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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
· NTN multiple SMTC
· RRM Spec Documentation
2. DRX for NTN 
In last RAN4 meeting, followings were agreed.
	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.


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. Multiple SMTCs for NTN 
In last meeting, an LS [2] has sent by RAN2 to RAN4, duplicated as below,
	During RAN2#115_e meeting, RAN2 discussed the SMTC and measurement gap configuration in NTN and agreed that the UE can be configured to use multiple SMTCs per ssbFrequency in parallel and the maximum number of SMTCs configured per measurement object for the same ssbFrequency is equal to 4. The multiple SMTCs in the same measurement object and for the same ssbFrequency differ at least in offset.
RAN4 is asked to confirm that the maximum number of SMTCs configured per measurement object for the same ssbFrequency can be equal to 4. RAN4 is asked to provide feedback if any other value is suitable.


In last RAN4 meeting, we also had some agreements as:
	Issue 3-1-1 Multiple SMTCs
No agreement due to lack of RAN2 progress.

Issue 3-1-2 Measurement Gap
No agreement due to lack of RAN2 progress.

Issue 3-1-3 UE capability regarding the number measurement cell groups
Agreement:
· RAN4 to further discuss UE capability regarding the number of measurement cell groups with different SMTCs and/or reception timings


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
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.
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Figure 2. examples for scheduling restriction by using multiple SMTC for intra-frequency MO without MG
Proposal 2: 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 equal to 4
· 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:
· 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
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
However, the concurrent MG capability is not fully decided yet in MG enhancement WI. And furthermore, 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 3: 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:
· 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. 
Legacy smtc1 and smtc2 configuration
Another aspect to consider is the smtc1 and smtc2 configuration for intra-frequency in legacy TN system. In last RAN2 meeting, it was agreed that “The multiple SMTCs in the same measurement object and for the same ssbFrequency differ at least in offset.” That means the multiple SMTCs configured for one NTN MOs could have different offsets, however, smtc2 must have same offset with smtc1 but could have smaller periodicity than smtc1. So far, the offset of smtc2 would be directly derived based on smtc1, as defined in the following signalings.
[image: ]
In our understanding, multiple SMTC for NTN MO shall at least have different offsets, but smtc2 must have same offset as smtc1, so that means the legacy smtc2 concept is contradicted with the concept of multiple SMTCs for NTN MO. For simplicity, we propose, 
Proposal 4: RAN4 to not consider legacy smtc2 configuration when multiple SMTCs with different offsets configured for NTN MO.
The reply LS could be drafted as below,
	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 equal to 4
· 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:
· smaller than or equal to 4, and
· guarantee the total scheduling restriction length less than or equal to 25% of the maximum SMTC periodicity length. 
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:
· smaller than or equal to 4, and
· guarantee these SMTCs can be contained in active measurement gaps.
In addition, RAN4 would not consider legacy smtc2 configuration when multiple SMTCs with different offsets configured for NTN MO.


4. RRM Spec Documentation 
This issue has been discussed in last RAN4 meeting and last RAN plenary meeting.
	Issue 1-3 RRM Spec Documentation
Agreement:
· RAN4 to determine how to document NTN RRM UE requirements when the requirements are further developed
· Option 1 (Ericsson): Create a new RRM Technical Specification document for NTN only
· Option 2: Create separate sections for NTN only
· Option 3: FFS


As we commented in RANP #93 meeting, UE types of ‘PC1/2/3/4/5’ are all included in existing RRM TS38.133, e.g., we have dedicated section for V2X in TS38.133. We propose to use a consistent way to handle the requirement placement for new UE types.
Proposal 5: RAN4 to incorporate NTN specific RRM requirements in separate section(s) of existing RAN4 TS38.133.
5. Conclusion
In this contribution, we further discuss the measurement procedure requirements for NTN, including following topics:
· NTN DRX
· NTN multiple SMTC
· RRM Spec Documentation
Proposal 1: for the scenario of earth moving cell with LEO, 2.56s DRX cycle is not used.
Proposal 2: 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 equal to 4
· 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:
· 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
Proposal 3: 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:
· 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. 
Proposal 4: RAN4 to not consider legacy smtc2 configuration when multiple SMTCs with different offsets configured for NTN MO.
The reply LS could be drafted as below,
	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 equal to 4
· 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:
· smaller than or equal to 4, and
· guarantee the total scheduling restriction length less than or equal to 25% of the maximum SMTC periodicity length. 
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:
· smaller than or equal to 4, and
· guarantee these SMTCs can be contained in active measurement gaps.
In addition, RAN4 would not consider legacy smtc2 configuration when multiple SMTCs with different offsets configured for NTN MO.


