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Introduction
In the last RAN4 meeting, questions regarding the applicability of L1-SINR measurements were raised and the approved WF [1] captured the discussions as follows.
	Issue 3-1: whether L1-SINR measurement is applicable to HST
· Option 1 (CMCC, vivo): Yes. The configuration of CMR/IMR is up to network configuration, there is no restriction on L1-SINR for HST scenario 
· Option 2 (MTK, OPPO, Ericsson, HW, Apple, QC, Nokia, Intel): RAN4 needs to confirm whether L1-SINR measurement is applicable for HST or not


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Plus, discussions also took place in the group regarding SCell link recovery:
	Issue 3-3: Scell link recovery
· Agreements:
· For Scell link recovery for HST:
· There is no limitation on the number of band(s)in the spec, it depends on network
· UE capability of maxNumberSCellBFR-r16 introduced in Rel-16 can be reused
· The requirements of Scell link recovery for non-HST can be applied for HST
· the requirements of Scell link recovery for non-HST include BFD, CBD, beam failure recovery in SCell
· FFS: Performance degradation may occur when total evaluation period is longer than 5 secs in HST


In this paper we discuss whether the L1-SINR measurements should be applicable for HST in FR1 range and how the group of RAN4 should proceed with SCell link recovery for HST in FR1. We propose to introduce L1-SINR measurements and reporting for HST in FR1, and to introduce the upper bound for SINR measurement accuracy side conditions. But we propose not to introduce the evaluation period cap for SCell link recovery.
Discussion
L1-SINR measurements in HST FR1 
SINR measurements
SINR measurements are beneficial in terms of functionalities such as beam management and load balance of the network. The network makes good use of the SINR measurement results from each UE to get the detailed information regarding each available beam and the load information of the serving cell. Compared to RSRP measurements, the UE reports SINR results for the network to derive not only the signal power but also the interference and noise powers so that, by examining the interference levels the network can have a better understanding on how much neighbour cell load there is.
Both L1 and L3 SINR measurements are completely introduced in NR specs and the UE is able to choose to indicate its capability of carrying out the SINR measurements to the network so that the network can correctly configure SINR measurements to each UE accordingly, as needed.
TS 38.133 captures all kinds of SINR measurement requirements for a UE to correctly comply with the network measurement configurations. The below table is a summary to all the available SINR measurement requirements defined in TS 38.133.
Table 1 Measurement requirements specified for SINR in TS 38.133
	Item
	Clause in TS 38.133
	Note

	UE measurement capability
	9.1.3
	

	Capabilities for support of event triggering and reporting criteria
	9.1.4
	

	NR intra-frequency measurements
	9.2
	Including measurement restrictions and scheduling availability

	NR inter-frequency measurements
	9.3
	

	L1-SINR measurement reporting 
	9.8
	

	CSI-RS based L3 measurements
	9.10
	

	Intra-frequency SINR accuracy requirements
	10.1.12, 10.1.13
	

	Inter-frequency SINR accuracy requirements
	10.1.14, 10.1.15
	

	SINR report mapping
	10.1.16
	

	L1-SINR accuracy requirements
	10.1.27, 10.1.28
	



L1-SINR measurements
Regarding L1-SINR measurements and reports, RAN4 is open to discuss whether the measurements and reports are applied to HST network. Firstly, the purpose of applying the L1-SINR measurements is clear: to help the network understand better the beam qualities and provide better command on UE mobility in the network. Though in HST networks, typical deployment is to have two beams, but we do not assume this typical case to be all. Even in typical cases, with L1-SINR reporting the network is able to quickly get the information of the UE mobility from time to time so as to carry out optimal handover/TCI switch schemes.
Plus, the L3-SINR measurements and reporting are applied to HST networks, which means that the UE has to be prepared to carry out SINR measurements anyway. Thus, there is no reason why L1-SINR reporting cannot be configured by the network. Refraining the network from having L1-SINR results means no benefit to the UE but harm in the mobility in general to the system. Last but not the least, there is UE capability signalling to indicate to the network whether the UE supports SINR measurements, as we don’t see the reason not to introduce the L1-SINR measurement requirements to HST networks.
Proposal 1: RAN4 confirms that the L1-SINR measurements and reporting are applicable to HST in FR1.
Upper bound for SINR side conditions
In the last meeting, it was almost group consensus that in the case L1-SINR measurements and reporting are applicable to HST in FR1, there is an upper bound in SINR side conditions so that the accuracy is guaranteed. We also agree with the observation and the reason for it is that, when the UE is under a high SINR side condition, the impact from inaccurate I/N estimation on the general accuracy becomes bigger. During Rel-16 discussions in L3-SINR accuracy for CSI-RS based L3 mobility, RAN4 agreed on introduce the upper bound in SINR side conditions to guarantee fair accuracy performance. Particularly, a note is added to the corresponding accuracy requirements to address this issue:
‘NOTE 4: The requirements apply for CSI-RS Ês/Iot ≤XdB. X=15 if timing offset between the reference measurement timing and the target CSI-RS is no larger than 0.5*CP, and X=4 if timing offset between the reference measurement timing and the target CSI-RS is larger than 0.5*CP but no larger than CP.’

Thus, our proposal here for L1-SINR measurement accuracy for HST FR1 is to reuse the value of 4dB, since the doppler shift under HST speed is rather bad. However, this upper bound applies only to CSI-RS based L1-SINR measurements, because for SSB based SINR measurements, since all the SSB-s from different cells are overlapped with each other resulting in always a low SINR for SSB based measurements, there is in general no need to have this cap for SSB anymore.
Proposal 2: Introduce a 4dB upper bound for L1-SINR measurement accuracy side conditions; but it is only for CSI-RS based L1-SINR measurements and reporting.
SCell link recovery
There is one remaining issue for SCell link recovery from the last meeting, which is whether does RAN4 allow degradation when the total evaluation period is over 5 seconds. For information, the reason for the limitation of 5 seconds comes from the fact that the inter-site distance (ISD) is 700 ms and the speed of the train is assumed as 500 km/h. In that case, the train may take 700/(500*1000/3600) = 5.04 seconds between two RRHs. With this analysis, logic goes on that if the UE is not fast enough in evaluating before passing the ISD, it is too late.
However, the biggest problem from this analysis is to assume 500 km/h as the worst case. The worse case we use in RAN4 to derive minimum requirements aims at allowing different kinds of UE implementation instead of pursuing fair performance in every possible environment. In most of the cases for Rel-17 CA deployments, the UE speed will not be as fast as 500 km/h and we believe the ISD is also a network implementation which we should not take as a reference in numerical analysis for requirements.
Though we recognize the purpose behind the analysis, we don’t think it is a good idea to introduce anything alike a 5 second cap in the spec for SCell link recovery.
Proposal 3: Do not introduce the cap in evaluation period in the spec of RAN4 for SCell link recovery.
Conclusions
In this paper we discuss whether the L1-SINR measurements should be applicable for HST in FR1 range and how the group of RAN4 should proceed with SCell link recovery for HST in FR1. We propose to introduce L1-SINR measurements and reporting for HST in FR1, and to introduce the upper bound for SINR measurement accuracy side conditions. But we propose not to introduce the evaluation period cap for SCell link recovery.
Proposal 1: RAN4 confirms that the L1-SINR measurements and reporting are applicable to HST in FR1.
Proposal 2: Introduce a 4dB upper bound for L1-SINR measurement accuracy side conditions; but it is only for CSI-RS based L1-SINR measurements and reporting.
Proposal 3: Do not introduce the cap in evaluation period in the spec of RAN4 for SCell link recovery.
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