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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The new study item that had update SID [3] has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Dual connectivity [RAN3 aspects] involving
· NTN-based NG-RAN (Transparent GEO or LEO satellites) and terrestrial based NG-RAN access: Xn terminated on the ground
· or two NTN-based NG-RAN access (between Regenerative LEO satellites): Xn over ISL

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.



In RAN2#104bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 


In RAN2#105, the following is agreed for mobility:


Agreements:
1.	Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  
2.   Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  
3.	Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)
4.	Consider Rel-15 definitions as a baseline for NTN
5.	Both option a and b can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both option. 



In the email discussion 105#52 (NR-NTN) TP on RAN2 agreements, the following editor’s note was suggested for the TR:

Editor’s note: It is agreed that UE location and satellite ephemeris information would be beneficial

In RAN2#105bis, the following was agreed:

Agreements:
1. NTN should support both, UEs supporting GNSS based positioning methods and UE not supporting GNSS based positioning methods.
2. The use of satellite ephemeris, time and UE location can be used in the RAN for mobility purposes in NTN

In this paper we discuss the location related reporting.
[bookmark: _Ref178064866]Discussion
GEO deployment radio environment
To get an understanding how mobility would function for satellites we need to get an understanding how the radio environment behaves for a GEO satellite deployment. To illustrate this a simple simulation using antenna beam pattern and pathloss (from [2]) was done using the following parameters:
· Cell radius: 250 km
· ka = 300 (parameter to focus the antenna beam pattern from [2])
· Elevation angle of 90 degrees
· All UEs are LoS
· The satellite beams are generated from the same satellite
In Figure 3 the RSRP is shown for one example UE. The UE starts close to the center of one satellite beam (cell 1, red) and moves towards the center of another beam (cell 2, blue). The movement of the UE, and the locations of the beam centers can be found the appendix. In this case the shadow fading is not included which is motivated by the fact that the shadow fading for these satellite beams would be correlated since they come from the same satellite.
[image: ]
Figure 3. The RSRP trace of a UE moving through a grid of satellite beams/cells.
If each satellite beam is a cell, what can be observed in Figure 3 is that the RSRP of the serving and neighbouring satellite beams are very much different from the terrestrial case, since the distance needed to travel until a new cell is stronger is much larger. For instance, the difference between middle of the cell and the edge of the cell is not much more than 1 dB, when shadowing effects are not included.
[bookmark: _Toc1049785][bookmark: _Toc1066109][bookmark: _Toc1066181][bookmark: _Toc4631909][bookmark: _Toc7285195][bookmark: _Toc7716167]The distance needed to change the signal power noticeably in a GEO satellite network is very large compared to terrestrial case.
Another observation is that the serving cell path gain and neighbouring cell path gain are within 0.5 dB difference for a distance that can be on the order of several 10s of kms apart. 
[bookmark: _Toc4631910][bookmark: _Toc7285196][bookmark: _Toc7716168]The RSRP of serving and neighbouring cells are within 0.5 dB within each other for a very large distance.


Location information of UE at RAN
Ping-pong handovers can be especially harmful in NTN due to the long service interruption times compared to the terrestrial case. In case the network is aware of the geographical location of a UE, it can decide not to do unnecessary HOs even if the reported RSRP values would suggest so, as long as the serving cell quality is reasonable. Further, there may be regulatory aspects requiring for the network to know in which country the UE to be served is located. If the satellite beam, which may be one NR cell, spans across countries, the network may need to be aware of the UE location within a cell. In the TR the following is captured:
8.6	User Location
A non-terrestrial network may provide global, or multi-country coverage. This imposes new challenges as compared to the terrestrial networks. For example, different policies may apply in different countries. The policies are enforced while the UE is in RRC CONNECTED mode. 
The coverage area of one satellite beam may cover (parts of or) more than one country at times, while the satellite field of view may be larger than a country.
The User Location Information, i.e. NTN cell id, may not provide sufficient accuracy to the network to ensure that the right, country-specific policies can be applied. A more accurate UE location determination scheme for RRC CONNECTED UE may be needed to enforce country-specific policies.

