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1	Introduction
In RAN4# 100-e a WF on NTN RRM measurement requirements was approved [1]. In this contribution we develop topics on measurement requirements which were agreed to continue study in RRM measurement part in the WF.
2	Discussion
The following was agreed for UE measurement capability.
	Issue 1-1-2 UE Measurement Capability
Agreement:
· For further in-depth discussion on Rel-17 NTN UE measurement/mobility capability, companies are encouraged to provide the detailed views, analyses, etc. based on system level study with approved assumptions in RAN4#101 e-meeting for the following aspects (but not limited to):
· the total number of measurement carriers
· FFS whether to differentiate NTN carriers and TN carriers
· the total number of measurement cells per frequency layer
· the total number of measurement beams (SSB and/or CSI-RS) per cell
· the total number of measurement beams (SSB and/or CSI-RS) per frequency layer
· whether beams (SSB and/or CSI-RS) from the same satellite is considered as separate cells or SSB beams of the same cell when frequency reuse factor is larger than 1
· the above can be different for different RRC states



Regarding simulation assumption, the simulation target shall include:
· (Item 1) CDF of serving beam RSRP
· (Item 2) CDF of serving beam SNR
· (Item 3) CDF of serving beam RSRP – maximum neighbour cell RSRP
· (Item 4) CDF of the number of beams such that the beam SNR > YdB
· Y = -9, -6, and -3
· (Item 5) CDF of Beam dwell time in the following regions only for LEO, i.e. cases 11~30 and 41~60 in Table 8.
· (Item 5-1) Serving beam RSRP is [6]dB stronger than the second strongest neighbor beam RSRP and serving beam SNR is larger than [-6]dB
· (Item 5-2) RSRP difference between serving beam and the second strongest neighbor beam is smaller than [6] dB and serving beam SNR is larger than [-6]dB
Proposal 1: To complete uncovered items listed in below, not limited in the list, multi-satellite simulation is needed.
· the total number of measurement cells per frequency layer
· the total number of measurement beams (SSB and/or CSI-RS) per cell
· DRX issue
Observation 1: For case 1 through case 30, Item 1-4 are simulated. Some cases are invalid because simulation may face antenna distortion for LEO600 when elevation angle is 10degree. For more information, see Section 2. 

The issue related to TN-NTN was agreed in the following:
	Issue 1-1-4 TN-NTN
· Agreements:
· For RRC Idle/Inactive mode
· Define measurement/mobility requirements within NTN
· Define measurement/mobility requirements for TN-NTN
· Note: Inactive mode decision can be revisited in case the use case is deprioritized in other WGs
· For RRC Connected
· Define measurement/mobility requirements within NTN
· FFS whether to define measurement/mobility requirements for TN-NTN




Firstly, RAN2’s agreements are pasted here:
	Agreements via email - from offline 103 second round:
3.	RAN2 down priorities further enhancements for connected mode for Rel-17 for TN-NTN mobility	
4.	RAN2 continue discussing the exact solution for TN priorization over NTN for idle mode	



Proposal 2: For idle mode mobility, based on configuration NTN UE can prioritize TN over NTN. Configuration details FFS, we can wait RAN2 procedure next step. For connected mode mobility, existing principle can cover TN-NTN mobility and RRM is not impacted extraly.
In idle mode, it is reasonable to expect TN cell measurement to be more frequent/intense than NTN cell measurement; otherwise, NTN cell will be given more priority and opportunity, which is undesirable. As a result, once the NTN cell is detected, relaxed measurements on the TN cell will be inhibited.
Proposal 3: For idle mode, the UE upon detecting any NTN cell, shall meet legacy (non-relaxed) measurement requirements (low mobility relaxation can refer to section 4.2.2.9 in TS38.133) for TN cells even if it is configured with and meets the relaxed measurement criterion for TN cells.

