3GPP TSG-RAN WG2 Meeting#121                                	R2-2300516 (R2-2212894)
Athens, Greece, 27th February – 3rd March 2023	
	
Agenda item:	8.7.4.2
Source: 	Google Inc.
Title: 	Discussion on NTN-TN Mobility Enhancements in Connected State
Document for:	Discussion and Decision
Introduction
In RAN2#119bis_e meeting, the Rel-18 NTN-TN mobility enhancement was discussed and the main focus is to prevent the UE in the idle or inactive state from measuring the TN frequencies if the UE is in an area where there is no TN coverage. The following two agreements were made during the meeting [1].
	#Agreements in RAN2#119bis_e
· To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage



In this paper, explicit means/methods allowing UE to determining whether it is in an area where there is no TN coverage is available are proposed. The methods proposed in this paper do not only work for the UE in the idle/inactive state, but also work for the UE in the connected state. The proposals are beneficial to the UE in connected state, as they allow the RRC_CONNECTED UEs NOT to conduct the measurement on the TN carrier frequency when the UEs are not within or close to any TN area associated to the TN carrier frequency. 
Discussion
In Rel-17 NR-NTN WI, the TN-NTN mobility enhancement for RRC_IDLE/INACTIVE UEs had been discussed [2] and the following two issues are the key focuses. 
1. The signals required to prioritize the TN cell over the NTN cell when the UE is in the coverage of both TN and NTN
2. The UE power saving mechanism allowing UE to reduce power consumption in conducting the measurement on TN frequencies when TN has spotty coverage
Companies had diverse views regarding the first issue and some companies even thought that the existing mechanism/signaling is sufficient to support the network/UE to prioritize the TN cell over the NTN cell in terms of measurement, handover, and cell reselection. Regarding the second issue, although most companies did think this is an issue needs to be addressed, there was no specific agreement / change adopted in the Rel-17 specifications. In RAN2#119bis_e meeting the second issue was discussed again as part of Rel-18 enhancement and eventually two agreements were made relevant to the issue (please refer to the agreements listed in section 1).
The discussion and agreements in the RAN2#119bis_e meeting were mainly for the UEs in the idle/inactive state, and the intention is allow these UEs to save their power in conducting the TN measurement while TN has spotty coverage. It should be also noted that the UEs in the connected state also have the same issue, as if a RRC_CONNECTED UE is configured with a TN frequency in a measurement object, it has to keep measuring that TN frequency to check whether the reporting conditions are fulfilled or not. 
[bookmark: _Toc118131084][bookmark: _Toc118196554]The UE in connected state has to continuously measure on a TN frequency as long as the UE is configured with the TN frequency in a measurement object, even if the UE is not close to any TN cell operating in that TN frequency. 
One may argue that the network can ask a UE to report its location in the connected state, and then configure the UE to conduct the measurement on a TN frequency only if the UE is close to the TN area operating in that TN frequency. However, based on the current specification, UE’s location can be reported in a coarse value due to the privacy concern. In addition, as user’s consent needs to be obtained in advance before the network can enquire UE’s location, relying on UE’s location reporting to optimize the TN measurement configuration is not practically reliable from the network perspective. 
[bookmark: _Toc118131085][bookmark: _Toc118196555]Obtaining a precise UE location is challenging due to the privacy issue and user consent restriction, which makes it difficult for the network to configure properly a UE in the connected state to conduct the measurement on a TN frequency.
Therefore, it is beneficial if the same means that allow the RRC_IDLE/INACTIVE UE to know whether it is in an area where TN is also available is also available for the RRC_CONNECTED UE. In this way, we can save the burdens/efforts required in order to make UEs report their location, and also can avoid the risks of making inaccurate measurement configuration based on the coarse UE location information. 
[bookmark: _Toc127438664][bookmark: _Toc127540205]A UE in the connected state needs to know whether it is in an area only covered by NTN vs. in an area where TN is also available, using the same means as the UE uses in the idle/inactive state. 
