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1. Introduction
In RAN#100-e meeting, RAN4 has some discussion on measurement requirement for NR NTN, and the WF on NR NTN RRM requirements was approved in [1]. In this contribution, we discuss the measurement related requirements for NTN system and provide our proposals.
2. Discussion
Neighbour/Target Cell Information Acquisition
In last meeting, RAN4 agreed that it was assumed that RRM requirements are defined providing that the parameters to derive timing relation between UE and non-serving cell(s) for measurement and/or handover will be provided by serving cell, e.g. K_offset, N_TA_common, ephemeris information, etc. However, RAN1/2 has no conclusions on the N_TA_common and ephemeris information for the neighbour cell will be indicated by serving cell. 
	Agreements in RAN2#113e:
1.	The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    
2.	Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.


From above agreements, there is no explicit consensus that the neighbour’s ephemeris will be informed by serving cell. Thus, it is necessary to send LS to RAN1/2 to clarify whether the neighbour’s ephemeris is broadcasted by serving cell. If UE does not obtain those parameters from the serving cell, RAN4 may need to define additional requirement for SIB decoding.
Proposal 1: RAN4 send LS to RAN1/2 to clarify whether the parameters to derive timing relation between UE and non-serving cell(s) for measurement and/or handover are provided by serving cell.
Side condition
	Agreement:
· For non-LEO, reuse the same side conditions as legacy, i.e. Rel-15/16.
· For LEO, RAN4 to further discuss the following options
· Option 1: Keep the same side conditions as legacy
· Option 2: Consider higher side condition or alternatives with a clear problem identification and analyses on side effects, e.g. [X]dB relation of side condition should be justified and supported by balanced technical analyses on gain and loss. The discussion may not be limited to RRM scope and may need help from RF group. 
· (Note) Different options can be selected depending on whether the cell is earth-(quasi)fixed or earth-moving cell.
· (Note) Potential issues related to side condition and cell search/measurement period are presented in R4-2111935


In last meeting, it was agreed that the legacy side condition can be reused for non-LEO cases, and FFS for LEO. The system level simulation result on serving beam SINR is shown in figure 1, it can be observed that the -6dB SINR can be reused for LEO cases.
[image: ]
Figure 1: Serving beam SINR
Proposal 2:  The legacy side condition can be reused for LEO case.
SMTC and Measurement Configuration
A UE can be served by different types of satellite, e.g. LEO satellite MEO satellite or GEO satellite. The altitude for different types of satellite can be from 600Km to 35768Km, and the propagation delay between different types of satellites can be varied between 4ms and 477.48ms correspondingly. Since the SMTC and measurement gap configuration in NTN are configured based on the timing of PCell, thus, the time difference between signal delay 1 and signal delay 2 will cause the SSB signal window of target neighbour cell is not within the measurement gap window configured by the serving cell. Thus, in order to address the issues associated with the different/larger propagation delays. RAN2 agreed 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. And the related LS [2] has been sent to RAN4 on SMTC configuration for NTN.
	Agreements in RAN2#115e [3]:
1. The specific maximum number of SMTC configuration in one measurement object with the same ssbFrequency can be 4. And a LS will be sent to RAN4 to confirm the conclusion.
2. In NTN, NW-based solution is supported, i.e. the final SMTC/measurement gap configuration is generated and provided by NW in NTN to a given UE (based on the propagation delay difference between at least one target cell and the serving cell of a given UE). FFS whether UE-based solution is supported or not.
3. In NTN, it is necessary of the UE to report assistant information to the NW (which can be configured by NW or upon NW’s request) to assist NW calculating the offset for SMTC/GAP configurations. FFS the detailed information.
4. The UE can be configured with multiple SMTCs per carrier. FFS if the UE can use only a partial set or all of them in parallel, and in case FFS whether based on network configuration or UE implementation


According to RAN2 agreements, network can configure up to 4 SMTC configuration with different offsets for one frequency in NR NTN. For the neighbour cell measurement with gap, the neighbour cells to be measured in one frequency layer may be performed in different measurement occasions due to different offset for SMTC configuration. In order to support the measurement on SMTC with different offsets, the measurement gap enhancement with multiple measurement gap pattern should be supported. In MG enhancement WI, the concurrent MGs can be configured for the measurements with different periodicity and/or offset of reference signals from different cells or frequency layers that cannot be covered by one measurement gap. 
Proposal 3: the concurrent MG discussed in Rel-17 MG enhancement WI can be applied for the case of multiple SMTC configurations in one frequency layer in NR NTN.
In addition, RAN2 also agreed to introduce UE assistance information which is used to (re)configure the SMTC configuration and measurement gap configuration for NW. Regarding how to define the UE assistance information, one of the alternative is to report the service link propagation delay difference between the serving satellite and the neighbour satellite. And UE is required to perform the time difference measurement between serving satellite and the neighbour satellite. Thus, the RRM impact on UE assistance information should be considered.
Proposal 4: The RRM impact on UE assistance information should be considered, e.g. the requirement of timing difference measurement between serving satellite and the neighbour satellite.
3. Conclusion
In this contribution, we discussed the measurement related requirements for NTN system and our observation and proposals are provided as follows:
Proposal 1: RAN4 send LS to RAN1/2 to clarify whether the parameters to derive timing relation between UE and non-serving cell(s) for measurement and/or handover are provided by serving cell.
Proposal 2:  The legacy side condition can be reused for LEO case.
Proposal 3: the concurrent MG discussed in Rel-17 MG enhancement WI can be applied for the case of multiple SMTC configurations in one frequency layer in NR NTN.
Proposal 4: The RRM impact on UE assistance information should be considered, e.g. the requirement of timing difference measurement between serving satellite and the neighbour satellite.
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