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Introduction
In RAN4 100e, the WF R4-2115439 on FR1 HST RRM enhancements was agreed in [1]. In Issue 3-1 and Issue 3-2, the issue about L1-SINR was discussed and some evaluation assumptions were agreed in [1].
In RAN4 101e and 101-bis-e meeting, the following on L1-SINR were captured in [2][6].
Issue 3-1-2: how to specify the requirements when L1-SINR is applied in high speed scenario
· Option 1 (HW, QC, Ericsson, MTK, ZTE, Intel, CMCC): Existing L1-SINR measurement requirements are reused for HST, and the upper bound of the side condition is 5dB
· Option 2 (Nokia, vivo, OPPO): Current L1-SINR measurement requirement can be reused in HST, no upper bound of side condition

In this paper our views on the issue of L1-SINR measurements in FR1 HST are provided.
Discussion
Necessity of L1-SINR measurements in HST scenario
In last meeting, the following are captured in the discussion summary [3].
According to moderator’s understanding, L1-SINR is introduced in RAN1, and there is no limitation on the usage of L1-SINR. It seems it is not RAN4 work to decide whether it is applicable to a certain scenario or not. From RAN4 point of view, the key issue is whether to specify requirements and how to specify the requirements when L1-SINR is applied in high speed scenario. Suggest not to further discuss this issue and focus on the discussion on whether to specify requirements and how to specify the requirements when L1-SINR is applied in high speed

Therefore, we think there is no need to further discuss whether L1-SINR measurement are applicable to HST scenario or not. However since it is not captured in WF[2], we suggest to confirm this.
Proposal 1  L1-SINR measurements should be applicable to FR1 HST.
Scenarios of L1-SINR measurements
L1-SINR measurement requirements were introduced in R16 eMIMO. According to companies’ view in previous meetings, the main issue is whether the upper bound side condition Ês/Iot ≤5 dB should be introduced, for CMR only case. This is similar to R16 SSB based L3-SINR measurements in the HST scenario. Note that in R16 eMIMO, as shown in clause 10.1.27 of TS 38.133, the RRM requirements are defined for CSI-RS based CMR only measurements.
Observation 1  RRM requirements was defined for CSIRS-based CMR-only L1-SINR measurements in R16 eMIMO.
In R16 FR1 HST, from UE perspective, typical deployment scenarios were discussed, and the corresponding demod requirements for HST-SFN and HST-DPS were defined clause 5.2.2.1.9 and 5.2.2.1.10 of TS 38.101-4 [5]. The issue about the number of TCI states that UE can track was extensively discussed in R16 HST in demod session. It was concluded that based on RAN1 spec, UE is mandatory to track only 1 TCI state, i.e. DPS 1a. For UE who supports to track more than 1 TCI state, tests for DPS 1b or HST-SFN may apply. The figure for DPS is provided in figure 1 for convenience. According to the DPS 1a test case setup in 5.2.2.1.10 and the Doppler trajectory defined in B3.3 of TS 38.101-4[5], the TCI state here is based on TRS tracking, and the main information conveyed to UE in the TCI are QCL-A, i.e. delay and doppler information. For the L1-SINR requirements discussion in R17 FR1 HST, the same scenarios as in R16 should be considered.
Observation 2 According to demod discussion in R16 HST, the baseline scenario for defining requirements should be DPS 1a, which is for UE only capable of tracking 1 TCI state.
[image: ]
Figure 1  DPS scenario defined in TS 38.101-4 B3.3 for R16 HST 
Regarding the max Doppler shift considered in R16 HST, in demod session, there were various values defined for different cases, summarized in Table 1. The doppler trajectory for HST-DPS, for example, is also shown in Figure 2. There was extensive discussion on the relation between HST DPS and HST single tap, and the reason to consider only 870Hz for DPS is to deal with the max Doppler jump of 1740Hz as shown in the right part of Figure 2, although for some other UE it is also OK to consider less Doppler jump as shown based on the left part. Note that according to TRS pattern specified in RAN1 specs, the frequency track ability of TRS is +/-1750Hz for SCS15kHz, and +/-3500Hz for SCS30kHz. On the other hand, for HST single tap, there was discussion on whether to reuse such test methodology in NR, and whether to adopt the value larger than 875Hz for such test in 15kHz FDD case. Based on operator’s input on the carrier frequency and the assumed UE speed, higher Doppler is possible, which is beyond UE capability for Doppler tracking especially considering UE capable of tracking only 1 TCI. Therefore, companies finally achieved the compromise of 972Hz for 15kHz FDD in HST single-tap with a note captured under Table B3.1-1 that 972 Hz is only applied for performance verification. 
Note that for DPS and SFN, the actual doppler shift considered for test cases is 870Hz but not 972Hz. It is within TRS tracking ability. In R17 network-based pre-compensation is extensively discussed in R17 feMIMO WI in RAN1. Our understanding is that network may also be able to perform pre-compensation based on R15/R16 specifications and hence from UE requirement perspective, it is feasible not to consider such high doppler shift in DPS and SFN.
	[Hz]
	HST single-Tap
	HST-DPS
	HST-SFN
	HST multi-path

