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1. Introduction
From this RAN4 #106 meeting, the eNTN will be discussed according to the TU plan in RP-223558, and the latest WID for R18 eNTN is approved in [1]. In this contribution we discuss the impact on RRM for the eNTN UE.
2. Discussion on eNTN RRM
The objectives in the WID[1] are as followings:
	4.1.1	Coverage enhancement
4.1.2	NR-NTN deployment in above 10 GHz bands
4.1.3	Network verified UE location
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements



The main bullets to impact RAN4 RRM is the 4.1.2 and 4.1.4. Regarding the “NR-NTN deployment in above 10 GHz bands”, the assumption of WID is:
	The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.
The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.



The work for NR-NTN deployment in above 10 GHz bands will be start after June 2022, but we think the RRM work shall also be involved, as the R17 NTN has not considered any Rx beam-forming related requirements. In the deployment in above 10 GHz bands, if NTN UE has Rx beam-forming for a Non-GSO satellite, the new measurement behavior might need more investigation since the legacy Rx beam sweeping factor is up to 8 which can cause very long measurement delay; that is, different from FR1 NTN measurement, the Rx beam sweeping needs to be considered in 10GHz NTN case, however, since the Non-GSO satellite can move very fast, the legacy beam sweeping may not be able to track the DL signal timely, e.g., using SSB for beam tracking, beam_sweeping_factor * SSB periodicity * sharing factor = 8*160ms * sharing factor =1280ms * sharing factor. Sharing factor here is the measurement resource sharing with other UE activities, e.g., L1 UE behavior or measurement gap on different carriers.
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Another potential issue is about the existing UE capability of 
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17 and 
· parallelMeasurementWithoutRestriction-r17,
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In maxNumber-NGSO-SatellitesWithinOneSMTC-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, that means, in FR1 UE can indicate to support multiple NGSO within SMTC for parallel measurement, however, in 10GHz NTN, the beam condition shall also be considered, and therefore UE may not be able to support parallel measurement.
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In parallelMeasurementWithoutRestriction-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, e.g., if the serving cell belongs to GSO satellite, no scheduling restriction is applied. However, when beam is considered, the measurement restriction may need to be re-considered in this capability design.
Proposal 1: RAN4 to specify the RRM requirement for NR-NTN deployment above 10 GHz bands after concrete conclusion is made in RF session, e.g., Rx beam-forming related RRM requirement.
Another aspect of this WI is “NTN-TN and NTN-NTN mobility and service continuity enhancements”. The working scope is as followings:
	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]



And in last RAN2 meeting, some conclusions have been made below,
	Agreements:
1.	For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
2.	To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
Agreements:
1.	System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
2.	UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
3.	The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.
4.	In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
Agreements
1.	RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this
2.	Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)
Agreements:
1.	Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits.
Agreements:
1.	RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)
2.	New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
	•	RAN1 impact
	•	The need to perform UL beam switching and/or RA 
	•	Applicability to hard or soft satellite switching



According to the RAN2 agreements, the open issues are not concretely addressed in RAN2 for NTN-NTN mobility with earth moving cell, NTN-TN mobility, group-HO, RACH-less HO, soft satellite switching (continuity enhancements), and so on. Thus, in our view RAN4 RRM work can start after RAN2 has more conclusion on these open issues. However, at least, we can agree with RAN understanding that 
· the RRM requirement for timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point for NTN-NTN cell reselection requirement with earth moving cell 
· RAN4 needs to specify RRM requirement for NTN-TN mobility in R18 
Proposal 2: 
For NTN-TN and NTN-NTN mobility and service continuity enhancements, RAN4 RRM work can start after RAN2 has more conclusions. 
In addition, RAN4 to agree:
· the RRM requirement for timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point for NTN-NTN cell reselection requirement with earth moving cell 
· RAN4 needs to specify RRM requirement for NTN-TN mobility in R18 
3. Discussion on RAN1 LS (R1-2213001)
RAN1 had an LS(R1-2213001) in last meeting, and there was one question to RAN4, as duplicated below,
	RAN1 would like to thank RAN2 for their LS in R1-2210807 (R2-2211017) and provide response to the following question asked by RAN2.
	For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed RACH-less handover. RAN2 would like to check with RAN1 in which of the following listed scenarios RACH-less handover is possible.

(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB

ACTION:	RAN2 respectfully asks RAN1 to provide response to the above question.




RAN1 response
For scenario (1), from RAN1 perspective the RACH-less handover is possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
For scenario (2)-(4), from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.
Note 2: gNB is expected to provide valid assistance information of the target cell to UE.
Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.

To RAN2:
RAN1 respectfully asks RAN2 to take the above response into account in the future work.
To RAN4: 
RAN1 respectfully asks RAN4 whether RAN1’s assumption in Note 1 is correct.




In R17 NTN timing requirement, it was defined that,
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We agree with RAN1’s assumption that RAN4 timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.

Proposal 3: RAN4 to confirm that the timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell in RAN1 LS R1-2213001.

Draft reply LS is as followings:
	Overall description
RAN4 thanks RAN1 for the LS sent in R1-2213001 about the RACH-less handover in NTN. RAN4 would like to confirm the RAN1 assumption of note 1 in their LS:
· RAN4 confirm that the timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell, mentioned in note 1 of RAN1 LS R1-2213001.



 
4. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.
Proposal 1: RAN4 to specify the RRM requirement for NR-NTN deployment above 10 GHz bands after concrete conclusion is made in RF session, e.g., Rx beam-forming related RRM requirement.
Proposal 2: 
For NTN-TN and NTN-NTN mobility and service continuity enhancements, RAN4 RRM work can start after RAN2 has more conclusions. 
In addition, RAN4 to agree:
· the RRM requirement for timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point for NTN-NTN cell reselection requirement with earth moving cell 
· RAN4 needs to specify RRM requirement for NTN-TN mobility in R18 
Proposal 3: RAN4 to confirm that the timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell in RAN1 LS R1-2213001.

Draft reply LS is as followings:
	Overall description
RAN4 thanks RAN1 for the LS sent in R1-2213001 about the RACH-less handover in NTN. RAN4 would like to confirm the RAN1 assumption of note 1 in their LS:
· RAN4 confirm that the timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell, mentioned in note 1 of RAN1 LS R1-2213001.
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7.1C  UE transmit timing for Satellite Access

7.1C.1 Introduction

The UE shall have capability to follow the frame timing change of the reference cell in connected state. The uplink

frame transmission takes place (N'1a + Ntaofset + NTaga + N 'LI'JE,adj) x T before the reception of the first detected

path (in time) of the corresponding downlink frame from the reference cell. UE initial transmit timing accuracy and
gradual timing adjustment requirements are defined in the following requirements.

7.1C.2 Requirements

The UE initial transmission timing error shall be less than or equal to +T. ntn Where the timing error limit value Te NN
is specified in Table 7.1C.2-1. This requirement applies:

- when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission,
or it is the msgA transmission..

The UE shall meet the Te ntn requirement for an initial transmission provided that at least one SSB is available at the
UE during the last 160 ms. and the UE has a validity time running for Nra common and N1a UE-specific- The reference point

for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus (N1, +
UE
Npofiset # NTagd - + Nipad) X T
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