Another issue is about side condition, which was agreed in last meeting:
	Issue 1-2-1 Side Condition
Agreement:
· For non-LEO, reuse the same side conditions as legacy, i.e. Rel-15/16.
· For LEO, RAN4 to further discuss the following options
· Option 1: Keep the same side conditions as legacy
· Option 2: Consider higher side condition or alternatives with a clear problem identification and analyses on side effects, e.g. [X]dB relation of side condition should be justified and supported by balanced technical analyses on gain and loss. The discussion may not be limited to RRM scope and may need help from RF group. 
· (Note) Different options can be selected depending on whether the cell is earth-(quasi)fixed or earth-moving cell.
· (Note) Potential issues related to side condition and cell search/measurement period are presented in R4-2111935



A request for a higher side condition was brought prematurely at the last meeting in some cases of LEO. We appreciate the rationale behind the idea, however determining accurate [X]dB without a thorough examination is difficult.
Furthermore, the problematic subsequence is that [X]dB for Earth-moving LEO examples might vary depending on orbit distances, although they are both distinct from Earth-fixed LEO and GEO cases. In this situation, more than two types of side conditions must be maintained, and the effort required appears to be substantial.
Observation 2: Concerns on the earth-moving instance of LEO experiencing frequent switching among satellites with legacy side conditions can be alleviated by designing a shorter DRX cycle in this instance while maintaining the same side conditions as the other cases, i.e. GEO and Earth-fixed LEO.
Proposal 4: We lean towards Option1: Keep the same side conditions as legacy at least as start point. It can be examined in performance part phase. 

The issue related to Neighbour/Target Cell Information Acquisition was agreed in the following:
	Issue 1-2-2 Neighbour/Target Cell Information Acquisition
Agreement:
· If not violates RAN1/2 agreements, RAN4 further discuss and determine the following in RAN4#101 e-meeting.
· [bookmark: _Hlk85180928]RAN4 to develop RRM requirements assuming parameters to derive timing relation between the UE and non-serving cell(s) for measurement and/or handover will be provided by serving cell, e.g. K_offset, N_TA,common, ephemeris information, etc. If UE doesn’t obtain those parameters from the serving cell, additional delay is expected.



Given the characteristics of NTN, differentiating measurement requirements (e.g. measurement rate, periodicity, time etc.) and measurement procedure and configurations (e.g. number of SMTC/MG in multi-SMTC/MG configuration) shall be necessary which relies on whether UE is provided with necessary information e.g. ephemeris data of neighbor cell by serving cell. 
If UE is unable to acquire necessary information, it has to detect SSB and acquire SI of the neighbor satellites, even it’s still unclear how these parameters are implemented in SI, the extra measurement time is expected. This scenario might arise because the serving satellite is unable to deliver the necessary ephemeris data from neighboring satellites, the ephemeris data is out-of-date, the ephemeris data lacks necessary information, ephemeris data has estimation error, ephemeris data doesn’t include the wanted satellites, and so on. 
It should be emphasized that invalidity of neighbor satellite ephemeris data given by the serving cell is not a corner case; instead, it is a necessary and appropriate situation that should be specified.
Proposal 5: RAN4 shall specify RRM requirements in case of no parameters (K_offset, N_TA,common, ephemeris information) from the serving cell also, which shall not be precluded. 
Proposal 6: Measurement requirements and measurement procedures/configurations shall be stated differently in case of available neighbor/target cell Information provided by serving cell and unavailable stuffs. 
It was questioned that UE is not required to read SI during the NTN CHO in last meeting. We agree the procedure itself shall not be modified with one more step of reading SI. Instead, our suggestion is to reserve time for UE to deal with reading SI if necessary. 
Proposal 7: UE shall have flexibility of realization and implementation to maintain procedure if UE cannot acquire neighbor/target cell Information (e.g. ephemeris). Alternatively, specification here is to avoid unlimited measurement time from UE side in case of lacking neighbor/target cell Information.

The issue related to DRX cycle was agreed in the following:
	Issue 1-2-3 DRX Cycle
Agreement:
· RRM requirements shall be applicable to all Rel-16 DRX cycle lengths unless a technical issue is identified. If it is demonstrated, e.g. based on system level analysis, that certain DRX cycle lengths are not applicable to NTN, RAN4 can revisit the agreement and further discuss the following options:
· Exclude the identified DRX cycle lengths from RRM spec
· Define applicability rule for the identified DRX cycle lengths
· Leave it to network configuration
· Other options are not precluded
· The decision can be different for different satellite types, altitudes, FRs, etc.




Proposal 8: We agree with the statement, and we propose that a comprehensive examination of the validity of DRX cycle duration in various circumstances be included in the system level simulation results.