From this it can be seen that location knowledge is important for connected mode operation. Further, as discussed in [4], it is observed that HO ping pong rate can be reduced with location reporting.

1. [bookmark: _Toc4631913][bookmark: _Toc7285197][bookmark: _Toc7716169]Location knowledge is important for connected mode operation in order to know on which country/geographical area UE is when served and in order to reduce HO ping pong rate.

Positioning in NR networks is a separate study/work item in 3GPP Release16 [5]. In general, depending on the network positioning architecture option, it may be possible to know the UE location at the gNB. However, current LTE or Release 15 NR positioning architecture does not support the computation of UE location at gNB. Also, the current study has allocated 0.5 TUs for RAN3 to study in August, October and November meetings as a consequence of not finding consensus for normative work for local LMF and LCS client within NG-RAN.
1. [bookmark: _Toc7285198][bookmark: _Toc7716170]Current LTE or Release 15 NR positioning architecture does not support the computation of UE location at gNB.
1. [bookmark: _Toc7716171]In Release 16, there will be no normative work for an architecture option allowing local LMF and LCS clients within NG-RAN.

UE location can also be reported to network by the UE. In LTE, piggybacking location information in RSRP based reporting is supported depending on UE capability and whether location information is available at the UE. Similar approach is likely applied for NR as well.

1. [bookmark: _Toc7285199][bookmark: _Toc7716172]In LTE, piggybacking location information in RSRP based reporting is supported depending on UE capability and whether location information is available at the UE. Similar approach is likely applied for NR as well.

From NTN perspective, this means that if the network is primarily interested in the UE location, sending too frequent RSRP/RSRQ measurements, e.g. in periodical reports, increases the uplink traffic amount. In order for the network to receive the UE location when UE approaches the presumed cell edge, the triggering of sending the location information to network needs to also be based on UE location. The triggering could depend only on UE location versus a reference location, or it could be an event that considers a combination of RSRP/RSRQ and a location. Applying a triggering condition based on UE location also enables the network to configure the UE such that the sending of RSRP reports in uplink happens only when the UE is geographically on cell edge. 

1. [bookmark: _Toc528870134][bookmark: _Toc528870085][bookmark: _Toc528593873][bookmark: _Toc525848431][bookmark: _Toc889303][bookmark: _Toc1031305][bookmark: _Toc1064161][bookmark: _Toc4631911][bookmark: _Toc7285200][bookmark: _Toc7716173]If NR NTN supports piggybacking location information in RSRP/RSRQ based reporting, the network would get to know UE location when those measurements are triggered.
1. [bookmark: _Toc528870135][bookmark: _Toc528870086][bookmark: _Toc528593874][bookmark: _Toc525848432][bookmark: _Toc889304][bookmark: _Toc1031306][bookmark: _Toc1064162][bookmark: _Toc4631912][bookmark: _Toc7285201][bookmark: _Toc7716174]If the network is primarily interested in UE location, sending always also RSRP/RSRQ measurements e.g. in periodical reports increases the UL traffic amount.

