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Introduction
General issues for NTN RRM requirements were discussed in RAN4#101-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Cell service time 
· Neighbour/Target Cell/Satellite Information
· Availability of valid information as side condition
· UE behavior and requirements when valid information is not available (stop or read SIB or RAN2)
· Principles for RRM spec
· Requirements applicable to but not affected by NTN 
· Applicability of requirements 
· RLM/BFR requirements
In this paper we will provide our views on the above open issues for NTN RRM.
Discussion
Cell service time
	Issue 1-5-1: Measurement based on Cell Service Time
Companies’ views are not much different from each other. The following is suggested to agree on principles that can be found from most of the comments.
Agreement:
· UE in RRC Idle/Inactive mode shall be able to detect, measure, and evaluate neighbour cells before a serving cell stops serving the area, if Serving cell service time information is broadcasted and applicable, regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met. When to start detection, measurement, and evaluation is up to UE implementation.
· FFS whether UE shall start the detection, measurement and evaluation on neighbour cells at the time when the legacy S/R criteria are met, e.g. serving cell RSRP is worse than threshold.
· The above does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Tdetect,NR_Intra and K*Tdetect,NR_Inter. Tdetect,NR_Intra, K, and Tdetect,NR_Inter are FFS.


On the FFS point in yellow, we understand it is aligned with RAN2 defined UE behaviour. 
	Agreements via email - from offline 103 - third round
6.	Before the stop-time based measurements are triggered, the UE measurements follow Legacy behaviour (i.e., based on Srxlev/Squal) and there is no measurement relaxation.


Same as in TN, UE should perform periodic neighbour cell detection, measurement and evaluation when serving cell is below the configured search threshold. The newly introduced time triggered measurements, in our view, is aiming to make sure UE would perform the measurement based on the time conditions even when serving cell is above the search threshold, but it should not impact the existing UE behaviour related to the search threshold. 
As to the spec, we assume it can be captured in the same way as in TN requirements. 
Proposal 1: UE shall perform neighbour cell measurement when serving cell RSRP is below threshold, which is same as TN requirements.
On the FFS point in cyan, we suggest to define the threshold for applying the requirements for time triggered measurement (denoted as Ttrigger) as 
· max(Tdetect,NR_Intra, Kcarrier*max(Tdetect,NR_Inter,i)), when serving cell is above the search threshold
· max(Tdetect,NR_Intra, Nlayer*[60s]), when serving cell is below the search threshold
This is in our view the largest time required by UE to complete all the neighbour cell measurement. UE should be able to meet the requirements for time triggered measurement if the time span between the SIB broadcasting the cell stop time to the cell stop time is larger than Ttrigger, otherwise the requirements for time triggered measurement do not apply.
Proposal 2: Requirements for time triggered measurement do not apply if the time span between SIB broadcasting cell stop time and the cell stop time is less than Ttrigger, where Ttrigger is
· max(Tdetect,NR_Intra, Kcarrier*max(Tdetect,NR_Inter,i)), when serving cell is above the search threshold
· max(Tdetect,NR_Intra, Nlayer*[60s]), when serving cell is below the search threshold
In RAN2#116-bis-e, location triggered measurement has also been agreed.
	Agreements via email - from offline 103 - third round
3.	Location information can be used to determine when to start measurement.
4.	UE may choose not to perform neighbour cell measurements of “NR intra-freq or inter-freq with equal or lower priority, or inter-RAT freq with lower priority”, if (the distance between UE and serving cell reference location is shorter than a threshold) and (legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
5.	Location-based measurement initiation is only applied if the cell broadcasts location-related parameters (e.g. a threshold) and by implementation the UE has location information.


Similar to time triggered measurement, location triggered measurement is aiming to make sure UE would perform the measurement based on the location conditions, i.e. distance to serving cell is larger than a threshold, even when serving cell is above the search threshold.
We suggest to capture the location based condition in the applicability condition for the measurement requirements. 
Proposal 3: Capture the location based condition in the applicability condition for the measurement requirements.
Neighbour/Target Cell/Satellite Information
	Issue 1-6-1: If valid neighbour/target cell’s timing information in terms of validity or accuracy is not provided to UE,
Agreement:
· RAN4 to discuss whether and how to define “availability of valid target satellite information as side condition” in RAN4#102 e-meeting if RAN2 reply LS is received.
· It is recommended companies provide details on the following aspects as well:
· How to use the availability information, if defined, e.g. for differentiating requirements depending on the availability or for defining requirement applicability rule
· Whether the above is only for measurement or both measurement and mobility
· Whether the above is only for RRC Connected mode or irrespective of RRC state
Conclusion:
The following can be discussed based on contributions in RAN4 #102 e-meeitng.
· Whether specify UE behavior whether the UE stops RRM measurements and reporting once the validity timer is expired (i.e., new or additional ephemeris information is not available within the associated validity duration).

