[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #110bis	R4-2408516
Changsha, China, April 15 – April 19, 2024

Source:	Nokia, Nokia Shanghai Bell
Title:	Considerations about neighbor cell satellite measurements
Agenda item:	8.3.2
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
Enhanced RRM aspects for NB-IoT/eMTC operation were introduced in the IoT_NTN_enh WI [1], which included mobility enhancements and other aspects related to the GNSS operation. The work related to the core part of RRM requirements was finalized in RAN4 #109 [2], and most of the issues were addressed in previous discussions or in maintenance discussions of the same WI. 
In a previous meeting, companies have discussed some aspects that were left for further discussion. In this document we keep the discussion of these maintenance aspects that are relevant for UE smooth operation in the network. 
Our contribution focuses on:
· UE measurement behavior after very long GNSS-MGs
· Neighbor cell measurements right before t-serviceStart. 

[bookmark: _Toc116995842]Discussion
UE measurement behavior after very long GNSS-MGs
In previous meetings, RAN4 has discussed the impact of the GNSS-MG on the radio link monitoring and in RRM measurements reported by both eMTC and NB-IoT UEs. And agreements were reached regarding the UE behavior. However, there is still a significant piece of inefficiency to be addressed on UE measurement requirements in the presence of GNSS-MGs. 
The configuration of GNSS-MGs can vary from 1 until 31 seconds, and for the duration of GNSS-MG the UE is not expected to perform regular measurements, as its activities are considered to be suspended towards the network, while it measures the GNSS signals. 
 In most legacy cases, UE would consider a cell to be unknown if it has not collected valid measurements upon that cell for more than 5 seconds. This indicates that, if follow requirements are to be followed, UEs are about to consider current serving and neighbor cells to be unknown right upon returning for a very long GNSS-MG.  This is specially problematic if the decision making of the UE is combined with eDRX cycles, where the UE might take a significant amount of time to understand that the cell is unavailable due to the sparse measurements collected when eDRX cycles are configured 
Consider for example, a UE configured with a eDRX Cycle of 5.12 seconds. The total time to evaluate for this UE according to clause 7.19.2.2 is 26 seconds. If the GNSS-MG is 25 seconds, the UE might take up to 51 seconds to evaluate the serving cell in an environment that is changing dynamically.  Such long evaluation time is clearly problematic and therefore the UE shall be configured to perform a faster serving cell evaluation after completing the GNSS-MG. This can be achieved by defining a shorter DRX cycle applies.
If the GNSS-MG is smaller than the eDRX cycle, the measurement activities are not affected by the GNSS-MG, based on previous agreements. However, if it is larger than the eDRX cycle, then it is delaying significantly UE measurements.  Therefore, we propose: 
[bookmark: _Toc166505251]When the UE is configured with eDRX cycle, and the GNSS-MG is larger than the eDRX cycle, the requirements applicable right after the GNSS-MG shall be corresponding to a DRX cycle of [1.28] s.
Idle Mode Measurements
RAN2 has recently decided to fasten the procedures for the UE to land on a different cell, when t-service expires and the current serving cell is not available anymore:
	Agreements on RAN2 #122
2.	If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage




The idea from RAN2 is that the UE can speed up the process by knowing that the current serving cell is not available after t-service. 
Regardless of whether the conditions of the serving cell right before t-service are good or bad, the UE knows (by the configuration of t-service) that the serving cell will disappear at t-service. Based on the average scenario it is even more likely that the conditions on the serving cell are good before the cell is discontinued.  Any last effort to collect serving cell measurements are not unnecessary, but it might hurt the timely cell reselection. This scenario is depicted in Figure 1.  In this figure, we show a scenario where the neighbor cell measurements are triggered by Ttrigger. The received power level from the serving cell is still in good conditions, and might even be above any of the neighbor cells (as depicted). If that’s the case, the UE will not perform cell reselection upon t-service, as the UE will rank the serving cell as very high. Only Tevaluate seconds after the last sample before t-service the UE will be required to perform the cell reselection. 
Even more problematic: if the UE measures other cells (neighbor cells) associated to the same serving satellite, but also configured to disappear at t-service (for example, inter-frequency cells), the UE might decide to reselect to one of those cells right before t-service, which is inefficient as a new reselection procedure will take place when t-service is reached. 
[image: ]
Figure 1 The presence of good serving cell measurements (blue), better than neighbor cell measurements (green), before t-service, will delay the cell reselection at the UE side, even though the UE has full knowledge of the disappearance of the serving cell.

