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Introduction
Measurement issues for NTN RRM requirements were discussed in RAN4#101-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Impact to serving cell data 
· Measurement period 
· Scaling factor 
· Timing of SSB and SMTC and MG
· SMTC overlapping 
· More SMTC than UE capability
· MG
· Measurement capability
In this paper we will provide our views on the above measurement issues for NTN RRM.
Discussion
Impact to serving cell data 
	Issue 3-1-4: Measurement with multiple SMTCs
Agreement:
· Item-1: Scheduling restriction
· Option 1: Scheduling restriction is always allowed for measurement of cells belonging to a different satellite than the serving cell if not fully confined within MG. No scheduling restriction for measurement of cells belonging to serving cell.
· Option 2: Same as Option 1, but only for the case where either serving or target measurement cells is LEO. Otherwise, no scheduling restriction is defined.
· Option 3: For both intra- and inter- frequency measurements, the UE uses measurement gaps; the UE is not required to measure the SSB-s unless the SSB-s are completely contained in the measurement gaps.
· Option 4: Please add yours, if any.


First, we do not prefer to use MG for all NTN measurements, since this will increase the number of MGs needed, and is also not aligned with RAN2 agreements so far. We would prefer to re-use same principle in NT to determine whether a measurement is performed with MG or without MG, and define scheduling restriction for measurement outside MG if necessary. 
This means intra-frequency layer are measured without MG if the SSB is within active BWP, and with MG if the SSB is outside active BWP. Inter-frequency layers are measured with MG.
Proposal 1: Re-use same principle in NT to determine whether a measurement is performed with MG or without MG. 
Based on the following agreements for Issue 3-1-8 in [1], UE may not be able to simultaneously receiver serving cell data and measure neighbour cell because of different Doppler drifts of the two cells.
	Issue 3-1-8: Measurement requirements and with multiple satellites
Agreement:
· For LEO, UE is not required to receive signals from multiple satellites/measurement cell groups at one time.
· (Note) The above does not mean ‘UE only needs to receive signal from one satellite/measurement cell group at one time for LEO’
· (Note) The above does not imply ‘any explicit limitation of number of satellite/measurement cell group to 1’ 


Therefore, in LEO, intra-frequency measurement outside MG may cause scheduling restriction, at least when the neighbour cell is served a different satellite than the serving cell. We suggest that scheduling restriction is allowed for intra-frequency measurement outside MG as baseline requirements.
Of course, it is possible that some advanced UE implementation may be able to simultaneously receive two cells with large frequency drift, and for such UEs scheduling restriction is not needed. We are open to discuss whether to define such UE capability.
Proposal 2: For LEO, scheduling restriction is allowed for intra-frequency measurement outside MG. FFS whether to define UE capability for supporting intra-frequency measurement without scheduling restriction.
Measurement period 
Scaling factor (without considering SMTC overlapping)
	· Item-2: Scaling factor
· Option 1: When a measurement frequency is configured with multiple SMTCs with different offset values, the measurement frequency is treated as multiple independent measurement frequencies in terms of measurement period/interval and CSSF (Carrier Specific Scaling Factor) which represents the number of measurement carriers that share one cell search/measurement engine.
· Option 2: Different solutions in terms of whether and exact number of scaling factor for the following cases:
· Whether UE can measure multiple SMTCs within one periodicity, and how many SMTCs can be measured in parallel.
· If not all of them can be used by UE in parallel, whether or not UE and NW are in-sync in terms of which SMTCs will be in use at a given time 
· Option 3: When a measurement frequency is configured with multiple LEO satellites to measure, the number of LEO satellites is accounted in CSSF for connected mode and Kcarrier for idle/inactive mode.
· For all options, there can be more aspects to be taken into account, e.g. fully vs. partially overlapping SMTCs


According to RAN2 LS reply [2], supporting 2 SMTC in parallel is essential. 
	(Q4) Would configuring multiple SMTCs overlapping with each other in the time domain for the same measurement object be allowed? If yes, would the SMTCs be allowed to be activated concurrently?

RAN2 answer: Yes. All the configured SMTCs may overlap in time domain for the same measurement object and can be used in parallel. 