	Issue 3-3-1: Measurement requirements and serving cell SIB reading time
Agreement:
The following will be discussed in RAN4#102 e-meeting after receiving RAN2 reply LS.
· The reading time of essential information for NTN neighbor cell measurement should be accounted in the measurement period measurements, if identified as necessary. And the issue will be treated in all relevant requirements commonly.


In our view, availability of valid or accurate target satellite information is a pre-requisite for UE to perform measurement or mobility to the target cell served the target satellite. For example, UE needs to know the propagation delay and Doppler shift of the target satellite, otherwise it cannot search the target cell. So the availability of valid or accurate target satellite information should be defined as a side condition for the measurement and mobility requirements.
We think the side condition apply to both measurement and mobility (the required information related to the target satellite or the required accuracy or validity may be different for measurement and mobility), and apply irrespective of RRC state.
Proposal 4: Define “availability of valid target satellite information as side condition”.
· The side condition applies to both measurement and mobility
· This side condition applies to all RRC states
As to how to use the availability information for differentiating requirements or for defining requirement applicability rule, we suggest that no requirement apply if valid target satellite information is not made available to the UE.
In the reply LS from [2] on the NTN Neighbor Cell and Satellite Information, RAN2 confirmed that the valid target satellite information will be provided to the UE.
	Question-3: Would the parameters be available to UE, e.g. provided by serving cell, for measurements and mobility? If the answer is dependent on satellite types, e.g. GSO and NGSO, and RRC state, what would be the answers to the respective satellite types?

RAN2 answer: Yes. 

Questions-4: What would be the expected UE behavior from the perspective of handover, measurement, and measurement reporting if any or all of the information listed above is not provided to the UE by a serving cell or if any of all of the provided information cannot be used by the UE because, e.g. the validity timer expires? If the answer is dependent on satellite types, e.g. GSO and NGSO, and RRC state, what would be the answers to the respective satellite types?

RAN2 answer: RAN2 assumes all the information needed for measurement and handover would be provided to the UE by the network. If any of the information is not available or is not valid, then the UE would have to acquire the system information of the target or neighbor cell which is not desirable from handover interruption time point of view.


Based on RAN2 reply, we do not think RAN4 should spend much efforts in defining requirements when the information is not available. This is also aligned with the RAN4 principle that requirements are not defined for cases when side condition is not met.
In last meeting, some companies proposed to specify UE behavior whether the UE stops RRM measurements and reporting. In our view, this may be unnecessary and too restrictive to UE implementation. UE may still perform measurement and reporting without valid target satellite information, but it does not have to meet the RAN4 RRM requirements. 
Proposal 5: Measurement or mobility requirements do not apply if valid target satellite information is not made available to the UE.
In last meeting, some companies proposed to account for the SIBx reading time in the measurement requirements. In our view, this may be unnecessary because SIB reading is an independent task from RRM measurement, and it does not need to be done for each measurement period. In our view, they can be done in parallel (taking into account possible scheduling restriction due to RRM measurement).  
Proposal 6: SIBx reading time is not accounted in the measurement period.
Principles for RRM spec
Requirements applicable to but not affected by NTN 
	Agreement:
For those requirements applicable to but not affected by NTN, the following options will be further discussed:
· Option 1) RAN4 will copy and paste them in separate sections for NTN
· Option 2) RAN4 will introduce the applicability of the existing requirements in respective requirements
· Depending on the conclusion of ‘Issue 1-7-1: A spec structure of NTN UE RRM requirements’, the owner of big-draft CR will implement all individual draft CRs in one big CR accordingly.