Cell reselection for those cells associated to the same serving satellite should not be allowed when t-service is approaching, as it can cause the problem described above. 
Based on this analysis, if the neighbor cell measurements is not triggered by radio conditions (S-criteria), but the measurements are initiated by the time-based trigger (t-service), the UE should not be required to perform measurements towards the serving cell, whenever this leads to a smaller value of K_satellite (no other cells are configured for measurement on the same serving satellite). This would cause the UE to trigger a faster cell reselection or a faster cell search. Therefore, we propose: 
[bookmark: _Toc166505252]When a UE starts inter-frequency neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), and the inter-frequency neighbor cells associated to the same satellite are also configured with t-Service, then the UE is not required to measure these cells. 
[bookmark: _Toc166505253]When t-service is reached, and the UE has initiated measurements based on time-based measurement initiation, the UE shall immediately perform cell reselection ignoring any previous measurement on the serving cell. 
Servig cell Measurements
In previous RAN4 meeting, after discussions on the ad-hoc session, companies agreed to further discuss whether the changes on serving cell measurements would be adopted (with refined wording in the proposal) or not:
	Issue 1-1-1: Skipping serving cell measurement before t-service
<WayForward>
Further discuss 
· Option 1: Proposal 1 with wording refinement. 
· Option 2: no change is needed. 




As we have lengthy discussed in our previous contribution [3], we support option 1. And for it we provide the updated refined wording:
[bookmark: _Toc149938145][bookmark: _Toc163500157][bookmark: _Toc166505254]When a UE starts intra-frequency neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), the UE is allowed to apply relaxed measurement settings on the serving cell measurements when the following side conditions are met:
a. [bookmark: _Toc149938146][bookmark: _Toc163500158][bookmark: _Toc166505255]When skipping serving cell measurements reduces the value of Ksatellite (i.e. no neighbor cell is configured for measurements in the same satellite as the serving cell) in this frequency
b. [bookmark: _Toc149938147][bookmark: _Toc163500159][bookmark: _Toc166505256]The S-Criterion is still met by the serving cell, according to the most recent measurements on the serving cell. 

[bookmark: _Toc116995848]Conclusion
The paper has discussed the work item on enhancements of IoT/eMTC NTN deployments in special in what regards mobility aspects. The following observations and proposals are presented as an outcome of the discussions above:
Proposal 1: When the UE is configured with eDRX cycle, and the GNSS-MG is larger than the eDRX cycle, the requirements applicable right after the GNSS-MG shall be corresponding to a DRX cycle of [1.28] s.
Proposal 2: When a UE starts inter-frequency neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), and the inter-frequency neighbor cells associated to the same satellite are also configured with t-Service, then the UE is not required to measure these cells.
Proposal 3: When t-service is reached, and the UE has initiated measurements based on time-based measurement initiation, the UE shall immediately perform cell reselection ignoring any previous measurement on the serving cell.
Proposal 4: When a UE starts intra-frequency neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), the UE is allowed to apply relaxed measurement settings on the serving cell measurements when the following side conditions are met:
a.	When skipping serving cell measurements reduces the value of Ksatellite (i.e. no neighbor cell is configured for measurements in the same satellite as the serving cell) in this frequency
b.	The S-Criterion is still met by the serving cell, according to the most recent measurements on the serving cell.
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