There will be optional UE capability reporting whether UE is able to use 4 SMTCs in parallel. RAN2 has decided that it is essential for UEs to support 2 SMTCs in parallel.


Given the RAN2 reply, we suggest to define requirements assuming UE can support parallel measurement of 2 SMTCs per carrier. For example, SMTC#1 is with 40ms period and offset 0, and SMTC#1 is with 40ms period and offset 20ms, the measurement period for each SMTC will be based on 40ms SMTC without scaling for multiple SMTC. Basically, we assume UE is doing parallel measurement for the two SMTCs when they are not overlapping in time (the overlapping SMTC is discussed in section 2.2.3). 
Based on RAN2 reply, some UE may be able to support 4 SMTC in parallel, and for such UEs NW may configure up to 4 SMTC per carrier. We suggest to leave the scaling factor for this case FFS since RAN4 may need to discuss the feasibility of 4 parallel measurement per carrier. In our view it may be challenging for UE implementation, and it may make more sense to define some scaling to the measurement period such that the configuration of 4 SMTC per carrier can still be supported but with longer measurement period. 
Proposal 3: Define requirements assuming UE can support parallel measurement of 2 SMTCs outside MG, i.e. measurement period is not scaled if two SMTCs do not overlap. FFS on scaling in case of 4 SMTCs per carrier for capable UE.
Besides multiple SMTC, multiple Doppler drifts should be considered for LEO scenario. Based on the agreements for Issue 3-1-8 in [1], we suggest to define requirements assuming UE can measure 1 satellite in each SMTC. If two satellites are with same SMTC, the measurement period will be scaled by a factor of 2. 
It is noted that when the two satellites are in different SMTCs and the two SMTCs are not overlapping, there is no need for scaling because they are measured at different time, and UE does not need to receive signals from them at the same time.
Similar as Proposal 2, some advance UE implementation may be able to receive two satellites at the same time, so we are open to discuss whether to introduce UE capability to indicate support of parallel measurement of more than 1 satellites in an SMTC
Proposal 4: For LEO, define requirements assuming UE can measure 1 satellite in each SMTC, i.e. measurement period is scaled if UE is required to measure more than one satellites per SMTC. FFS whether to define UE capability for supporting parallel measurement of more than 1 satellites in an SMTC.
Timing of SSB and SMTC 
	· Item-3: SSBs fully or partially contained SMTC
· Wait for further progress from RAN2


In our understanding, RAN2 has considered two approaches for the SMTC timing:
· UE assisted timing determination: NW configures SMTC offset, and NW may adjust the offset based on UE assistance information report, e.g. PD on the service link 
· UE autonomous timing determination: NW configures SMTC offset, and UE autonomously adjusts the offset based on obtained information related to the target satellite. 
For both cases, we assume the intention is to make sure SMTC will cover the SSB of the target cell, so we suggest to adopt the same principle in TN that UE is only required to measure SSBs that fall in SMTC windows. How to ensure the correctness of the SMTC offset can be discussed separately.
Proposal 5: UE is only required to measure SSBs that fall in SMTC windows. 
SMTC overlapping  
	· Item-5: Fully or partially colliding SMTCs
· Option 1: SMTCs on the same frequency do not overlap
· Option 2: Consider cases where MTCs on the same frequency can fully or partially overlap, and define same or different requirements for fully-, partially-, and non-overlapping cases.
· Option 3: Please add yours, if any.


SMTC length determines for how long UE needs to search for a neighbour cell, and based on [2] no new SMTC length will be introduced for NTN. 
When two SMTC windows overlap in time, UE should be required to measure in only one of them, as otherwise UE is required to search over a virtual SMTC whose length is the union of the two SMTCs. For example, if two SMTCs with 5ms duration have 1ms overlap in time, and if UE is required to measure both, the effective search time will be 9ms and exceed max UE capability of 5ms.
It is noted that in this discussion we are assuming partially overlapped SMTCs. We do not think fully overlapped SMTC is a valid configuration, because based on [2] all SMTCs for an MO will have same periodicity, so NW can configure one SMTC rather than 2 fully overlapped SMTCs.
Proposal 6: Define requirements assuming UE measures in only one SMTC when SMTCs on the same carrier overlap, i.e. measurement period is scaled if two SMTCs on the same carrier overlap.
More SMTC than UE capability   
	· Item-4: Requirements when the number of configured SMTCs per Frequency layer is beyond UE capability
· Option 1: UE is not expected to be configured with more SMTCs than its capability
· Option 2: UE can be configured with more SMTCs than its capability. In such a case, requirements are FFS, e.g. not applicable or based on the worst case
· Different options can be adopted depending on UE RRC state.


