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Introduction
In the last RAN2 meeting, it’s a pity that we didn’t have time to discuss the specific mobility issues of connected mode online or via email. Fortunately, through our efforts, we finally reached an agreement on the priority of the connected mode on the work plan, that is, the discussion of enhancements for connected mode is also the first priority[1].
9.	The work plan should be based on the following prioritization principles:
	-	1st priority: user plane, control plane (idle and connected)
	-	2nd priority: NTN-TN service continuity, network based UE location
And according to the email discussion about connected mode[2], many potential conclusions are provided as follows:
	Proposal 1: Reconfiguration with sync shall be used for connected mode mobility (at least) for the following scenarios (the use of legacy RLF and re-establishment mechanism are not excluded):
· Scenario 4: Connected mode mobility for earth moving cell when the cell no longer serves the UE
· Scenario 5: Connected mode mobility for both earth moving and earth fixed cell due to UE movement
Proposal 2.1: The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 shall be considered as baseline. 
Proposal 2.2: NTN specific CHO execution condition should be introduced.
Proposal 2.3a: location based CHO execution condition should be introduce for both moving cell and fixed cell scenario.
Proposal 4: The existing measurement framework (e.g. measurement configuration, execution and reporting) shall be considered as a baseline, and all the existing measurement criteria and event can be used in NTN.
Proposal 5.1: Permission from UE is needed for the network to collect the UE location information for the purpose other than SON/MDT. If the UE location information is collected for other purpose, the UE consent for SON/MDT cannot be reused and a similar but independent procedure for permission should be considered.
Proposal 6.1: The Location-based measurement event should be supported in NTN for both moving cell and fixed cell scenario.
Proposal 7.1: Some enhancement is needed in SMTC and measurement gap configuration, taken into consideration the propagation delay difference in NTN.
Proposal 7.2: SSB period other than 5ms shall be supported in NTN.

3.2 List of proposals to be discussed
Proposal 2.3b: Timer based CHO execution condition should be introduced for moving cell scenario.
Proposal 3.1: From RAN2’s perspective, RACH-less HO should be introduced in NTN. An LS should be sent to RAN1 to confirm the feasibility of RACH-less HO in NTN.
Proposal 3.2a: DAPS HO for NTN is de-prioritized in this release.
Proposal 5.2: The location information report should be supported in NTN for the purpose other than SON/MDT.
Proposal 6.2a: For moving cell scenario, a relative area scope expressed as the distance between UE and satellite or cell center will be configured and measurement report will be triggered when UE moves out of or moves in the area scope configured.
Proposal 6.2b: For fixed cell scenario, an absolute area scope will be configured and measurement report will be triggered when UE moves out of or moves in the area scope configured. 



In this contribution, we intend to discuss on left issues of the mobility enhancements for connected mode in NTN furtherly. 
Discussion
[bookmark: _Hlk41985036]In NTN system, the communication distance is so long that the propagation delay is inevitably much larger than the terrestrial network. Moreover, the speed of satellites is too high relative to the earth, especially LEO. Both the two challenges are very unfriendly to the traditional handover procedure. Because, legacy handover mechanism requires a large amount of signaling interaction among UE, source gNB, and target gNB. For NTN, the high-speed movement of the satellites(e.g. LEO) will obviously lead to frequent HO in a short time.
Furthermore, the coverage of the satellites is much larger than the terrestrial network resulting in a very large number of UEs in a single satellite cell, which will make the handover procedure more difficult besides the challenges mentioned above.
For the frequent HO in a short time with a large number of UEs, some signaling and information that are common to all the UEs can be notified to the UEs through broadcast as studied in SI. Whereas, the common signaling and information that can be extracted may be relatively limited. There are still much UE-specific signaling and information that need to be interaction among UE, source gNB, and target gNB, therefore, this solution may be needed to further discuss its gains.
Observation 1: For NTN system with high propagation delay, high-speed movement of the satellites(e.g. LEO), and potential multiple UEs demanding performing HO , the mobility enhancements solutions are needed to be designed urgently. 
Proposal 1: The solution that broadcast handover signaling and information common to all the UEs may need to further evaluate the overhead due to the limited common signaling and information that can be extracted.
In terrestrial network, the near-far effect is the main factor for RSRP measurement, which has a significant difference between cell edge and cell center. However, this effect is no longer obvious in NTN due to the long distance from the satellite to the ground, leading to that UE may be difficult to handover to a better cell by relying on measurement events.  
As described in TR38.821 and the connected mode aspects email [2], conditional handover with some enhancements could be studied for NTN system. In addition to measurement-based trigger, time(r)-based trigger, location(UE and satellite)-based trigger, TA value-based trigger, and elevation angles-based trigger, these methods can be considered independently or jointly. In our understanding, condition1 (Location-based execution condition) is helpful for both moving beam scenario and fixed beam scenario, which tends to converge. Regarding the moving beam scenario, about half of the companies also prefer condition2 (Timer based execution condition), the current CHO mechanism combines UTC timing included in SIB9 or a new timer may be also more effective.

Proposal2: For the moving beam scenario, it is proposed to employ the current CHO mechanism combining UTC timing included in SIB9 or a new timer.
For Q5.2(Whether the location information report should be supported in NTN for the purpose other than SON/MDT?) in[2], it is marked as “to be discussed” because the views are diverse and supporters and opponents are almost half to half.  Firstly, UE location is benefit for NTN mobility enhancements, at least for HO decision at NW side. Furthermore, as we know, in R15 LTE UAVs WID, the flight path information had been introduced for mobility. Therefore, for NTN, UE location information may also considered to be supported.
Proposal3: For NTN system, UE location information could be also considered to be supported, which is very helpful for the HO decision at least.
Conclusion
Based on the discussions mentioned above, in this contribution we provide some discussions on the mobility enhancements for connected mode in NTN and have the following observations and proposals:
Observation 1: For NTN system with high propagation delay, high-speed movement of the satellites(e.g. LEO), and potential multiple UEs demanding performing HO , the mobility enhancements solutions are needed to be designed urgently. 
Proposal 1: The solution that broadcast handover signaling and information common to all the UEs may need to further evaluate the overhead due to the limited common signaling and information that can be extracted.
[bookmark: _GoBack]Proposal2: For the moving beam scenario, it is proposed to employ the current CHO mechanism combining UTC timing included in SIB9 or a new timer.
Proposal3: For NTN system, UE location information could be also considered to be supported, which is very helpful for the HO decision at least. 
Reference
[bookmark: _In-sequence_SDU_delivery][1] RAN2-111e - R16 eMIMO-CLI-PRN-RACS - R17 NTN-REDCAP (Sergio)_2020-08-28_final.
[2] Report of [Post111-e] [911] [NTN] Connected mode aspects (ZTE).
	3/3	