	15kHz FDD
	972
	870
	870
	600

	30kHz TDD
	1667
	1667
	1667
	1200

	Note: These values are for 500km/h HST. For HST single Tap, 750Hz for 15kHz FDD and 1000Hz for 30kHz TDD were also defined for 300km/h HST in R15.


Table 1 Summary of max Doppler shift considered in various scenarios in R16[image: ][image: ]
Figure 2 Doppler shift trajectory considered for DPS scenario (870 Hz for 15kHz-SCS)
Observation 3 According to TS 38.101-4, 972Hz Doppler shift for SCS15kHz HST single tap is only for performance verification, and it is not meant to indicate the max Doppler shift UE needs to dealt with in real SCS15kHz HST deployment.
Observation 4 According to TRS pattern specified in RAN1 specs, the frequency track ability of TRS is +/-1750Hz for SCS15kHz, and +/-3500Hz for SCS30kHz. 
Based on above observations, in our view, for this L1-SINR accuracy measurements, firstly RAN4 need to consider the what is the accurate L1-SINR. In legacy L3 SS-SINR discussion, the issue about the in-accurate measurement in high SINR scenario was discussed. The calculation of SINR was clarified in [4].

It seems the reason for relaxation is that ICI will degrade the accuracy of SINR. However, at that time, according to evaluation results provided in [4], companies see the issue that when L3 SS-SINR measurement is performed on the neighbour cell or neighbour RRH, the accuracy can be degraded due to the ICI. However, if it is performed on the serving cell, as shown in Table 2 of [4], there is no performance degradation even though interference from the neighbour cell can still be 1944Hz. In other word, our understanding is that there will be no ICI for the serving cell reception, i.e. the tracked RRH, if one-tap model is considered.
Observation 5  In R16 SS-SINR accuracy evaluations for HST, no performance degradation is shown on the serving cell SS-SINR measurement if the one-tap scenario is considered, even assuming 1944Hz Doppler shift. 
Note that L3 SS-SINR measurement is based on SSB, which is a cell-specific RS and is also used for cell detection, therefore it is not able to perform any frequency compensation to SSB. On the other hand, according to observation 1, L1-SINR measurements are based on CSI-RSs, which can be UE-specific reference signals. TCI states can also be configured to CSI-RSs that used for L1-SINR measurements. Hence it is feasible for some pre-compensation and there is no need to consider higher Doppler the same as SSB-based scenario. Moreover, in R16 L1-SINR measurement requirements, the requirements were specified without considering that the Doppler shift can exceed TRS tracking ability.
Observation 6  The considered scenario in R17 is different, since CSI-RSs are UE-specific RS, but SSBs are cell-specific RSs.
One may argue that if UE can perform better frequency tracking, the issue can also be solved. However, the baseline assumption in R16 is that, UE is capable of tracking only 1 TCI, which is mandatory according to R15. In our view RAN4 should always prioritize mandatory UE feature.
Proposal 2  RAN4 confirm to prioritize the case that UE is capable of tracking only 1 TCI for L1-SINR measurements in HST scenario.
However, according to the agreed assumptions in [1], there are two options on the assumed Doppler offset. Clearly for option 2 the frequency offset is beyond the max TRS tracking ability, and the performance degradation can be expected. On the other hand, according to previous RAN4 discussion, such scenario is possible, especially for some FDD deployments. However, considering reasonable network configuration, if Proposal 2 is adoptable, the max Doppler shift should be under control. If needed, +/-1750Hz for SCS15kHz, and +/-3500Hz for SCS30kHz can be set as the upper bound of max Doppler shift.
Proposal 3  RAN4 may add a note in TS 38.133 to the L1-SINR measurement accuracy requirements, ‘For L1-SINR measurements requirements in HST scenario, the considered max doppler shift should not beyond 1750Hz, at least for UE that supports tracking only 1 TCI state.’
Proposal 4  No need to add any upper bound to the side condition of L1-SINR requirements under FR1 HST scenario.
On the other hand, for L1-RSRP, we do not see the issue since there is no interference or ICI considered.
L1-SINR evaluation results
On the agreed evaluation assumptions in [1], according to the scenario discussed above, it makes no sense to us why HST condition in G.3 of TS 38.104 is considered here. In our view it should be removed. Considering DPS 1a, carrier frequency offset is already enough to describe the issue. Therefore, we prefer to remove the assumptions on propagation condition or revise it to Table B3.3-1 in TS 38.101-4.
Proposal 5  Remove the evaluation assumptions on propagation condition or revise it to Table B3.3-1 in TS 38.101-4.
The updated evaluation assumptions are provided in Table 2 below.
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1
	3.6 GHz

