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1. Introduction
In RAN4#108bis meeting, RAN4 discussed the RRM core requirement impact for IOT NTN enhancement, the WF has been approved in [1]. 
In this contribution, we further discuss the RRM impact of IOT NTN enhancement based on the progress of RAN2 and RAN4.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1.  CONN mode measurements  
Issue 3-0 (new): For NGSO, neighbor NGSO satellite measurement in connected mode
Discuss the following options until next meeting:
· Option 1: For NB-IoT, best effort measurement for inter-satellite neighbor NGSO satellite for intra-frequency measurement, similar to inter-frequency.  
· Option 2: other options are not precluded. 
In last meeting, we achieved following agreements:
· For Connected mode, each frequency carrier
· Ksatellite =2, if there are at least two NGSO satellites (including UE serving satellite) to be monitored by UE in this frequency carrier
· Ksatellite =1, if there is only one NGSO satellite to be monitored in this frequency carrier
Based on our interpretation, the agreement means that UE is capable of performing measurement for one serving satellite and one intra-frequency inter-satellite, and the requirements for intra-frequency will be scaled by Ksatellite=2 in such case. Therefore, we prefer to reuse the legacy intra-frequency measurements requirements for inter-satellite neighbor NGSO satellite intra-frequency measurement case.
Proposal 1: Reuse the legacy intra-frequency measurements requirements for inter-satellite neighbor NGSO satellite intra-frequency measurement case. The whole intra-frequency measurements requirements will be scaled by ksatellite.
Issue 3-2-1: Time-based triggering Neighbour cell measurements in connected mode for NB-IoT - requirement
Agreement:
· For NB-IoT, time-based (t-Service) measurement initiation requirements apply to earth fixed cell.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
· For earth moving cell, UE shall initiate the measurement before losing its coverage and this needs to reflected in RAN4 requirements.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
Issue 3-3-1: Time-based triggering Neighbour cell measurements in connected mode for eMTC – applicability 
Agreement: 
· For eMTC, time-based (t-Service) measurement initiation requirements apply to earth fixed cell.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
· For earth moving cell, UE shall initiate the measurement before losing its coverage and this needs to reflected in RAN4 requirements.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
· Further discuss for time-based neighbor cell measurement, requirements apply for the eMTC UE provided the measurement gaps are configured. 
For both NB and eMTC, regarding whether to capture an exact time for UE to start the measurements, we prefer to wait RAN2’s further output of the description of Connected ‘t-Service’. Based on our knowledge, RAN2 hasn’t decided whether to reuse the R17 ‘t-Service’ IE or introduce a new ‘t-Service’ IE for connected mode.
If the same ‘t-Service’ as IDLE is applied for Connected, it is make sense that UE shall start the measurement at least T1 before t-Service, to assist serving cell to configure the HO before stopping the service, where T1 is the time required to perform neighbour cell measurement configured by network.
If the new ‘t-Service’ IE will be introduced in connected mode, and this connected ‘t-Service’ is the timing earlier than service stopping time, which depends on RAN2’s design, then RAN4 don’t need to design a new exact time for UE to trigger the neighbour cell measurement, up to UE implementation is fine.
 Proposal 2: Regarding the exact time for UE to start the measurement, wait further output from RAN2 of the Connected mode ‘t-Service’ IE.
· If the same ‘t-Service’ as IDLE is applied for Connected, RAN4 design an exact time for UE to start the measurement before it. E.g., UE shall start the measurement at least T1 before t-Service, where T1 is the time required to perform neighbour cell measurements configured by network.
· If new ‘t-Service’ IE will be introduced in connected mode, and this connected ‘t-Service’ is the timing earlier than service stopping time, which depends on RAN2’s design, then the timing when UE start the measurement is up to UE implementation.

Issue 3-4-2: Location-based triggering Neighbour cell measurements in connected mode – requirement
Agreement: 
· For NB-IoT, CONNECTED mode, UE shall perform measurement when location condition is met. And the existing delay requirements apply. 
· FFS eMTC, whether measurement gap should be provided. 
In the existing spec, there is requirements applicability rule for eMTC NTN as following:
The UE shall meet the requirements in Section 8.13A(Measurements for UE Category M1 for Satellite Access), provided: 
-	the UE does not require measurement gaps for the corresponding measurements, or 
-	the UE requires measurement gaps for the corresponding measurements and is configured with the measurement gap pattern Id 0 or 1 and is not configured with any measurement gap pattern from Table 8.1.2.1-3.
We think this general existing applicability rule are also applied for location/time-based triggering neighbour cell measurements for eMTC in connected mode.  Therefore, no specification impact by the measurement gap.

Issue 3-5 (new): Time-based triggering Neighbour cell measurements in connected mode for eMTC – impact on measurement gap
Discuss until the next meeting: 
· If t-ServiceStartNeigh is provided, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStartNeigh.
RAN2 achieved following agreement in last meeting:
t-ServiceStartNeigh is signalled per satellite
If network could provide a perfect ‘t-ServiceStartNeigh’, which is equal to the earliest service start time among all neighbour cells for the satellite, or the ‘t-ServiceStartNeigh’ is earlier than the earliest service start time among all neighbour cells for the satellite, we think the measurement gap can be suspended, which is beneficial for network capacity. 
