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1. Introduction
In RAN#86 meeting, the NTN WID was approved and the final version of WID scope was agreed in [1]. In this contribution, we’d like to give our initial consideration for idle and inactive mode in NTN system.
1. Mobility issue for connected mode in NTN system
As an outcome of R16 NTN SI, the following objectives are identified for further study in R17 NTN WID [1]:
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].
The satellite is moving in a predictable path, UE speed can be ignored compared to LEO speed, during SI phase, nearly all companies think UE location info and satellite Ephemeris info can be used by network to control UE connected mode mobility, but the details should be study further, at least the following issues may need further clarification:
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15]Issue1: How network side gets UE location info and satellite Ephemeris info in NTN system?
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Issue2: Whether any enhancement is needed for measurement initiation for RRC connected in NTN system?
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Issue3: Which use case may suffer from absolute propagation delay difference between satellites during measurement execution for RRC connected in NTN system?
Issue4: How to balance HO signaling overhead and hand-over robustness?
2.1 UE location info and satellite Ephemeris info acquisition in network side 
For UE location info acquisition requirements in network side, some guidance is given in the WID scope [1]:
Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]
From RAN2 perspective, it’s still not clear whether the network can only get UE location info from network location server or whether the UE can also report its available location info to the network side by RRC signaling.
In our understanding, both methods should be supported to let network obtain UE location info by best effort for HO robustness.
Proposal 1: The network can get UE location info by the following way:
Method 1: The network may request the UE to report its available location info by RRC signaling. FFS: the details and how to solve the UE privacy concern.
Method 2: The network may request the location server to provide UE location info. FFS: any impact for the existing Location Services (LCS) application protocols.
Satellite Ephemeris is useful for network HO decision procedure, so the next question is that how network side can get satellite Ephemeris data. We think the answer is subject to RAN3, but from RAN2 perspective, we slightly prefer the network side gets satellite Ephemeris data via non-3GPP way.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 2: How network side can get satellite Ephemeris data is up to RAN3 to decide, there is no RAN2 spec impact.
2.2 Measurement initiation condition for RRC connected in NTN system
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In [2], we think any RAN2 measurement initiation method enhancement is not subject to whether RAN4 will define NTN specific measurement accuracy requirements, so we suggest solving this issue in RAN2. 
Proposal 3: Threshold based measurement initiation method in TN system is not suitable for NTN scenario, two options can be considered to enhance it in R17 NTN WI.
Option1: UE can use UE location info and satellite Ephemeris info to trigger the neighbor cell measurements in NTN system.
Option2: UE periodicity executes neighbor cell measurements in NTN system.
2.3 Use case and solution clarification considering absolute propagation delay difference between satellites
The situation on propagation delay difference in NTN system is quite different than that in TN system. To simplify the analysis, we illustrate the issue in Figure 1:


Figure 1Two different service links for transparent payloads scenario (C2) in NTN system
In Figure 1, G represents the location of NTN gateway and the location of satellites is marked by S1 and S2, while U represents the location of UE. Assume UE is in the coverage overlapping area between satellite S1 and satellite S2, the current serving satellite is S1. Due to the moving of satellite, UE should do measurement of the neighbour cell to control its mobility, e.g. cell reselection or HO. LUS1G represents the length of service link 1 which consists of user link LUS1 and feeder link LS1G, while LUS2G represents the length of service link 2 which consists of user link LUS2 and feeder link LS2G. 
The length difference between LUS1G and LUS2G may be quite huge, e.g. about 0~serval hundreds of kilometres for LEO and 0~serval thousands of kilometres for GEO. 
For connected mode UEs, even if the SMTC configurations of the neighbour cells generated by satellite S2 are configured to UE, UE may still miss the SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between tUS1G and tUS2G. To simplify the analysis, we give the time sequence diagram from gateway side and UE side which can directly reflect the issue:
[image: C:\Users\fanjiangsheng\Desktop\16 中国重庆\会前输入\自己文稿\NTN\捕获1.PNG]
Figure 2 Time sequence diagram from gateway side and UE side
In Figure 2, signal delay 1 is tUS1G and signal delay 2 is tUS2G.  From the view of gateway, UE can measure the whole SSB window of gNB2 within the measurement window configured by gNB1. But from the view of UE, due to the time difference between delay 1 and delay 2, the SSB window of gNB2 can’t be wholly covered by the measurement window configured by gNB1, which means the UE may miss the reference signal of gNB2 even if using the whole measurement window configured by gNB1.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Observation 1: For connected mode UEs in NTN system, UE may miss the network configured SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between satellites.