Since the means should be applicable to all the RRC states including RRC_IDLE, RRC_INACTIVE, and RRC_CONNNECTED, we think the only appropriate place to provide such means is the system information. That is, the system information should provide the TN area information used by the UE in all RRC states to determine whether the UE is close to or within any TN area, and the TN area information can be placed together with the carrier frequency configuration in SIB2, SIB3, or SIB4. Even if the TN area information is signaled somewhere in the system information apart from SIB2, SIB3, or SIB4, we believe it is beneficial to associate each TN area information with one or more than one specific TN carrier frequencies, as it will facilitate UE to determine whether to conduct the measurement on the specific TN carrier frequencies or not. 
[bookmark: _Toc127438665][bookmark: _Toc127540206]The system information provides the TN area information used by the UE in all RRC states to determine whether the UE is close to or within any TN area, where the TN area information can be associated to one or more than one carrier frequencies. 
Regarding the contents of the TN area information, if it is detailed, we think at least it should contain a reference location of the TN area, which is typically the central coordinate of the TN area. The TN area information can also contain a coverage diameter or a coverage radius of the TN area, if the TN area is a circular region. With the reference location and the coverage diameter/radius, the UE can easily determine whether it is within or close to the TN area based on its GNSS coordinate.
[bookmark: _Toc127438666][bookmark: _Toc127540207]The detailed TN area information may contain a reference location of a TN area, and a coverage diameter or a coverage radius of the TN area.
If an RRC_CONNECTED UE detects itself being within or close to a TN area based on the TN area information provided in the system information, the UE can inform the network of such a situation by sending a dedicated RRC signaling or a new UL MAC CE indicating which TN area it is within or is close to. Then the network can react accordingly, such as configuring the UE to measure on the TN carrier frequency used in the TN area reported by the UE. The detailed signaling can be left to stage 3 work. 
[bookmark: _Toc127438667][bookmark: _Toc127540208]When a RRC_CONNECTED UE detects itself being within or close to a TN area, the UE informs the network of such a situation.
Alternatively (alternative to P4), if the network has configured the UE with a TN carrier frequency to be measure in a measurement object, the UE can determine by itself whether to conduct the measurement on that TN carrier frequency or not, based on whether the UE is within or close to the TN area(s) associated to that TN carrier frequency. The UE can find the association between the TN area(s) and the TN carrier frequencies in the system information. 
[bookmark: _Toc127438668][bookmark: _Toc127540209]When a RRC_CONNECTED UE detects itself being within or close to a TN area, the UE starts conducting the measurement on the carrier frequency associated to the TN area, based on the measurement object configuration.
Conclusions
In this paper, the unified means for enhancing the NTN-TN mobility for the UE in all RRC states are discussed, with the following observations being made. 
Observation 1	The UE in connected state has to continuously measure on a TN frequency as long as the UE is configured with the TN frequency in a measurement object, even if the UE is not close to any TN cell operating in that TN frequency.
Observation 2	Obtaining a precise UE location is challenging due to the privacy issue and user consent restriction, which makes it difficult for the network to configure properly a UE in the connected state to conduct the measurement on a TN frequency.
Based on the observations and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	A UE in the connected state needs to know whether it is in an area only covered by NTN vs. in an area where TN is also available, using the same means as the UE uses in the idle/inactive state.
Proposal 2	The system information provides the TN area information used by the UE in all RRC states to determine whether the UE is close to or within any TN area, where the TN area information can be associated to one or more than one carrier frequencies.
Proposal 3	The detailed TN area information may contain a reference location of a TN area, and a coverage diameter or a coverage radius of the TN area.
Proposal 4	When a RRC_CONNECTED UE detects itself being within or close to a TN area, the UE informs the network of such a situation.
Proposal 5	When a RRC_CONNECTED UE detects itself being within or close to a TN area, the UE starts conducting the measurement on the carrier frequency associated to the TN area, based on the measurement object configuration.
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