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1. Introduction
In last RAN4 meeting, the measurement procedure requirement for NR NTN has been discussed and the agreements were captured in the WF[1].
In this contribution, we further discuss the measurement procedure requirements for NTN, including following topics:
· NTN DRX
· Measurement based on Cell Service Time
· NTN multiple SMTC
2. DRX for NTN 
In last RAN4 meeting, followings were agreed.
	Issue 1-4-1: Applicability of Legacy DRX Cycles for GEO
Agreements:
All Rel-16 DRX cycle lengths are applicable for GEO

Issue 1-4-2: Applicability of Legacy DRX Cycles for NGSO, e.g. LEO
Agreements:
· For quasi-earth fixed LEO, all Rel-16 DRX cycle lengths are applicable
· For earth moving fixed LEO,
· Option 1:
· All Rel-16 DRX cycle lengths should be applicable
· Option 2:
· 2.56s DRX cycle is not used for earth-moving LEO deployment
· Option 3:
· FFS


In TR38.821, it listed the key parameters in the different scenario with different satellite, 
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For LEO satellite, the footprint for beam/cell could be 50km~1000km and the LEO moving speed is 7.56km/s. And in IDLE/inactive mode, the neighbor cell detection/measurement could use up to 2.56s DRX as below.
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The longest detection time is allowed up to 23*DRX_cycle=23*2.56s=58.88s. For instance, as shown in the following figure, in the worst case with earth moving cells, considering the largest elevation angle and minimum footprint diameter, the moving distance in 58.88s could be up to 445km, and it crossed ~9 footprint areas on the ground. Even though the single LEO could cover multiple footprints by using different beams, it’s still a little bit risky to guarantee reselection performance by using such long detection requirement (with long DRX). 
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Figure 1. LEO scenario with min elevation angle and min footprint size
Proposal 1: for the scenario of earth moving cell with LEO, 2.56s DRX cycle is not used.
3. Measurement based on Cell Service Time
In last RAN4 meeting, followings were agreed.
	Issue 1-5: Cell Service Time
Issue 1-5-1: Measurement based on Cell Service Time
Agreements:
· Option 1: (Ericsson, Nokia)
· “broadcasted cell stop-time”-“UE measurement start-time” in ‘timing information’ shall be equal to Tdetect,NR_Intra/ Tdetect,NR_Inter at least or longer
· Clarification and further explanations:
· Update of requirement for reselection is shown as below exemplarily: ‘The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS38.304 [1] within Tdetect,NR_Intra when that Treselection= 0 before cell is going to stop serving the area, if applicable .’  
· And, “broadcasted cell stop-time”-“UE measurement start-time”
· Option 2: (Xiaomi)
· If UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area, the requirements of measurement and evaluation of serving cell is not applied.
· If UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area, the requirements of evaluation of neighbour cell(s) is not applied.
· Option 3: (LGE, CATT, Nokia)
· If cell stop time is broadcast from serving cell, a UE should start measurement on neighbor cells before defined IDLE measurement time (Tdetect, Tmeasure, and Tevaluate) from cell stop time.
· Option 4: (CATT, Huawei)
· RAN4 should discuss how specifying requirements for UE start measurement based on broadcast of quasi earth fixed cell stop time, and to perform relative HO.
· RAN4 to discuss how to define the idle mode measurement requirements considering RAN2 agreement that exact time to start measurements can be up to UE implementation in certain cases.
· Option 5: (Qualcomm, Apple, Huawei, Xiaomi, THALES, CATT, CMCC, MTK)
· FFS on whether and how to define requirements


Regarding issue 1-5-1, it was discussed also in RAN2, and the conclusions from RAN2 is:
	RAN2 # 116e
· When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available
· For quasi-earth fixed cell, same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.
· For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area, regardless of (the distance between UE and serving cell reference location) or (if legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
· Distance based cell reselection criteria for quasi-earth fixed cell is supported
· For quasi-earth fixed cell, the cell stop time of neighbour cell(s) is NOT broadcast
RAN2 #115e
Agreements via email - from offline 108:
1.	Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2.	For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information
Agreements via email - from offline 108 third round:
1.	For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
2.	For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.
3.	For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.