More addition, the propagation delay difference between tUS1G and tUS2G is changing along with the moving of satellites. Even if the gateway sometimes knows the location of UEs and may compensate the propagation delay difference between tUS1G and tUS2G when configuring the measurement window to UE, but the measurement window configured by gNB1 is not changed along with the moving of satellites. As time goes by, the configured measurement window may still miss the actual SSB window of gNB2 as the actual SSB window is moving in UE side.
For regenerative payloads scenario, the situation is almost the same. Maybe the propagation delay difference between satellites is not bigger than that in transparent payloads scenario, but the impact is still serious than TN system. Based on the WID scope, only transparent payloads scenario is considered. But for future proof, we slightly prefer a common solution to cover both transparent payloads scenario and regenerative payloads scenario.
Proposal 4: For future proof, a common solution should be designed to cover both transparent payloads scenario and regenerative payloads scenario when considering enhancement to existing measurement configurations to address absolute propagation delay difference between satellites.
To solve this issue, two solutions are recommended:
Solution1: The network should compensate UE measurement window per UE by dedicated signalling, the details are FFS.
[bookmark: OLE_LINK13]Solution2: The network should compensate measurement window by system information, the details are FFS.
Proposal 5: To enhance the existing measurement configurations to address absolute propagation delay difference between satellites, the following solutions are recommended:
Solution1: The network should compensate UE measurement window itself considering absolute propagation delay difference between satellites, e.g. the impact caused by absolute propagation delay difference between satellites is invisible to UE.
Solution2: SMTC compensation assistant info should be provided to UE along with legacy SMTC configuration. FFS: which type of SMTC compensation assistant info is needed.
2.4 Initial consideration for HO signaling overhead and hand-over robustness
Regarding to the service continuity within the NTN system, it can be further classified into three cases: intra-satellite HO, inter-satellite intra-gateway HO, inter-gateway HO. The first two cases have no impact on the network interface, while the third one has. So RAN2 can prioritize the study on the first two cases. The study on the third case can be pending for RAN3 input.
[bookmark: _Ref46309528]Proposal 6: From RAN2 perspective, intra-satellite HO and inter-satellite intra-gateway HO can be studied first, and inter-gateway HO can be pending for RAN3 input.
CHO feature is introduced in R16 and this function is beneficial for UE mobility robustness and can also be used by the network side to avoid HO all UEs in a satellite cell within a small duration.
Proposal 7: Both legacy HO and conditional HO procedure can be supported in NTN system. 
Considering the large propagation delay in NTN system, 2-step RACH procedure is beneficial for UE to fast access the satellite cell. And both CFRA and CBRA based 2-step RACH procedure should be supported in NTN system.
Proposal 8: Both CFRA and CBRA based 2-step RACH procedure can be supported in NTN system.
1. Conclusion
In conclusion, we propose the followings:
Proposal 1: The network can get UE location info by the following way:
Method 1: The network may request the UE to report its available location info by RRC signaling. FFS: the details and how to solve the UE privacy concern.
Method 2: The network may request the location server to provide UE location info. FFS: any impact for the existing Location Services (LCS) application protocols.
Proposal 2: How network side can get satellite Ephemeris data is up to RAN3 to decide, there is no RAN2 spec impact.
Proposal 3: Threshold based measurement initiation method in TN system is not suitable for NTN scenario, two options can be considered to enhance it in R17 NTN WI.
Option1: UE can use UE location info and satellite Ephemeris info to trigger the neighbor cell measurements in NTN system.
Option2: UE periodicity executes neighbor cell measurements in NTN system.
Observation 1: For connected mode UEs in NTN system, UE may miss the network configured SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between satellites.
Proposal 4: For future proof, a common solution should be designed to cover both transparent payloads scenario and regenerative payloads scenario when considering enhancement to existing measurement configurations to address absolute propagation delay difference between satellites.
Proposal 5: To enhance the existing measurement configurations to address absolute propagation delay difference between satellites, the following solutions are recommended:
Solution1: The network should compensate UE measurement window itself considering absolute propagation delay difference between satellites, e.g. the impact caused by absolute propagation delay difference between satellites is invisible to UE.
[bookmark: _GoBack]Solution2: SMTC compensation assistant info should be provided to UE along with legacy SMTC configuration. FFS: which type of SMTC compensation assistant info is needed.
Proposal 6: From RAN2 perspective, intra-satellite HO and inter-satellite intra-gateway HO can be studied first, and inter-gateway HO can be pending for RAN3 input.
Proposal 7: Both legacy HO and conditional HO procedure can be supported in NTN system. 
Proposal 8: Both CFRA and CBRA based 2-step RACH procedure can be supported in NTN system.
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