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1	Introduction
The core part of the work item on enhancements to IoT NTN operation for eMTC and NB-IoT was completed at last meeting. The agreements were summarized in the way forward, but it contains few open issues that need to be resolved under maintenance phase [1]. In this contribution we discuss and provide our view on those. 
[bookmark: _Ref178064866]2	Discussion on core part 
2.1	CONNECTED mode measurements 

Neighbour cell measurements for NGSO 
The issue on when to start neighbour cell measurements if t-Service is present in system information was discussed based on following options [3] at last meeting without any conclusion:
	Proposals:
· Proposal 1 (Huawei): Not to capture the exact time for UE to start measurement in RAN4 spec
· Proposal 1a (CMCC): 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 2 (Ericsson): the UE shall start the intra-frequency neighbour cell measurements at least time T1 before t-Service, where T1 is the time required to perform one intra-frequency neighbour cell measurement.
· Proposal 3 (Nokia): NB-IoT UE shall start time-based neighbor cell measurements:

· a.	If no t-serviceStartNeigh is provided, it is up for UE implementation
· b.	If t-serviceStartNeigh is provided for the neighbor cells, measurements shall start at tinitiate_inter = min( [Y] DRX Cycles, tService-tServiceStartNeigh) before t-service
· Proposal 4 (Nokia): Do not define a point in time for UE to initiate measurements before losing its coverage on Earth Moving Cell scenarios (for both NB-IoT and eMTC).




It is true that the RAN2 agreements allow the UE to start the intra-frequency or inter-frequency neighbor cell measurements anytime before t-Service. Nevertheless, the minimum period of time required to perform a successful measurement is specified in RAN4 specification and taking into consideration this time on when to start the measurements will reduce the risks of failed measurements and unnecessary power consumption especially considering that these are IoT devices designed for long battery life. The reason is that measurement which is started very close in time to t-Service is not going yield a successful measurement, i.e. the the UE may not have sufficient time to collect the number of samples needed to perform the averaging and have a complete measurement ready before discontinuous coverage. 

We observe some similarities between the options listed above. For example both option 1a and 2 propose to define T1 which indicates the minimum time to start the measurement before reaching t-Service. Our understanding of option 3b is also somewhat in similar direction. Therefore we make following proposal but are willing to consider other options during the discussions. 

Proposal 1 For eMTC and NB-IoT, the UE shall start the intra-frequency or inter-frequency  neighbour cell measurements at least time T1 before discontinuous coverage indicated by e.g. t-Service/t-ServiceStart, where T1 is the time required to perform  the respective measurement.

Enhancements to discontinuous coverage
RAN2 has agreed to signal the carrier frequency information of the neighbour cells in SIB32 to enable the UE to determine similarities between the cells before and after a NTN coverage gap, see the agreement [RAN2#123bis]:
Agreements:
1. Provide carrier frequency for the existing satellite list in SIB32 to facilitate cell selection and reduce service interruption after an NTN coverage gap (FFS if the information can be considered as valid after the validity of SI)

The signaled information is shown below from the endorsed CR [4]: 
	SystemInformationBlockType32 field descriptions

	carrierFreqList
Includes a list of E-UTRA frequencies. Each entry identifies the carrier frequency of a satellite, which corresponds to one SatelliteInfo entry in the SatelliteInfoList.



The motivation is to assist the UE in accelerating the measurements and regaining the synchronization more efficiently after a coverage gap, this way the total interruption time between cell changes can be reduced. One specific type of procedure which can be enhanced based on the signaled information is the RRC re-establishment as exemplified below.
With the additional information provided in SIB32 [4], the UE has knowledge about the carrier frequency and satellite information such as ephemeris, satellite ID of the neighbour cell. This information can be used to reduce the number of satellites the UE needs to search a neighbour cell on. For example, if current and target cells are associated with the same satellite then Ksatellite,I can be reduced. 
The legacy RRC re-establishment delay is defined as follows [5]:
	6.5A.2.1	UE Re-establishment delay requirement in normal coverage
The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 [2] is detected by the UE to the time when the UE sends PRACH preamble to the target cell. The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) requirement shall be less than:

-	Tsearch_NB1-NC,i: It is the time required by the UE to search the target cell:
-	If the target cell is known, then Tsearch_NB1-NC,i = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB1-NC,i = Ksatellite *80 ms. Otherwise, Tsearch_NB1-NC,i = Ksatellite,i *1400 ms. Where Ksatellite,i is defined as the number NGSO satellites to be measured on i-th frequency for RRC re-establishment. Ksatellite,i = 1, if GSO satellite(s) is/are measured on the carrier. Ksatellite,i equals to the number NGSO satellites to be measured on the carrier if NGSO satellites are monitored.
……




It is observed that the cell search time is function of Ksatellite,i which equals to the number NGSO satellites to be monitored. If the carrier information in carrierFreqList indicates that the target cell is belongs to the same carrier as serving cell, then Ksatellite,I can be reduced by factor 1since UE can exclude search on that carrier. Otherwise, if the current and target cell belong different carriers, then Ksatellite,I remains unchanged. This will reduce the cell change time and reduce the serving interruption time which is why carrierFreqList is introduced. 

Proposal 2 In RRC re-establishment requirements, if the carrierFreqList in SIB32 indicates that current and target cells belong to the same carrier, then Ksatellite,I is reduced by factor 1. 

Similar changes can be adopted for RRC connection release with redirection requirements which can be discussed based on outcome of this proposal. A companion CR is provided to capture the above change. 

GNSS-MG impact on mobility measurements
It was agreed at last meeting that the RLM evaluation period can be longer if GNSS-reacquisition happens during the RLM evaluation period [1]. It was also brought up whether the UE shall meet a requirements corresponding to a shorter DRX cycle when configured with eDRX cycle after a long GNSS measurement gap , see the below proposal from [6]:
	[bookmark: _Toc149938163]Proposal 13: 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.



The motivation is to reduce the long RLM evaluation period that can occur due to the longer GNSS measurement gap. As explained in [6], it take up to 51 seconds to evaluate a serving cell in certain scenarios which can be problematic. We share the concern brought up in this paper and support this proposal to perform the RLM using shorter DRX cycles after a long GNSS-gap and eDRX cycle. This will help identify and recover potential radio link failures. Although the problem is exemplified for RLM, the same principle can be applied for any measurements. 
Proposal 3 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.

Conclusion
In this contribution we have discussed and provided our view on the remaining RRM issues related to the core requirements for IoT NTN enhancements based on the way forward document agreed at last meeting. Based on the discussions, we have made following proposals:

Proposal 1 For eMTC and NB-IoT, the UE shall start the intra-frequency or inter-frequency  neighbour cell measurements at least time T1 before discontinuous coverage indicated by e.g. t-Service/t-ServiceStart, where T1 is the time required to perform  the respective measurement.

Proposal 2 In RRC re-establishment requirements, if the carrierFreqList in SIB32 indicates that current and target cells belong to the same carrier, then Ksatellite,I is reduced by factor 1.

 
Proposal 3 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.
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