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Introduction
In the last RAN4 meeting, measurements for NR NTN were discussed, but most issues were FFS due to other WG decision is required. In this contribution, we provide our views on the measurement requirements.
 
Discussion
MG/SMTC
To measure neighbour NTN cell or beam, network would configure SMTC or measurement gap based on serving NTN satellite DL timing, so the SSB of neighbour NTN cell or beam could be outside of SMTC or MG due to large propagation delay between serving and neighbour as shown in Figure 1. 


[bookmark: _Ref60944377]Figure 1 Misalignment of SMTC or MG due to propagation delay

To resolve this issue, the following WFs are approved in RAN2 113e-bis [1].
· For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
· Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
· Enhancements of the SMTC configuration is supported for Rel-17 NTN.
· Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap.
· For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
- The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
- The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
· FFS the following open questions: 
	(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
· 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

As described in RAN2 agreement, RAN2 started to discuss the SMTC/MG with multiple/different offset configuration to resolve the issues associated with the large propagation delay difference. The multiple SMTC/MG may increase the total SMTC/MG duration at the UE. And it could cause UE throughput degradation since the UE cannot receive data from serving cell during MG. Also, if the multiple SMTC/MG is not configured at exact time that neighbor cell’s SSBs arrives at the UE, multiple SMTC/MG could cause system performance degradation.
Proposal 1. RAN4 to study impact of multiple SMTC/MG for NTN such as whether new MG patterns are needed and scenarios (e.g. LEO 600-LEO 1200, GEO-LEO) that new SMTC/MG is required.
For NTN, UE with GNSS capability is already assumed, and UE can get PVT information for satellite/HAPS. The delay between UE and satellite can calculated by satellite/HAPS PVT and UE location information and it may help for the NTN RRM measurement.
Proposal 2. For multiple SMTC/MG, consider delay information between satellite and UE to improve measurement performance.

The satellite/HAPS PVT and UE location information may help for the NTN RRM measurement. In other words, the RRM measurement performance could be degraded by inaccurate PVT information for satellite/HAPS since propagation delay is derived with satellite PV and UE location, and outdated PVT information for satellite/HAPS will make it more inaccurate. 
Observation 1: RRM measurement performance could be affected by update period and accuracy of satellite/HAPS PVT and UE location information.
Based on observation4, when defining the NTN RRM measurement requirement, RAN4 need to consider the update period and accuracy of satellite/HAPS PVT and UE location information.
Proposal 3: RAN4 needs to consider the update period and accuracy of satellite/HAPS PVT and UE location information when defining the NTN RRM measurement requirement.


NTN-TN measurement
In RAN2#114-e meeting, following agreements for conditional handover were made.
	· Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
· The reference location for the event description is defined as cell center.
· For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
· For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS
· CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.
· Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.



In RAN4, for NTN-TN, following agreements were made in RAN4 #97e meeting.
· Consider new measurement type requirements for
· New HO procedures defined by RAN2 if any (part of normal RAN4 working process)
· All scenarios NTN-to-NTN, NTN-to-TN and TN-to-NTN
· Discuss once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).


In RAN4, NTN-TN mobility will be discussed when the intra NTN mobility has sufficiently progressed. It seems that more discussion is still needed for intra NTN mobility, but, as described in RAN2#114-e meeting agreement, discussion on NTN-TN mobility was already stated.
For the requirements of TN-NTN mobility, some of requirement for TN mobility can be reused and some requirements for intra NTN mobility currently discussed in RAN4 can be reused. However, since TN is prioritized to NTN UE (as described in above), NTN UE behavior for measurement needs to be discussed, and it can affect the RRM requirement such as MG, measurement period, measurement relaxation and so on.
Observation 2: In RAN2, it is assumed that, for idle mode reselection, NTN UE can prioritise TN over NTN. So, the NTN UE behaviour for measurement will be different from behaviour of TN UE. It can affect the RRM requirement such as MG, measurement period, measurement relaxation and so on.
We think there is not enough time to discuss it until the end of release 17. So, we think that RAN4 starts to discuss NTN-TN mobility issues to resolve RRM issues on time.
Proposal 4: To resolve RRM issues on time, RAN4 starts to discuss NTN UE behaviour for TN-NTN measurement and requirements under assumption that NTN UE prioritize TN over NTN.
Conclusion 
In this contribution, we provide our views on measurement requirements.
Proposal 1. RAN4 to study impact of multiple SMTC/MG for NTN such as whether new MG patterns are needed and scenarios (e.g. LEO 600-LEO 1200, GEO-LEO) that new SMTC/MG is required.
Proposal 2. For multiple SMTC/MG, consider delay information between satellite and UE to improve measurement performance.
Observation 1: RRM measurement performance could be affected by update period and accuracy of satellite/HAPS PVT and UE location information.
Proposal 3: RAN4 needs to consider the update period and accuracy of satellite/HAPS PVT and UE location information when defining the NTN RRM measurement requirement.
Observation 2: In RAN2, it is assumed that, for idle mode reselection, NTN UE can prioritise TN over NTN. So, the NTN UE behaviour for measurement will be different from behaviour of TN UE. It can affect the RRM requirement such as MG, measurement period, measurement relaxation and so on.
Proposal 4: To resolve RRM issues on time, RAN4 starts to discuss NTN UE behaviour for TN-NTN measurement and requirements under assumption that NTN UE prioritize TN over NTN.
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