracy requirement could still be satisfied at SNR=6dB。
Observation 3: The L1-SINR measurement accuracy achieved by UE in CMR+CSI-IM scenario of type 3 is similar and slightly better compared with that in type 1.
Observation 4: The impact of ICI on CMR+NZP-IMR scenario is much smaller than that on CMR+CSI-IM scenario. The large performance degradation issues is not observed from the simulation results for CMR+NZP-IMR scenario.
Observation 5: SNR upper bound 5 dB of the FR1 HST is strict for FR2 HST. SS-SINR measurement is reliable in SNR<=10 dB region. The upper bound of SNR=10dB can meet the SSB-based SS-SINR accuracy requirements for FR2 HST bi-directional scenarios.
Propose 1：Suggest do not differentiate the requirement of L1-SINR accuracy side condition upper bound for different DPS transmission modes but specify a SNR upper bound of X dB to cover all modes for FR2 HST as the minimum requirements.
Propose 2：For FR2 HST L1-SINR measurement accuracy requirements of type 1, the upper bound of the side condition 6dB for FR1 HST can be reused.
Propose 3：For FR2 HST L1-SINR measurement accuracy requirements of type 3 CSI-RS based CMR+CSI-IM scenario, the upper bound of the side condition 6dB for FR1 HST can be reused.
Propose 4：In general no need to define an upper bound for type 3 CMR+NZP-IMR scenario. 
Propose 5：Considering the minimum requirement for the L1-SINR accuracy among both scenarios, introduce and reuse SNR=6 dB for FR1 HST as the upper bound for L1-SINR accuracy requirement of type 3 to ensure the accuracy performance.
Propose 6：Considering the minimum requirement for the L1-SINR accuracy among both scenarios, introduce and reuse SNR=6 dB for FR1 HST as the upper bound for L1-SINR accuracy requirement of type 2 to ensure the accuracy performance.
Propose 7: The Rel-15 FR2 SS-SINR measurement can be reused for FR2 HST
Propose 8: For SS-SINR measurement accuracy requirements in FR2 HST, the SNR upper bound of the side condition is 10dB. 
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