Proposal 5: RAN4 to incorporate NTN specific RRM requirements in separate section(s) of existing RAN4 TS38.133.
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MeasObjectNR field descriptions 
absThreshCSI-RS-Consolidation 
Absolute threshold for the consolidation of measurement results per CSI-RS resource(s) from L1 filter(s). The field is used for the derivation of cell measurement results as 
described in 5.5.3.3 and the reporting of beam measurement information per CSI-RS resource as described in 5.5.5.2. 
absThreshSS-BlocksConsolidation 
Absolute threshold for the consolidation of measurement results per SS/PBCH block(s) from L1 filter(s). The field is used for the derivation of cell measurement results as 
described in 5.5.3.3 and the reporting of beam measurement information per SS/PBCH block index as described in 5.5.5.2. 
blackCellsToAddModList 
List of cells to add/modify in the black list of cells. It applies only to SSB resources. 
blackCellsToRemoveList 
List of cells to remove from the black list of cells. 
cellsToAddModList 
List of cells to add/modify in the cell list. 
cellsToRemoveList 
List of cells to remove from the cell list.  
freqBandIndicatorNR 
The frequency band in which the SSB and/or CSI-RS indicated in this MeasObjectNR are located and according to which the UE shall perform the RRM measurements. This 
field is always provided when the network configures measurements with this MeasObjectNR. 
measCycleSCell 
The parameter is used only when an SCell is configured on the frequency indicated by the measObjectNR and is in deactivated state, see TS 38.133 [14]. gNB configures the 
parameter whenever an SCell is configured on the frequency indicated by the measObjectNR, but the field may also be signalled when an SCell is not configured. Value sf160 
corresponds to 160 sub-frames, value sf256 corresponds to 256 sub-frames and so on. 
nrofCSInrofCSI-RS-ResourcesToAverage 
Indicates the maximum number of measurement results per beam based on CSI-RS resources to be averaged. The same value applies for each detected cell associated with 
this MeasObjectNR. 
nrofSS-BlocksToAverage 
Indicates the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged. The same value applies for each detected cell associated with 
this MeasObject. 
offsetMO 
Offset values applicable to all measured cells with reference signal(s) indicated in this MeasObjectNR. 
quantityConfigIndex 
Indicates the n-th element of quantityConfigNR-List provided in MeasConfig. 
referenceSignalConfig 
RS configuration for SS/PBCH block and CSI-RS. 
refFreqCSI-RS 
Point A which is used for mapping of CSI-RS to physical resources according to TS 38.211 [16] clause 7.4.1.5.3. 
smtc1 
Primary measurement timing configuration. (see clause 5.5.2.10). 
smtc2 
Secondary measurement timing configuration for SS corresponding to this MeasObjectNR with PCI listed in pci-List. For these SS, the periodicity is indicated by periodicity in 
smtc2 and the timing offset is equal to the offset indicated in periodicityAndOffset modulo periodicity. periodicity in smtc2 can only be set to a value strictly shorter than the 
periodicity indicated by periodicityAndOffset in smtc1 (e.g. if periodicityAndOffset indicates sf10, periodicity can only be set of sf5, if periodicityAndOffset indicates sf5, smtc2 
cannot be configured). 
smtc3list 
Measurement timing configuration list for SS corresponding to IAB-MT. This is used for the IAB-node's discovery of other IAB-nodes and the IAB-Donor-DUs. 
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For these SS, the periodicity is indicated by periodicity in smtc2 and the timing offset is equal to the offset indicated in periodicityAndOffset modulo periodicity.
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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.