Since how to configure the ‘t-ServiceStartNeigh’ is up to network, and network can guarantee the validity of such design by set the ‘t-ServiceStarNeigh’ ideally or early than ideal value, we support to suspend the MG until time ‘t-ServiceStartNeigh’.
Proposal 3: Considering the network could set the ‘t-ServiceStarNeigh’ ideally or early than ideal timing, the measurement gap pattern(s) configured for neighbour cell measurements can be suspended until the earliest time t-ServiceStartNeigh among neighbour satellites.
2.2. eMTC, CHO
Issue 4: For eMTC, CHO requirements
Agreement: 
· Introduce CHO requirements for NTN eMTC with time and location-based trigger conditions. DCHO = TRRC + Tmeasure + TEvent_DU +Tinterrupt + TCHO_execution
· Where:
· TRRC is the RRC procedure delay
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
· Tmeasure is the measurements time. Tmeasure=0 if only condEventD1 or condEventT1 is configured.
· TCHO_execution is the conditional execution preparation time
· Tinterrupt is the interruption time.
· FFS Update Tinterrupt to include Tsearch, based on handover interruption requirement as in
· 5.5A.2.1.2	Interruption time for CEMode A
· 5.5A.3.1.2	Interruption time for CEMode A
The conditional handover procedure is shown in figure below
During Step 9, the UE is not required to perform RSRP measurements of candidate target cell for time/location only-based CHO. If UE didn’t perform any measurement/cell search of the target cell during last 5 seconds before RACH, then the target cell is unknown cell. The Tinterruput should include Tsearch.
Proposal 4: Update Tinterrupt to include Tsearch, based on handover interruption requirement as in
· 5.5A.2.1.2    Interruption time for CEMode A
· 5.5A.3.1.2	   Interruption time for CEMode A
2.3. GNSS re-acquisition gap in connected mode  
Issue 5-1&5-2: GNSS gap, spec impact
Discuss the following options until next meeting.
· Option 1: add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
· Option 2: The measurement delay requirements are extended by the duration of the GNSS-MG. 
· When the UE triggers an early termination of the GNSS-MG, the measurement delay requirements are extended by the duration of the early-terminated GNSS-MG.
· Option 3: The measurement delay requirements are suspended until the termination of the GNSS-MG.
According to the RAN1’s agreement, the typical GNSS measurement gap values involves [1,2,3,4,5,6,7,13,19,25,31] second.
Based on our understanding of UE behavior, if the GNSS gap too long, for instance, longer than Xs, UE will totally suspend all measurements during the GNSS measurement gap, and re-start the measurements after GNSS measurement gap. In this case, the additional requirement applicability rule should be added, which is the requirements are not applicable when the UE is performing GNSS measurement using gaps. On the contrary, if the GNSS gap is tolerable, for instance, shorter than Xs, UE will suspend all measurements during the GNSS measurement gap, and continue the measurements after GNSS measurement gap.  In this case, Option 2 can be adopted.
For the value of X, we think 5s can be the starting point, which is used to differentiate the known cell and the unknown cell as legacy.
Proposal 5: When the GNSS gap shorter than [5]s, the measurement delay requirements are extended by the duration of the GNSS-MG.
Proposal 6: When the GNSS gap equal or longer than [5]s, UE should re-start the measurements after GNSS measurement gap. The requirements are not applicable when the UE is performing GNSS measurement using such gaps. 
3. Conclusion
Based on the discussion above, the following proposals are concluded. 
Proposal 1: Reuse the legacy intra-frequency measurements requirements for inter-satellite neighbor NGSO satellite intra-frequency measurement case. The whole intra-frequency measurements requirements will be scaled by ksatellite.
 Proposal 2: Regarding the exact time for UE to start the measurement, wait further output from RAN2 of the Connected mode ‘t-Service’ IE.
· If the same ‘t-Service’ as IDLE is applied for Connected, RAN4 design an exact time for UE to start the measurement before it. E.g., UE shall start the measurement at least T1 before t-Service, where T1 is the time required to perform neighbour cell measurements configured by network.
· If new ‘t-Service’ IE will be introduced in connected mode, and this connected ‘t-Service’ is the timing earlier than service stopping time, which depends on RAN2’s design, then the timing when UE start the measurement is up to UE implementation.
Proposal 3: Considering the network could set the ‘t-ServiceStarNeigh’ ideally or early than ideal timing, the measurement gap pattern(s) configured for neighbour cell measurements can be suspended until the earliest time t-ServiceStartNeigh among neighbour satellites.
Proposal 4: Update Tinterrupt to include Tsearch, based on handover interruption requirement as in
· 5.5A.2.1.2    Interruption time for CEMode A
· 5.5A.3.1.2	   Interruption time for CEMode A
Proposal 5: When the GNSS gap shorter than [5]s, the measurement delay requirements are extended by the duration of the GNSS-MG.
Proposal 6: When the GNSS gap equal or longer than [5]s, UE should re-start the measurements after GNSS measurement gap. The requirements are not applicable when the UE is performing GNSS measurement using such gaps. 
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12. Figure 10.1.2.1.1-1 step 12-18
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