We support option 1.
Having a complete and separate requirements for NTN will make the future spec maintenance easier for both TN and NTN. For example, in future some enhancement may be introduced for NTN but not applicable to TN or vice versa, using option 2 will lead to very complicated applicability rules.
Proposal 7: For those requirements applicable to but not affected by NTN, copy and paste them in separate sections for NTN.
Applicability of requirements 
	Applicability of the following requirements are as below:
· NR FR2 – NR FR1 HO 
· FFS
· NR FR1 – NR FR2 HO 
· FFS
· NR FR2 – NR FR2 HO 
· FFS


We assume NR FR2 – NR FR1 HO and NR FR1 – NR FR2 HO are applicable for NTN with NTN being the FR1 cell in the requirements. We understand in Rel-17 we only consider NTN in FR1, but we do not see particular issue for mobility between FR1 NTN cell and FR2 TN cell.
We assume NR FR2 – NR FR2 HO are not applicable for NTN.
Proposal 8: Define requirements for 
· NR FR2 – NR FR1 HO, where NTN cell is the target cell
· NR FR1 – NR FR2 HO, where NTN cell is the source cell
RLM/BFR requirements
	· FFS on the following candidates to enhance RLM and Link Recovery requirements.
· Modification of hypothetical PDCCH formats for SSB and/or CSI-RS based RLM and BFD
· Modification of BLER_out/in
· Introducing an intermediate BLER between BLER_out and BLER_in
· Modification of Evaluation period


For the hypothetical PDCCH parameters and BLER pairs, we do not see a strong need to modify. 
In last meeting some companies proposed to modify hypothetical PDCCH parameters and BLER pairs to make RLM and BFR more proactive, e.g. “how to avoid the situation where UE just has to wait until the recovery procedure condition is met even when it is obvious that the procedure will be triggered in [X]ms”.
Typically the hypothetical PDCCH parameters and BLER pairs are determined by the Es/Iot working point. As discussed in earlier RAN4 meetings, the Es/Iot side condition for TN and NTN are same, so the rationale for more proactive RLM/BFR is not very clear to us. 
Regarding the point that radio link problem is very likely to happen within [X]ms, we assume the best way to address this issue is that NW triggers HO or configures time based CHO based on [X]ms. Triggering RLF or BF [X]ms before the conditions are really met means UE will perform recovery procedure (e.g. RRC re-establishment) when current serving cell/beam can still provide reasonable throughput, which may increase the outage time for the UE 
Proposal 9: Re-use exiting hypothetical PDCCH parameters and BLER pairs from TN as baseline for NTN. Modifications can be considered if there is clear justification. 
As to the evaluation period, one issue to be considered is the impact due to RRM measurement. Based on the discussion in last meeting on measurement requirements, it is possible that neighbour cell measurement for a non-serving cell satellite causes scheduling restriction especially in LEO scenario.
· If neighbour satellite measurement are always performed within MGs, it should be already accounted in the existing requirements, i.e. RLM/BFR-RS overlapping MG are not considered in the requirements.
· If neighbour satellite measurement are always performed without MGs, the RLM/BFR-RS overlapping SMTC should not be considered in the requirements. This is the case for FR2 in existing requirements, and for NTN LEO the same approach may be re-used.
Proposal 10: Consider the impact of neighbour cell measurement in RLM/BFR evaluation period.
[bookmark: _GoBack]Conclusions
In this paper we provided our views on general issues for NTN RRM.
Proposal 1: UE shall perform neighbour cell measurement when serving cell RSRP is below threshold, which is same as TN requirements.
Proposal 2: Requirements for time triggered measurement do not apply if the time span between SIB broadcasting cell stop time and the cell stop time is less than Ttrigger, where Ttrigger is
· max(Tdetect,NR_Intra, Kcarrier*max(Tdetect,NR_Inter,i)), when serving cell is above the search threshold
· max(Tdetect,NR_Intra, Nlayer*[60s]), when serving cell is below the search threshold
Proposal 3: Capture the location based condition in the applicability condition for the measurement requirements.
Proposal 4: Define “availability of valid target satellite information as side condition”.
· The side condition applies to both measurement and mobility
· This side condition applies to all RRC states
Proposal 5: Measurement or mobility requirements do not apply if valid target satellite information is not made available to the UE.
Proposal 6: SIBx reading time is not accounted in the measurement period.
Proposal 7: For those requirements applicable to but not affected by NTN, copy and paste them in separate sections for NTN.
Proposal 8: Define requirements for 
· NR FR2 – NR FR1 HO, where NTN cell is the target cell
· NR FR1 – NR FR2 HO, where NTN cell is the source cell
Proposal 9: Re-use exiting hypothetical PDCCH parameters and BLER pairs from TN as baseline for NTN. Modifications can be considered if there is clear justification. 
Proposal 10: Consider the impact of neighbour cell measurement in RLM/BFR evaluation period.
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