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1. Introduction
The Rel-18 RAN4 WID was approved in [1] to define requirements for Rel-17 IoT NTN [2]. In Rel-17 IoT NTN, RAN1/2/3 specifications were defined to enable NB-IoT and eMTC operating over NTN. The core requirements have been completed with some left issues to be discussed in maintenance stage [3]. In this contribution, we further provide our views on the remaining issues.
2. Discussion
2.1 measurement relaxation for NGSO
For measurement relaxation for both serving cell and neighbor cell, the status is summarized as follows:
	Issue 1-1: NGSO, serving cell measurement 
Further discussion on the following propels and its side conditions.
· Proposal 1: In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN (eMTC and NB-IoT): 
· The time span to T-service is longer than k, where k = 4 DRX cycle if not configured with eDRX_IDLE cycle, and k = 1 eDRX cycle if configured with eDRX_IDLE cycle. 
· [bookmark: _Toc135061228]Proposal 2: When t-service is configured, the UE might perform cell selection procedure instead of cell reselection procedure, when the time span to T-service is smaller than k, where k = 2 DRX cycle if not configured with eDRX_IDLE cycle, and k = 1 eDRX cycle if configured with eDRX_IDLE cycle. 


Issue 1-3: NGSO, measurements upon Ttrigger
[bookmark: _Toc142670496]Further discuss whether to capture it in the specification: 
· Proposal 1: After Ttrigger, a UE in relaxation mode is allowed to skip serving cell measurements.
· [bookmark: _Toc142670497]Proposal 2: After Ttrigger, a UE in relaxation mode is allowed to skip measurements of neighbor cells associated to the same serving satellite. 




The problem has been discussed for many RAN4 meetings. The problem of current conditions for cell measurement relaxation for serving cell and neighbor cell will lead to very poor performance as UE may start neighbor cell measurement and evaluate serving cell for cell reselection long after t-Service. We illustrate the case in following Fig. 1.
[image: ]
Fig. 1 Serving cell and neighbor cell measurement relaxation for IoT NTN.
Due to the nature of NTN, the change of RSRP of NGSO may not be significant. It will lead to the result that: UE may easily enter relaxation mode, but it is hard to exit relaxation mode even the cell is going to stop serving the UE. As shown in the upper part of the figure, UE will most likely enter relaxation at point A (N*DRX for serving and no measurement for neighbour cell). Based on the reason explained above, even approaching or after t-servie, UE is still in relaxation mode. UE may realize that relaxed monitoring criteria is not met at point C. Only from this point, UE starts measure serving cell in normal manner and start neighbour cell measurement.  It could be observed that it will introduce unnecessary delay for cell re-selection.
For serving cell measurement, our original think that since the cell reselection is performed based on both serving cell condition and neighbour cell conditions, it makes no sense to only allow one of the procedures to be relaxed. For instance, if neighbour cell is measured in normal manner without relaxation, if UE is measuring serving cell in relaxed mode, it will still cause delay for cell reselection and it will not have any power saving gain since UE is already performing measurement every DRX. 
However, based on the discussion in previous meeting, companies raised a valuable point that the measurement opportunities for serving cell measurement and neighbour cell measurement shall be shared by different NGSO satellites. If UE performs neighbour cell more frequently, UE may take longer time to measure neighbour cell.
Observation 1: Measurement opportunities for serving cell measurement and neighbour cell measurement shall be shared by different NGSO satellites.
Thus, we provide our analysis on this issue for Rel-17 IoT NTN and Rel-18 IoT NTN UE since neighbour cell ephemeris information is not available for Rel-17 UE.
Rel-17 IoT NTN UE
For Rel-17 IoT NTN UE, since neighbour cell ephemeris information is not available, based on previous RAN4 discussion, following cases are valid.
	Case 1
	GEO serving + intra-frequency GEO neighbour 