The issue related to UE/satellite position acquisition was agreed in the following:
	Issue 1-2-4 UE/Satellite Position Acquisition
Agreement:
· GNSS validity (IDC issue) will be further discussed once the relevant agreements/observations are further made in RF session.
· If necessary, a satellite position prediction error can be modelled and counted into UE requirements. Here, the model of satellite position prediction error at least UE estimation inaccuracy.
· FFS on whether the model will also include ephemeris information inaccuracy from network.
· FFS on whether and how much impact are foreseen.



This issue is relevant to Issue 1-2-2 essentially because ephemeris information/satellite position prediction here is not only serving cell’s satellite position, but also neighbor cell and satellites are covered in this issue. We recognize that this phenomenon can occur in practice. In RAN1 and T-doc [2,] the prediction inaccuracy of satellite ephemeris was extensively studied.
The time and frequency correction done by the UE will be affected by the accuracy of the ephemeris data.
[bookmark: _Hlk71283032]The maximum (over t) prediction error magnitude for satellite position and satellite velocity are shown in Figure 1 . The results indicate that prediction from orbital elements is possible with acceptable accuracy in the order of tens of seconds ahead in time (depending on the required accuracy). 
Note that the presented prediction errors are the total error magnitude, which will only partially be in the UE-satellite direction and therefore only partially impact the access offset determination.

[image: ] [image: ]
[bookmark: _Ref61870937]Figure 1: Max position and velocity prediction error versus prediction time.

Therefore, the next question is what’s the accuracy is required if updating ephemeris in the order of tens of seconds?
The task of RRM is to investigate and justify if the accuracy of ephemeris information may change spec. Firstly, the possible influenced areas include:
· Regarding timing related issue, it shall be studied in timing session.
· Regarding location issue, e.g. for location-based HO, the inaccuracy of ephemeris data introduces uncertainty of positions of satellites. From standpoint of view, it may be addressed using hypothesis mechanism which is in discussion in RAN2. Meanwhile, the uncertainty may introduce longer measurement time, i.e. if UE misses one measurement due to satellite is not yet or already cross UE’s measurement window, UE will require extra time (e.g. one or more measurements) to recapture the satellite or capture other candidate satellites in turn accordingly. 
· Regarding time/timer issue, e.g. time/timer-based HO, the inaccuracy may have not direct impact on procedure respectively. Similarly, if UE fails to measure or operate signals by neighbor cells, UE has to retry, resulting in a longer measurement time.  
· Regarding measurement issue, e.g. RSRP, the inaccuracy is more critical in case of Earth-moving LEO case. The problem is not measured power variation including relative measurement accuracy and absolute measurement accuracy, similar as terrestrial system, measurement doesn’t take care UE’s positions.  Instead, inaccuracy may change sort of conditions of measurement, a similar example is low mobility in terrestrial system.
· SMTC and MGL may be impacted by the inaccuracy. For example, inaccurate ephemeris data results into unproper offset definition of SMTC and MGL and subsequently more measurements are needed following similar way as above items.  
Proposal 9: Generally, the satellite position prediction error shall introduce longer measurement time if inaccuracy rather than certain threshold in certain time interval. 
Proposal 10: If required ephemeris accuracy needs to be studied detailly, the most direct and thorough way is system level study with study items: location, time/timer, measurement and SMTC/MGL configurations or we can reserve extra [x] measurement samples for UE’s margin as start point. 
The second question is shall UE is assumed to acquire ephemeris update always?
Proposal 11: Two options relevant to UE acquire ephemeris update are possible and shall be studied:
Option1: UE is assumed to acquire ephemeris update in time always
Option2: UE cannot acquire ephemeris update in time in a short term
Option3: UE cannot acquire ephemeris update in time in a long term
Proposal 12: We’re leaning towards that UE shall have flexibility of realization and implementation to maintain procedure if UE cannot acquire ephemeris update, with reasonable longer measurement time specified. 
Concerns regarding the validity of the GNSS location at the UE side were addressed in RAN2 by stating that in IDLE mode, the UE is not required in order to maintain the GNSS location every DRX cycle for mobility.
Observation 3: If UE location cannot be maintained in acceptable scope in case of long time non-GNSS operation, longer measurement time is expected.
Proposal 13: RAN4 shall study requirements in idle mode on condition of UE location has worse error than GNSS specified. 