Based on RAN2 agreement, we think UE is required to start measurement on neighbour cells before the broadcasted stop time of the serving cell, and the exact time to start measurement is up to UE implementation. After starting the neighbour cell measurement, UE shall meet the IDLE mode neighbour cell evaluation requirement. On the other hand, if the time span between ‘first SIB carrying serving cell stop time’ and ‘the time when serving cell stop service’ is short, UE is not able to complete the neighbor cell evaluation before serving cell stopping service.
Proposal 2: For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area and in this case UE shall still meet the legacy NTN IDLE mode neighbour cell detection/measurement/evaluation requirement, but exact time to start measurements is up to UE implementation. 
Regarding the serving cell measurement, if the time span between ‘first SIB carrying serving cell stop time’ and ‘the time when serving cell stop service’ is less than serving cell measurement period, UE may fail to collect sufficient samples for serving cell measurement. Except this extreme case, we didn’t see the issue for UE to perform serving cell measurement before serving cell stopping the service.
Proposal 3: if the time span between ‘first SIB carrying serving cell stop time’ and ‘the time when serving cell stop service’ is less than serving cell measurement period (Nserv *DRX), UE is not required to meet IDLE mode NTN serving cell measurement requirement. Otherwise, UE shall meet IDLE mode NTN serving cell measurement requirement.
4. Multiple SMTCs for NTN 
In last meeting, RAN2 achieved some more agreements on multiple SMTCs, duplicated as below,
	We don't introduce new mechanisms (e.g. based on MAC CE) to activate/deactivate SMTCs for NTN neighbour measurements. Which SMTCs the UE will consider is only based on RRC configuration (UE based solutions are not excluded by this)
1.	RAN2 will decide which option to choose for NTN assistance information for SMTC/MG once SA3 feedback on user consent is received. 
2.	If propagation delay based UE assistance information for NTN SMTC is agreed, it is defined in the form of propagation delay difference. 
3.	RAN2 assumes FL delay is known to and compensated by the network. RAN2 also assumes the UE needs to have neighbour cell ephemeris for the propagation delay estimation.
4.	In NW-based SMTC solution the UE is not allowed to apply shifts to configured SMTCs. 
5.	Measurement gap related aspects for Rel-17 NTN will be addressed in Rel-17 NTN WI. Coordination and avoiding overlap with other WIs and WGs is recommended.
6.	RAN2 will reuse at least the SMTC agreements made for UE assistance information reporting also in the area of measurement gaps for NTN
1.	UE assistance information for NTN SMTC adjustments is event-triggered. Details of the triggering event are FFS (pending the decision on supported assistance information type).
2.	RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN. At least gap length and UE capabilities impact the number of required measurement gaps.
3.	UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.
1.	In NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. FFS whether this (UE support for 2 SMTCs) requires a UE capability. A UE can optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel)


In last RAN4 meeting, we also had some agreements as:
	[bookmark: _Hlk87216410]Issue 3-1-1: The maximum number of SMTCs per Frequency layer
Agreement (1st round GTW):
· The maximum number of SMTCs configured per measurement object for the same ssbFrequency is 4. 
· FFS on the assumptions on the number of configured parallel SMTCs to be used for requirements definition
· FFS if different UE capabilities to support measurements for multiple configured SMTCs are needed
Agreements:
RAN4 to send a reply LS to RAN2 “R4-2120308, Reply LS on Multiple SMTCs for NR NTN” as a part of outcome of Issue 3-1.

Issue 3-1-2: Capability on the number of Measurement Cell Groups
Conclusion:
Revisit the issue in the next RAN4 meeting based on RAN2#116 agreements and/or a partial/full response to R4-2120308 “Reply LS on Multiple SMTCs for NR NTN” if made available by/during the next RAN4 meeting.