	Case 2
	NGSO serving + NGSO neighbour cell 



For case 1, the requirements are same as TN and there is no need to add extra cell relaxation conditions. For case 2, since the neighbour cell ephemeris information is not available in Rel-17, there is no requirements for neighbour cell measurement and only serving cell measurement can apply. Thus, for Rel-17 IoT NTN, there is no need to allow relaxed serving cell measurement for more neighbour cell measurement opportunities.
Observation 2: For Rel-17 IoT NTN where neighbour cell ephemeris information is not available, UE shall exceed relaxed serving cell measurement before t-Service.
Rel-18 IoT NTN UE
For Rel-18 IoT NTN UE where neighbour cell ephemeris information is available. The sharing among serving cell measurement and neighbour cell measurement shall be considered. According to the agreement on number of satellites that UE is required to monitor across frequency layers, we consider following cases to identify whether there is impacts of serving cell relaxation on neighbour cell measurement delay.
	Case
	NGSO1
	NGSO2
	Impact of serving cell relaxation on neighbour cell delay 

	1
	Serving + intra neighbour 
	intra neighbour 
	NO, neighbour cell from NGSO 1 is already measured every DRX.

	2
	Serving + intra neighbour 
	inter neighbour
	NO, neighbour cell from NGSO 1 is already measured every DRX.

	3
	Serving + inter neighbour 
	intra neighbour
	Intra delay could be shorter 

	4
	Serving + inter neighbour
	inter neighbour
	No impact 

	5
	Serving
	intra neighbour
	Intra delay could be shorter 

	6
	Serving
	inter neighbour
	No impact 



For case 1, both serving cell and intra-frequency neighbour cell are in the same satellites, and there are other intra-frequency neighbour cells in another satellites. Since UE is already measuring neighbour cells in NGSO1, no matter whether the serving cell measurement is relaxed or not, it has no impact on neighbour cell measurement delay.
For case 2, for intra-frequency neighbour cell measurement, no matter whether serving cell measurement is relaxed or not, it has no impacts on intra-frequency neighbour cell measurement. For inter-frequency measurement where neighbour cells are in NSGO2, since intra-frequency and inter-frequency are performed in parallel, thus there is not also no impacts.
For case 3 and 5, intra-frequency neighbour cells are in NGSO 2, if UE can spare some measurement opportunities of serving cell measurement to measure intra-frequency neighbour cell in NGSO 2, it is possible that the delay for neighbour cell measurement could be shorter. However, in RAN4 requirements, the overall delay is scaled by Ksatellite, which means not matter whether serving cell is measure every DRX or every N*DRX, the delay requirements to neighbour cell measurement is same.
For case 4 and case 6, for particular frequency layer, there is no sharing among different satellites, thus there is no impacts on neighbour cell measurement delay.
Observation 3: When the serving cell and all intra-frequency neighbour cells are in different satellites, UE may have more opportunities for intra-frequency measurement when serving cell measurement is relaxed. However, there is no difference from requirements perspective since the measurement delay are scaled by number of satellites. 
Regarding this issue, companies propose enhanced solutions that UE can skip serving cell and perform Cell selection instead of cell reselection. From our understanding, this seems dramatic change to current RAN2 procedure. Regarding T-service, there was similar discussion in both RAN2 and RAN4 that whether UE can directly trigger certain procedure based on T-service without performing measurement. Finally, it is concluded that t-serving is only used to triggering measurement.
Observation 4: t-Service is only used to triggering measurement, and the decision on whether to perform cell reselection is still based on measurement results.
Then, back to this issue, at maintenance stage, we are not in favour of making such great change on RAN2 procedure. 
Observation 5: It is not preferred to make great change on RAN2 procedure on Cell selection/reselection at maintenance stage.
Thus, based on analysis above we propose following proposal to add the condition when the neighbour cell measurement won’t be impacted. When UE starts to performing intra-frequency neighbour cell measurement in the same satellite, it makes no sense to allow UE with relaxed serving cell measurement since UE is already performing measurement every DRX on the satellite.
In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN:
· The time span to T-service is longer than k, where k = 4 DRX cycle if not configured with eDRX_IDLE cycle, and k = 1 eDRX cycle if configured with eDRX_IDLE cycle, when UE is already required to measure intra-frequency neighbour cell measurement in the same satellite. 
Proposal 1
In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN:
· The time span to T-service is longer than k, where k = 4 DRX cycle if not configured with eDRX_IDLE cycle, and k = 1 eDRX cycle if configured with eDRX_IDLE cycle, when UE already starts measuring intra-frequency neighbour cell measurement in the same satellite.
Regarding the performance requirements, based on the discussion in previous meeting, it was agreed to introduce a new PHR table for NB-IoT in GEO using legacy value in [].
	· Agreements
· Introduce a new PHR reporting table for NB-IoT in GEO and use legacy values in []
· Note: whether any revision of values is needed can be discussed in the maintenance stage