In our view, NW should considered UE indicated capability when making SMTC configuration, at least for CONNECTED mode, so we suggest that no requirement would apply if number of configured SMTCs per carriers is beyond UE capability for CONNECTED mode. This is similar to other existing requirements, e.g. when more than 7 NR carriers are configured for measurement, there should be no requirement. 
For IDLE/INACTIVE mode, our preference is to follow the same principle, but we are open to have further discussion since in IDLE/INACTIVE mode the configuration is cell specific and there can be UEs with different capabilities. Also we understand the issue is being discussed in RAN2. 
Proposal 7: Requirements do not apply if number of configured SMTCs per carriers is beyond UE capability for CONNECTED mode. FFS for IDLE/INACITVE mode. 
MG
	Issue 3-1-6: Measurement Gap
Agreement:
· RAN4 to discuss Gap-based measurement including the following aspects in detail based on further progress made by RAN2 NTN and RAN4 Concurrent MG WI before RAN4#102 e-meeting starts:
· Maximal number of MG 
· Matching between SMTC and MG if applicable
· Proximity condition for overlapping
· UE behavior during colliding gap occasion
· RAN4 to discuss how MG deals with unalignment,e.g. edge of SMTC window may cross MGL, due to propagation delay offset/timing error between serving cell and neighbor cell.


As discussed in section 2.2.2, we assume that RAN2 will define solution, either NW based or UE based, to make sure the target SSB for measurement will fall in SMTC windows. We believe similar approach can be used for determining the MG offset, such that the target SMTC will fall in MG. 
In this sense, we suggest to re-use the TN principle that UE is only required to measure in SMTC windows that fall in MGs for measurement with MG. How to ensure the correctness of the MG offset can be discussed separately, and we see it as RAN2 scope.
Proposal 8: UE is only required to measure in SMTC windows that fall in MGs for measurement with MG.
On the max number of MGs, we suggest to define it as 4, same as the requirement from concurrent MGs in MG Enh WI. More than 2 MGs will increase UE implementation complexity as well as the standardization efforts, e.g. the collision handling for concurrent MGs has so far only considered 2 MGs.
Proposal 9: Maximal number of MGs is 2 (same as concurrent MGs).
On the proximity condition and collision handling, we suggest to wait for further inputs from RAN2. The collision handling in concurrent MGs are tentatively agreed to be based on priority. Whether to re-use this approach or not could depend on e.g. association between measurement and MGs. The difference in NTN compared to TN is that one frequency layer may require more than one MGs.
Proposal 10: FFS on the proximity condition and collision handling between MGs. 
Measurement capability
	Issue 3-1-1: The maximum number of SMTCs per Frequency layer
Conclusion:
Wait for RAN2 reply LS.
Issue 3-1-2: Capability on the number of Measurement Cell Groups
Conclusion:
Wait for RAN2 reply LS.
Issue 3-1-3: Capability on the number of Measurement Carriers/Cells/SSBs
Agreement:
· Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is [3] including serving CC
· the number of NTN and TN carriers UE needs to monitor is X (>[3]) including serving CC
· FFS for VSAT UE
· the number of SSB beams UE needs to monitor per NTN carrier is [8] (it also depends how many SMTC those SSBs are located in, e.g., if 8SSBs belongs to 4 SMTCs but UE can only support 2 SMTC, then cannot directly say 8SSBs are supported)
· Define the following addition measurement capability requirements for LEO
· Minimal requirements on the number of target satellites UE needs to monitor is [2] including serving LEO satellite if applicable. 
· Optional requirements on the number of target satellites UE needs to monitor is FFS, with respect to UE’s capability.