2	Simulation results:
Based on simulation assumption provided by moderator, the draft simulation results are shown in below tables
	Case
	Satellite orbit

	1
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-115.7
	-117
	-118.4

	Item2
	1.8
	3.14
	4.48

	Item3
	0.91
	5.03
	12.89




	Item4
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	2
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-119.4
	-117.3
	-115.1

	Item2
	0.75
	2.91
	5.11

	Item3
	0.85
	5
	12.98




	Item4
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	3
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-115.5
	-117.5
	-119.5

	Item2
	0.7
	2.7
	4.71

	Item3
	0.86
	5.02
	13.35




	Item4
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	4
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-119.4
	-117.7
	-116

	Item2
	0.72
	2.433
	4.13

	Item3
	0.75
	4.31
	12.1
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	5
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-120.8
	-118.4
	-115.9

	Item2
	-0.62
	1.75
	4.22

	Item3
	0.6
	3.26
	6.58
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	6
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-118.4
	-117
	-115.7

	Item2
	1.81
	3.14
	4.48

	Item3
	0.91
	5.03
	12.89
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	7
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-119.4
	-117.3
	-115.1

	Item2
	1.8
	3.14
	4.48

	Item3
	0.85
	5
	13




	Item4
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	8
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-119.5
	-117.5
	-115.5

	Item2
	0.7
	2.7
	4.7

	Item3
	0.86
	5.02
	13.35




	Item4
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	9
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-119.4
	-117.7
	-116

	Item2
	0.72
	2.43
	4.13

	Item3
	0.75
	4.31
	12.1




	Item4
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	10
	GEO

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-120.8
	-118.4
	-115.9

	Item2
	-0.62
	1.75
	4.22

	Item3
	0.6
	3.26
	6.58




	Item4
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	11
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-107.8
	-106.5
	-105.2

	Item2
	12.35
	13.66
	14.96

	Item3
	0.922
	4.98
	12.95




	Item4
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	12
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-110.1
	-107.8
	-105.5

	Item2
	10.06
	12.35
	14.62

	Item3
	0.89
	5.27
	14.15




	Item4
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	13
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-111.9
	-109.5
	-107.2

	Item2
	8.31
	10.66
	12.92

	Item3
	0.88
	5.33
	17.43




	Item4
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	14
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-115.1
	-112.5
	-110.3

	Item2
	5.03
	7.63
	9.84

	Item3
	0.865
	4.69
	10.74




	Item4
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	15
	LEO-600

	Item1
	NA  because 10 degree elevation angle results into antenna pattern distortion

	Item2
	NA  because 10 degree elevation angle results into antenna pattern distortion

	Item3
	NA  because 10 degree elevation angle results into antenna pattern distortion

	Item4
	NA  because 10 degree elevation angle results into antenna pattern distortion

	16
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-107.8
	-106.5
	-105.2

	Item2
	12.35
	13.66
	14.96

	Item3
	0.92
	4.98
	12.96
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	17
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-110.1
	-107.8
	-105.5

	Item2
	10.06
	12.35
	14.62

	Item3
	0.89
	5.27
	14.14




	Item4
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	18
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-111.9
	-109.5
	-107.2

	Item2
	8.31
	10.66
	12.92

	Item3
	0.88
	5.33
	17.43




	Item4
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	19
	LEO-600

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-115.1
	-112.5
	-110.3

	Item2
	5.03
	7.63
	9.84

	Item3
	0.87
	4.69
	10.74




	Item4
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	20
	LEO-600

	Item1
	NA  because 10 degree elevation angle results into antenna pattern distortion

	Item2
	NA  because 10 degree elevation angle results into antenna pattern distortion

	Item3
	NA  because 10 degree elevation angle results into antenna pattern distortion

	Item4
	NA  because 10 degree elevation angle results into antenna pattern distortion



	21
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-107.9
	-106.5
	-105.2

	Item2
	12.26
	13.64
	14.94

	Item3
	0.92
	5
	12.8




	Item4
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	22
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-109.9
	-107.7
	-105.4

	Item2
	10.22
	12.44
	14.74

	Item3
	0.86
	511
	13.85




	Item4
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	23
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-111.5
	-109.2
	-107

	Item2
	8.7
	11
	13.15

	Item3
	0.85
	5.16
	17




	Item4
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	24
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-113.9
	-111.6
	-109.5