	channel
	AWGN

	BS transmit antennas for CSI-RS
	1 tx

	UE receive antennas
	2 rx

	Data channel subcarrier spacing
	The same as CSI-RS subcarrier spacing

	Measurement period (in number of measurement samples)
	1 sample

	Subcarrier spacing
	15 kHz; 30 kHz

	CSI-RS periodicity
	5 ms

	Carrier frequency offset
	Option 1:
972Hz for 15kHz;
1667Hz for 30kHz
	Option 2:
1944Hz for 15kHz;
3334Hz for 30kHz

	Number of PRBs
	48

	Density
	3

	Side condition (SNR) on CMR
	-3 dB

	Frequency tracking
	TRS 


Table 2 Updated evaluation assumption for investigation on L1-SINR accuracy in FR1 HST
The evaluation results are provided as below, i.e. Table 3 and Table 4. ‘No-TRS’ is the for the cases without TRS-based frequency tracking, i.e. ideal frequency tracking is assumed, while ‘TRS’ is for the cases where TRS-based frequency tracking is done.
	CSI-RS Ês/Iot
(dB)
	Delta SINR [dB]

	
	Option 1 972Hz
	Option 2 1944Hz

	
	No-TRS
	TRS
	No-TRS
	TRS

	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	-5
	-1.25 
	0.66 
	2.36 
	-1.25 
	0.69 
	2.37 
	-1.52 
	0.51 
	2.24 
	-2.31 
	0.00 
	1.81 

	0
	-0.67 
	0.37 
	1.43 
	-0.62 
	0.43 
	1.48 
	-0.92 
	0.20 
	1.28 
	-1.55 
	-0.37 
	0.77 

	5
	-0.49 
	0.25 
	1.05 
	-0.42 
	0.32 
	1.11 
	-0.74 
	0.04 
	0.86 
	-1.36 
	-0.58 
	0.27 

	10
	-0.45 
	0.20 
	0.90 
	-0.36 
	0.30 
	1.00 
	-0.76 
	-0.08 
	0.61 
	-1.54 
	-0.87 
	-0.14 

	15
	-0.53 
	0.12 
	0.82 
	-0.36 
	0.30 
	0.99 
	-1.04 
	-0.38 
	0.30 
	-2.23 
	-1.59 
	-0.92 

	20
	-0.82 
	-0.11 
	0.66 
	-0.40 
	0.33 
	1.16 
	-1.83 
	-1.16 
	-0.45 
	-3.88 
	-3.30 
	-2.67 

	25
	-1.58 
	-0.77 
	0.14 
	-0.48 
	0.43 
	1.60 
	-3.64 
	-3.01 
	-2.30 
	-6.83 
	-6.39 
	-5.89 

	30
	-3.28 
	-2.45 
	-1.48 
	-0.68 
	0.67 
	2.69 
	-6.76 
	-6.26 
	-5.72 
	-10.87 
	-10.59 
	-10.27 


Table 3 Evaluation of L1-SINR accuracy under high doppler when SCS=15kHz


	CSI-RS Ês/Iot
(dB)
	Delta SINR [dB]