Issue 3-1-4: Measurement with multiple SMTCs
Agreements:
The following issues will be discussed in the next RAN4 meeting
· Issue 1:
· Determine in which way RAN4 should specify the requirements:
· Option 1: the UE is required to measure on the target neighbour cell with configured timing offsets and receive/transmit on the serving cell at the same time
· Option 2: specify scheduling restrictions to avoid such complexity
· Option 3: measurement gaps are used on the target neighbour cells
· Issue 2:
· FFS on scaling of the measurement period is needed if UE is configured to measure multiple SMTC windows per MO.
· Issue 3:
· Scaling scheme on multi-SMTC for intra-frequency is needed when simultaneous measurement is invalid in case of partial overlapping. But simultaneous measurement in case of partial overlapping shall not be precluded, instead of optional support.
· Issue 4:
· Whether and how to define the applicability rule for requirements regarding the number for MOs
· Issue 5:
· Measurement with Gap-less vs. Gap-based
· Issue 6:
· for intra-frequency MO without MG and inter-frequency MO without MG
· if UE has no scheduling restriction within SMTC, the maximum number of SMTCs per measurement object for the same ssbFrequency  used by UE can be equal to 4
· otherwise if UE has scheduling restriction within SMTC, the maximum number of SMTCs per measurement object for the same ssbFrequency used by UE shall meet both of following conditions:
· smaller than or equal to 4, and
· guarantee the total scheduling restriction length less than or equal to X% of the maximum SMTC periodicity length. 
· X is FFS
· for intra-frequency MO with MG and inter-frequency MO with MG, the maximum number of SMTCs per measurement object for the same ssbFrequency used by UE shall meet both of following conditions:
· smaller than or equal to 4, and
· guarantee these SMTCs can be contained in active measurement gaps. The concurrent MG number is up to the conclusions in MG enhancement WI.


The number of SMTC can be supported/used by UE may depends on different MO types, i.e., intra-frequency MO with or without MG, and inter-frequency MO with or without MG.
Intra-frequency MO without MG and inter-frequency MO without MG
In RAN2 discussion, for NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. And UE can also optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel). We still need to consider the actual configuration based on different conditions. 
If the SMTCs configured per measurement object for specific ssbFrequency are for intra-frequency measurement without MG for NTN measurement, RAN4 needs to consider the impact of using multiple SMTCs, e.g., scheduling restriction in SMTCs. In typical SMTC configuration of 20ms, the worst scheduling restriction (due to mixed numerology in FR1) is UE cannot receive or transmit within the whole SMTC window of 5ms, and therefore the total loss due to scheduling restriction is 5/20=25%. Since it’s unclear if those multiple SMTCs could be parietally overlapped with each other or not, we think RAN4 needs to consider the influence of scheduling restriction to determine the number of SMTCs for use in parallel. The following figures are examples of scheduling restriction when multiple SMTCs are used in parallel.
If UE doesn’t have scheduling restriction for intra-frequency MO without MG, it’s fine for UE to use 4 SMTCs for NTN MO based on network configuration if UE indicates the capability of supporting 4 SMTCs for MO.
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Figure 2. examples for scheduling restriction by using multiple SMTC for intra-frequency MO without MG
Proposal 4: for intra-frequency MO without MG and inter-frequency MO without MG,
· if UE has no scheduling restriction within SMTC, the maximum number of SMTCs configured per measurement object for the same ssbFrequency can be up to the SMTC number indicated in UE capability 
· otherwise if UE has scheduling restriction within SMTC, the maximum number of SMTCs configured per measurement object for the same ssbFrequency shall meet both of following conditions, i.e., no RAN4 requirement applies when SMTC configuration cannot meet any of following condition:
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee the total scheduling restriction length less than or equal to X% of the maximum SMTC periodicity length. 
· X is FFS
Intra-frequency MO with MG and inter-frequency MO with MG
When the MG is configured, this MO with MG is expected to be measured within MG. The SMTC configuration shall be aligned with MG configuration. In RAN2 #113bis-e, it was agreed that,
· The configuration of one or multiple offsets is left up to the network implementation.
· It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.
· Measurement gaps enhancements should be supported. FFS on the details