The issue has been discussed for many meetings. As explained in previous meetings, without further coverage enhancement, it won’t bring additional benefits for NW scheduling even we define finer granularity for negative PHR value. Back to the discussion in Rel-13 when the value of the PHR table was determined, - 23 dB was assumed as the minimum value when NW will schedule single tone NPUSCH with 128 repetition level. For smaller PHR value, there is no different from NW side since it already reaches the largest repetition level. After that, the lower bound is extended to – 54 dB since it was identified that the PHR could be lower considering 164 MCL. At that time, it was discussed whether to have a lower band (e.g. 54 dB) or – infinite in the table. It means lower value won’t bring much benefits for NW scheduling. On the contrary, if we use more values for negative values, we will have less values for higher PHR will actually bring useful information for NW. 
Observation 6: If finer granularity is used for negative PHR values, it means less value can be used for higher PHR will actually bring useful information for NW scheduling. 
Thus, based on analysis above. It is suggested to use the legacy values for the new table, and whether to update the value can be discussed in future release (e.g. with coverage enhancement).
Proposal 2: Use the legacy values for the new PHR table, and whether to update the value can be discussed in future release (e.g. with coverage enhancement).


3. Conclusions
Observation 1: Measurement opportunities for serving cell measurement and neighbour cell measurement shall be shared by different NGSO satellites.
Observation 2: For Rel-17 IoT NTN where neighbour cell ephemeris information is not available, UE shall exceed relaxed serving cell measurement before t-Service.
Observation 3: When the serving cell and all intra-frequency neighbour cells are in different satellites, UE may have more opportunities for intra-frequency measurement when serving cell measurement is relaxed. However, there is no difference from requirements perspective since the measurement delay are scaled by number of satellites. 
Observation 4: t-Service is only used to triggering measurement, and the decision on whether to perform cell reselection is still based on measurement results.
Observation 5: It is not preferred to make great change on RAN2 procedure on Cell selection/reselection at maintenance stage.
Proposal 1
In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN:
· The time span to T-service is longer than k, where k = 4 DRX cycle if not configured with eDRX_IDLE cycle, and k = 1 eDRX cycle if configured with eDRX_IDLE cycle, when UE already starts measuring intra-frequency neighbour cell measurement in the same satellite.
Observation 6: If finer granularity is used for negative PHR values, it means less value can be used for higher PHR will actually bring useful information for NW scheduling. 
Proposal 2: Use the legacy values for the new PHR table, and whether to update the value can be discussed in future release (e.g. with coverage enhancement).
References
[1] RP-221556 New WID: WID on NB-IoT/eMTC core & performance requirements for Non-Terrestrial Networks
[2] RP-211601 NB-IoT/eMTC support for Non-Terrestrial Networks
[3] R4-2310098 WF on RRM requirements for NTN NB-IoT/eMTC, MediaTek inc
[4] R4-2314433 WF on NB-IoT/eMTC NTN core & perf. RRM requirements maintenance
8

3

image2.png
UE realize that

relaxed monitoring relaxed monitoring
crieria e met measure serving ” isnot met .
/ey 4 o tservice measure serving
\‘ ‘ \ ‘ / cellevery DRX
I ] I
A A B o o o[l o o
i = [l = I = R R = R =
Serving cell H B x x < x I
T T T
I | | Time
I I I
I ) I !
| stop neighbour cell ! Startneighbour
! / measurement ! cell measurement
Neighbour cell | | /
A B Time
t-service
! |
A A B o - N-E-M-E:N-:
HH B 3 HHHHHBE
Sering cell HH B X HHHHHAE
| ] | Time.
I | I
I I
| stopneighbourcell |  Start neighbour |
|/ measurement /eel messurement]
I
Neighbour cell !
A B Time

T"

exit relaxed
‘monitoring