	Item2
	6.23
	8.52
	10.63

	Item3
	0.84
	4.56
	11




	Item4
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	25
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-118.4
	-115.3
	-112.5

	Item2
	1.72
	4.88
	7.63

	Item3
	3.13
	8.6
	15.9




	Item4
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	26
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-107.9
	-106.5
	-105.2

	Item2
	12.26
	13.64
	14.94

	Item3
	0.92
	5
	12.8




	Item4
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	27
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-109.9
	-107.7
	-105.4

	Item2
	10.22
	12.44
	14.74

	Item3
	0.86
	5.11
	13.85




	Item4
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	28
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-111.5
	-109.2
	-107

	Item2
	8.7
	11
	13.15

	Item3
	0.85
	5.15
	17




	Item4
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	29
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-113.9
	-111.6
	-109.6

	Item2
	6.23
	8.53
	10.6

	Item3
	0.84
	4.55
	10.98




	Item4
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	30
	LEO-1200

	
		 
	10 perc
	50 perc
	90 perc

	Item1 dBm/30KHz
	-118.4
	-115.3
	-112.5

	Item2
	1.72
	4.88
	7.63

	Item3
	3.13
	8.6
	15.85




	Item4
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3	Summary

Observation 1: For case 1 through case 30, Item 1-4 are simulated. Some cases are invalid because simulation may face antenna distortion for LEO600 when elevation angle is 10degree. For more information, see Section 2. 
Observation 2: Concerns on the earth-moving instance of LEO experiencing frequent switching among satellites with legacy side conditions can be alleviated by designing a shorter DRX cycle in this instance while maintaining the same side conditions as the other cases, i.e. GEO and Earth-fixed LEO.
Observation 3: If UE location cannot be maintained in acceptable scope in case of long time non-GNSS operation, longer measurement time is expected.
Proposal 1: To complete uncovered items listed in below, not limited in the list, multi-satellite simulation is needed.
· the total number of measurement cells per frequency layer
· the total number of measurement beams (SSB and/or CSI-RS) per cell
· DRX issue
Proposal 2: For idle mode mobility, based on configuration NTN UE can prioritize TN over NTN. Configuration details FFS, we can wait RAN2 procedure next step. For connected mode mobility, existing principle can cover TN-NTN mobility and RRM is not impacted extraly.
Proposal 3: For idle mode, the UE upon detecting any NTN cell, shall meet legacy (non-relaxed) measurement requirements (low mobility relaxation can refer to section 4.2.2.9 in TS38.133) for TN cells even if it is configured with and meets the relaxed measurement criterion for TN cells.
Proposal 4: We lean towards Option1: Keep the same side conditions as legacy at least as start point. It can be examined in performance part phase. 
Proposal 5: RAN4 shall specify RRM requirements in case of no parameters (K_offset, N_TA,common, ephemeris information) from the serving cell also, which shall not be precluded. 
Proposal 6: Measurement requirements and measurement procedures/configurations shall be stated differently in case of available neighbor/target cell Information provided by serving cell and unavailable stuffs. 
Proposal 7: UE shall have flexibility of realization and implementation to maintain procedure if UE cannot acquire neighbor/target cell Information (e.g. ephemeris). Alternatively, specification here is to avoid unlimited measurement time from UE side in case of lacking neighbor/target cell Information.
Proposal 8: We agree with the statement, and we propose that a comprehensive examination of the validity of DRX cycle duration in various circumstances be included in the system level simulation results.
Proposal 9: Generally, the satellite position prediction error shall introduce longer measurement time if inaccuracy rather than certain threshold in certain time interval. 
Proposal 10: If required ephemeris accuracy needs to be studied detailly, the most direct and thorough way is system level study with study items: location, time/timer, measurement and SMTC/MGL configurations or we can reserve extra [x] measurement samples for UE’s margin as start point. 
Proposal 11: Two options relevant to UE acquire ephemeris update are possible and shall be studied:
Option1: UE is assumed to acquire ephemeris update in time always
Option2: UE cannot acquire ephemeris update in time in a short term
Option3: UE cannot acquire ephemeris update in time in a long term
Proposal 12: We’re leaning towards that UE shall have flexibility of realization and implementation to maintain procedure if UE cannot acquire ephemeris update, with reasonable longer measurement time specified. 
Proposal 13: RAN4 shall study requirements in idle mode on condition of UE location has worse error than GNSS specified. 
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