On the max number of SMTCs per carriers, we do not think further discussion in RAN4 is needed given the RAN2 reply LS [2]. RAN4 may need to discuss the max number of SMTCs parallel in use from requirement perspective, and we have discussed this issue in section 2.2.1 (Proposal 3).
On number of measurement cell groups, the concept “cell groups” was first discussed in RAN4#100-e:
	Tracking and maintaining to many different SMTC/timing will definitely increase UE complexity. Therefore, we propose to discuss the capability regarding the different SMTC or timing (each SMTC/timing may be associated with a cell group).


In RAN4#101-e, based on the above understanding, most companies commented that number of cell groups should be same as number of SMTCs. In this sense, we suggest RAN4 not to further discuss measurement capability requirements on number of cell groups as it can be already covered by number of SMTCs.
Proposal 11: RAN4 not to further discuss UE measurement capability on max number of SMTCs or number of cell groups per carrier (since there are already agreements in RAN2).
On the number of Measurement Carriers/Cells/SSBs, we suggest to confirm the numbers [1].
On the total number of TN and NTN carriers, the requirements do not apply to VSAT UEs since they do not need to support TN measurement. 
On the number of SSB beams per NTN carrier, we agree that in the mentioned case, UE can only measure 4 SSB beams in 2 SMTCs, but this could be already addressed by the UE capability on the number of SMTCs. If UE can only support 2 SMTCs per carrier, and there are 4 SSB beams per SMTC, then UE should be able to measure all 8 SSB beams. If there are only 2 SSB beams per SMTC, then it is just a case where the number of SSB beams configured for measurement (4) is below the UE capability (8), and we do not see it as an issue.
On the number of target satellites for LEO, we suggest to define 2 as the baseline requirement, and [4] as the optional capability for some advanced UEs. 
Proposal 12a: Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is 3 including serving CC
· the number of NTN and TN carriers UE needs to monitor is 7 including serving CC
· Requirements do not apply to VSAT UE
· the number of SSB beams UE needs to monitor per carrier is 8
Proposal 12b: Define the following addition measurement capability requirements for LEO
· (baseline) the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite
· (optional) the number of target satellites UE needs to monitor per carrier is [4] including serving LEO satellite
Conclusions
In this paper we provided our views on measurement related issues for NTN RRM.
Proposal 1: Re-use same principle in NT to determine whether a measurement is performed with MG or without MG. 
Proposal 2: For LEO, scheduling restriction is allowed for intra-frequency measurement outside MG. FFS whether to define UE capability for supporting intra-frequency measurement without scheduling restriction.
Proposal 3: Define requirements assuming UE can support parallel measurement of 2 SMTCs outside MG, i.e. measurement period is not scaled if two SMTCs do not overlap. FFS on scaling in case of 4 SMTCs per carrier for capable UE.
Proposal 4: For LEO, define requirements assuming UE can measure 1 satellite in each SMTC, i.e. measurement period is scaled if UE is required to measure more than one satellites per SMTC. FFS whether to define UE capability for supporting parallel measurement of more than 1 satellites in an SMTC.
Proposal 5: UE is only required to measure SSBs that fall in SMTC windows. 
Proposal 6: Define requirements assuming UE measures in only one SMTC when SMTCs on the same carrier overlap, i.e. measurement period is scaled if two SMTCs on the same carrier overlap.
Proposal 7: Requirements do not apply if number of configured SMTCs per carriers is beyond UE capability for CONNECTED mode. FFS for IDLE/INACITVE mode. 
Proposal 8: UE is only required to measure in SMTC windows that fall in MGs for measurement with MG.
Proposal 9: Maximal number of MGs is 2 (same as concurrent MGs).
Proposal 10: FFS on the proximity condition and collision handling between MGs. 
Proposal 11: RAN4 not to further discuss UE measurement capability on max number of SMTCs or number of cell groups per carrier (since there are already agreements in RAN2).
Proposal 12a: Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is 3 including serving CC
· the number of NTN and TN carriers UE needs to monitor is 7 including serving CC
· Requirements do not apply to VSAT UE
· the number of SSB beams UE needs to monitor per carrier is 8
Proposal 12b: Define the following addition measurement capability requirements for LEO
· (baseline) the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite
· (optional) the number of target satellites UE needs to monitor per carrier is [4] including serving LEO satellite
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