And in last RAN2 meeting, it was agreed that,
· Measurement gap related aspects for Rel-17 NTN will be addressed in Rel-17 NTN WI. Coordination and avoiding overlap with other WIs and WGs is recommended.
There might be two possibilities, (1)each MG contains one SMTC; (2)one MG contains more than one SMTCs, as shown in the following figures. So that means concurrent MG number cannot be directly be used as the upper bound for multiple NTN SMTC number. The multiple NTN SMTC number shall be determined by how many these SMTCs could be contained in the concurrent MGs based on UE capability in MG enhancement WI.
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Figure 3. examples for the relation between MG and SMTC for NTN MO
Proposal 5: for intra-frequency MO with MG and inter-frequency MO with MG, the maximum number of SMTCs configured per measurement object for the same ssbFrequency shall meet both of following conditions, i.e., no RAN4 requirement applies when SMTC configuration cannot meet any of following condition:
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee these SMTCs can be contained in active measurement gaps. 
5. Conclusion
In this contribution, we further discuss the measurement procedure requirements for NTN, including following topics:
· NTN DRX
· Measurement based on Cell Service Time
· NTN multiple SMTC
Proposal 1: for the scenario of earth moving cell with LEO, 2.56s DRX cycle is not used.
Proposal 2: For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area and in this case UE shall still meet the legacy NTN IDLE mode neighbour cell detection/measurement/evaluation requirement, but exact time to start measurements is up to UE implementation. 
Proposal 3: if the time span between ‘first SIB carrying serving cell stop time’ and ‘the time when serving cell stop service’ is less than serving cell measurement period (Nserv *DRX), UE is not required to meet IDLE mode NTN serving cell measurement requirement. Otherwise, UE shall meet IDLE mode NTN serving cell measurement requirement.
Proposal 4: for intra-frequency MO without MG and inter-frequency MO without MG,
· if UE has no scheduling restriction within SMTC, the maximum number of SMTCs configured per measurement object for the same ssbFrequency can be up to the SMTC number indicated in UE capability 
· otherwise if UE has scheduling restriction within SMTC, the maximum number of SMTCs configured per measurement object for the same ssbFrequency shall meet both of following conditions, i.e., no RAN4 requirement applies when SMTC configuration cannot meet any of following condition:
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee the total scheduling restriction length less than or equal to X% of the maximum SMTC periodicity length. 
· X is FFS
Proposal 5: for intra-frequency MO with MG and inter-frequency MO with MG, the maximum number of SMTCs configured per measurement object for the same ssbFrequency shall meet both of following conditions, i.e., no RAN4 requirement applies when SMTC configuration cannot meet any of following condition:
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee these SMTCs can be contained in active measurement gaps. 
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7 Radio protocol issues and related solutions 



7.1 Requirements and key issues 



7.1.1 Delay 
In order to reduce the standardization work, the table here below identifies the worst case NTN scenarios to be 
considered for the delay constraint. 



Table 7.1-1: NTN scenarios versus delay constraints, Source [2] 



NTN scenarios A B C1 C2 D1 D2 
 GEO transparent 



payload 
GEO regenerative 



payload 
LEO transparent 



payload 
LEO regenerative payload 



Satellite altitude 35786 km 600 km 
Relative speed of 



Satellite with respect to 
earth 



negligible 7.56 km per second 



Min elevation for both 
feeder and service links 10° for service link and 10° for feeder link 



Typical Min / Max NTN 
beam foot print diameter 



(note 1)  
100 km / 3500 km 50 km / 1000 km 



Maximum propagation 
delay contribution to the 
Round Trip Delay on the 
radio interface between 



the gNB and the UE 



541.46 ms (Worst 
case) 270.73 ms 25.77 ms 12.89 ms 



Minimum propagation 
delay contribution to the 
Round Trip Delay on the 
radio interface between 



the gNB and the UE 



477.48 ms 238.74 ms 8 ms 4 ms 



Maximum Delay 
variation as seen by the 



UE 
(note 2) 



Negligible Up to +/- 40 µs/sec 
(Worst case) Up to +/- 20 µs/sec 



NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design, 
and radio resource management strategy in a given system. 



NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) 
varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible 
for GEO scenario 



NOTE 3: Void 
NOTE 4: Speed of light used for delay calculation is 299792458 m/s. 
 



When several non-terrestrial network scenarios feature a maximum in terms of delay constraints, it is sufficient to study 
only one of these scenarios. 



● NTN Scenario based on GEO with transparent payload for RTD and delay difference constraints 



● NTN Scenario based on LEO with transparent payload and moving beams for the delay variation related 
constraint 



As per the duplex mode: 



● Down-prioritize TDD in this study item 



● There is no TDD-specific timing requirements and solutions on layer 2 due to propagation delay. 
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Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra



DRX cycle
length [s]



Scaling Factor (N1) Tdetect,NR_Intra [s]
(number of DRX



cycles)



Tmeasure,NR_Intra [s]
(number of DRX



cycles)



Tevaluate,NR_Intra
[s] (number of DRX



cycles)
FR1 FR2Note1



0.32 1 8 11.52 x N1 x M2 (36 x
N1 x M2)



1.28 x N1 x M2 (4 x N1
x M2)



5.12 x N1 x M2 (16 x N1
x M2)



0.64 5 17.92 x N1 (28 x N1) 1.28 x N1 (2 x N1) 5.12 x N1 (8 x N1)
1.28 4 32 x N1 (25 x N1) 1.28 x N1 (1 x N1) 6.4 x N1 (5 x N1)
2.56 3 58.88 x N1 (23 x N1) 2.56 x N1 (1 x N1) 7.68 x N1 (3 x N1)



Note 1: Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle
length.



Note 2: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If different SMTC
periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell
being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency
carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the
intra-frequency carrier, longer Tdetect, NR_intra is expected.



Table 4.2.2.3-2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE configured with
highSpeedMeasFlag-r16 (Frequency range FR1)



DRX cycle
length [s]



Tdetect,NR_Intra [s]
(number of DRX



cycles)



Tmeasure,NR_Intra [s]
(number of DRX



cycles)



Tevaluate,NR_Intra
[s] (number of DRX



cycles)
0.32 2.56 x M2 (8 x M2) 0.32 x M3 (1 x M3) 0.96 x M4 (3 x M4)
0.64 5.12 (8) 0.64 (1) 1.92 (3)
1.28 8.96 (7) 1.28 (1) 3.84 (3)
2.56 58.88 (23) 2.56 (1) 7.68 (3)



Note 1: when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5,
M3 = M4 = 2



Note 2: When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE
supporting either measurementEnhancement-r16 or [intraRAT-
MeasurementEnhancement-r16].



4.2.2.4 Measurements of inter-frequency NR cells



The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of
identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit
neighbour list with physical layer cell identities is provided.



If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority
at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2.7.



If Srxlev≤ SnonIntraSearchP or Squal≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers of
higher, equal or lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the
UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.



The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined
in TS38.304 [1] within Kcarrier * Tdetect,NR_Inter if at least carrier frequency information is provided for inter-frequency
neighbour cells by the serving cells when Treselection = 0 provided that the reselection criteria is met by a margin of at
least 5 dB in FR1 or 6.5dB in FR2 for reselections based on ranking or 6dB in FR1 or 7.5dB in FR2 for SS-RSRP
reselections based on absolute priorities or 4dB in FR1 and 4dB in FR2 for SS-RSRQ reselections based on absolute
priorities.



The parameter Kcarrier is the number of NR inter-frequency carriers indicated by the serving cell. The parameter Kcarrier



for a UE configured with idle mode CA measurements (while T331 is running), is the combined number of NR inter-
frequency carriers indicated by the serving cell and the number of NR inter-frequency carriers configured for idle mode
CA measurements.