In order for the network to receive UE location for example when UE approaches the presumed cell edge, the triggering of the measurement report needs to consider the UE location. The triggering could depend only on UE location versus a reference location, or it could be an event that considers a combination of RSRP/RSRQ and a location. This also limits the sending of RSRP reports in UL only when the UE is really on cell edge. This could be achieved also by conditioning a reporting configuration to a reference location, e.g. distance from a configured cell/beam center.
In appendix, we provide a TP to capture the observations presented in this paper. We propose to adopt the TP to TR as the observations are in line with what is already captured in the TR.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc528870202][bookmark: _Toc889306][bookmark: _Toc1031303][bookmark: _Toc1064164][bookmark: _Toc4631915][bookmark: _Toc7285203][bookmark: _Toc7716176]RAN2 to study the benefits of conditioning the triggering of measurement results on UE location.
Location reporting accuracy for NTN
A periodic report of location data estimated with GNSS or a non-GNSS method can cause heavy signaling load to the network, and the expected low uplink data rates in NTN make a design with frequent high-resolution location reporting unfeasible. In particular, uplink reporting for NTN is challenging since UEs are more power limited in comparison to the satellite transmit power. In order to limit the reporting overhead due to fine resolution of location expression, one alternative is to define a set of reference locations. For example, for LEO, these could be derived using the ephemeris data. One coarse example is illustrated in the figure below, where the UE reports which reference location it is closest to (ref. location1-4). The closest location report can be interpreted visually as that the network knows what hexagon the UE is inside. Longitude
Latitude
Ref. location 1
Ref. location 2
Ref. location 3
Ref. location 4




1. [bookmark: _Toc889305][bookmark: _Toc1031307][bookmark: _Toc1064163][bookmark: _Toc4631914][bookmark: _Toc7285202][bookmark: _Toc7716175]Frequent location reporting with fine resolution can potentially cause a lot of UL overhead.

[bookmark: _Toc889307][bookmark: _Toc1031304][bookmark: _Toc1064165][bookmark: _Toc4631916][bookmark: _Toc7285204][bookmark: _Toc7716177]RAN2 to study coarse location reporting.

Conclusion
We made the following observations:
Observation 1	The distance needed to change the signal power noticeably in a GEO satellite network is very large compared to terrestrial case.
Observation 2	The RSRP of serving and neighbouring cells are within 0.5 dB within each other for a very large distance.
Observation 1	Location knowledge is important for connected mode operation in order to know on which country/geographical area UE is when served and in order to reduce HO ping pong rate.
Observation 2	Current LTE or Release 15 NR positioning architecture does not support the computation of UE location at gNB.
Observation 3	In Release 16, there will be no normative work for an architecture option allowing local LMF and LCS cliets within NG-RAN.
Observation 4	In LTE, piggybacking location information in RSRP based reporting is supported depending on UE capability and whether location information is available at the UE. Similar approach is likely applied for NR as well.
Observation 5	If NR NTN supports piggybacking location information in RSRP/RSRQ based reporting, the network would get to know UE location when those measurements are triggered.
Observation 6	If the network is primarily interested in UE location, sending always also RSRP/RSRQ measurements e.g. in periodical reports increases the UL traffic amount.
Observation 7	Frequent location reporting with fine resolution can potentially cause a lot of UL overhead.

We propose the following:
Proposal 1	RAN2 to study the benefits of conditioning the triggering of measurement results on UE location.
Proposal 2	RAN2 to study coarse location reporting.
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Appendix
Movement of UE through the cell grid
The UE moves through cell in the pattern seen in Figure 4. The x-marks denote the centers where the antenna beam-patterns are pointing towards.
[image: ]
Figure 4. UE movement in simulation


--------------------------start of TP-----------------------------
7.3.2 	Connected mode mobility enhancements
7.3.2.x RRM enhancements for UEs with GNSS support
By piggybacking location information in RSRP/RSRQ based reporting, the network receives information on UE location when those measurements are triggered, whether event based or periodically. If the network is primarily interested in UE location, sending always also RSRP/RSRQ measurements e.g. in periodical reports increases the UL traffic amount.
In order for the network to receive UE location for example when UE approaches the presumed cell edge, the triggering of the measurement report needs to consider the UE location. The triggering could depend only on UE location versus a reference location, or it could be an event that considers a combination of RSRP/RSRQ and a location. This also limits the sending of RSRP reports in UL only when the UE is really on cell edge. This could be achieved also by conditioning a reporting configuration to a reference location, e.g distance from the cell center.

-------------------------------end of TP-------------------------------
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