	
	Option 1 1667Hz
	Option 2 3334Hz

	
	No-TRS
	TRS
	No-TRS
	TRS

	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	-5
	-1.24 
	0.74 
	2.43 
	-1.24 
	0.76 
	2.43 
	-1.46 
	0.61 
	2.36 
	-1.32 
	0.77 
	2.42 

	0
	-0.68 
	0.42 
	1.49 
	-0.65 
	0.47 
	1.53 
	-0.84 
	0.29 
	1.39 
	-0.61 
	0.45 
	1.55 

	5
	-0.50 
	0.29 
	1.13 
	-0.42 
	0.34 
	1.19 
	-0.66 
	0.13 
	0.93 
	-0.42 
	0.34 
	1.13 

	10
	-0.44 
	0.24 
	0.96 
	-0.36 
	0.31 
	1.04 
	-0.65 
	0.02 
	0.72 
	-0.35 
	0.30 
	1.01 

	15
	-0.50 
	0.17 
	0.90 
	-0.35 
	0.31 
	1.05 
	-0.85 
	-0.21 
	0.49 
	-0.34 
	0.29 
	1.02 

	20
	-0.73 
	0.00 
	0.82 
	-0.39 
	0.34 
	1.18 
	-1.50 
	-0.82 
	-0.06 
	-0.37 
	0.32 
	1.15 

	25
	-1.37 
	-0.51 
	0.48 
	-0.51 
	0.44 
	1.57 
	-3.02 
	-2.35 
	-1.58 
	-0.48 
	0.41 
	1.60 

	30
	-2.80 
	-1.86 
	-0.72 
	-0.69 
	0.66 
	2.63 
	-5.82 
	-5.27 
	-4.63 
	-0.70 
	0.61 
	2.77 


Table 4 Evaluation of L1-SINR accuracy under high doppler when SCS=30kHz
Based on the above results, we see in most cases the SINR accuracy can be ensured when SNR is high, e.g. 25dB. The exception is 1944Hz Doppler. Normally TRS-based frequency tracking would be beneficial, but for the case when Doppler is 1944Hz for 15kHz-SCS, TRS-based frequency tracking may not work properly. Significant performance degradation is observed.
Observation 7  Significant performance degradation can be observed when Doppler spread is 1944Hz and SCS is 15kHz, which is caused by disfunction of TRS-based frequency tracking.

Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  L1-SINR measurements should be applicable to FR1 HST.
Observation 1  RRM requirements was defined for CSIRS-based CMR-only L1-SINR measurements in R16 eMIMO.
Observation 2  According to demod discussion in R16 HST, the baseline scenario for defining requirements should be DPS 1a, which is for UE only capable of tracking 1 TCI state.
Observation 3 According to TS 38.101-4, 972Hz Doppler shift for SCS15kHz HST single tap is only for performance verification, and it is not meant to indicate the max Doppler shift UE needs to dealt with in real SCS15kHz HST deployment.
Observation 4 According to TRS pattern specified in RAN1 specs, the frequency track ability of TRS is +/-1750Hz for SCS15kHz, and +/-3500Hz for SCS30kHz. 
Observation 5  In R16 SS-SINR accuracy evaluations for HST, no performance degradation is shown on the serving cell SS-SINR measurement if the one-tap scenario is considered, even assuming 1944Hz Doppler shift. 
Observation 6  The considered scenario in R17 is different, since CSI-RSs are UE-specific RS, but SSBs are cell-specific RSs.
Proposal 2  RAN4 confirm to prioritize the case that UE is capable of tracking only 1 TCI for L1-SINR measurements in HST scenario.
Proposal 3  RAN4 may add a note in TS 38.133 to the L1-SINR measurement accuracy requirements, ‘For L1-SINR measurements requirements in HST scenario, the considered max doppler shift should not beyond 1750Hz, at least for UE that supports tracking only 1 TCI state.’
Proposal 4  No need to add any upper bound to the side condition of L1-SINR requirements under FR1 HST scenario.
Proposal 5  Remove the evaluation assumptions on propagation condition or revise it to Table B3.3-1 in TS 38.101-4.
Observation 7  Significant performance degradation can be observed when Doppler spread is 1944Hz and SCS is 15kHz, which is caused by disfunction of TRS-based frequency tracking.
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