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1. Introduction
During e-mail discussion [106#73] [NR/NTN] Mobility issues and solutions [1], the issues and potential solutions on mobility in NTN have been addressed. In this contribution, we share some further consideration on the conditional triggering of measurement reporting and how to reduce the signaling overhead and latency during handover.
2. Discussion
· Conditional triggering of measurement reporting
As suggested by a lot of companies, the triggering of measurement reporting can be based on UE location. This may be based on UE location vs a reference location, or a combination of location and RSRP/RSRQ. Since the TA is earth fixed, a TAI can be used to identify a geographical area. A TAI list can be configured to UE as a reference location and measurement report can then be triggered when UE moves out of this TAI list. 
Proposal 1: For the case when the TA is earth fixed, a TAI list can be configured to UE as a reference location and measurement report can then be triggered when UE moves out of this TAI list. 
· Reducing the signaling overhead during HO in NTN
Although there are a lot of possible configurations which can be provided to UE via handover command, several typical configurations are usually applied in implementation. In order to reduce the signaling over head during HO in NTN, a list of typical or default configurations can be provided in system information and each configuration in the list is linked to an index. During handover, the index can be provided via handover command. If network wants to provide another configuration which is different from all the default configurations provided in system information, an index linked to a default configuration which is close to the desired configuration along with the delta configuration instead of a full set of configuration can be provided to UE via handover command, which can also save the signaling overhead to some extent.
Proposal 2: A list of typical or default configurations can be provided in system information and each configuration in the list is linked to an index. During handover, the index with or without delta configuration can be provided to UE via handover command. 
· Reducing the latency during HO in NTN
During the e-mail discussion, both the RACH-less HO and 2-step RACH have been identified as potential solutions to reduce latency and HO interruption time in NTN.
However, RACH less HO can only be applied to the case when the there is no TA needed in the target cell which is not possible in NTN due to the large cell size. Although some companies raised that UE can estimate the required TA value of the target cell based on the satellite ephemeris and UE location, but the feasibility of such TA estimation has been questioned in RAN1 and e-mail discussion [106#70][NRNTN] RACH capacity procedure [2] due to the large propagation delay and possible uncertainties in satellite/UE position.
While 2-step RACH, especially 2-step RACH with CFRA, is obviously beneficial in reducing the signaling latency. Since the latency issue in NTN is quite severe especially for GEO, we would suggest to study 2-step RACH with CFRA in NTN to reduce the mobility interruption time to the most extent.
Proposal 3: 2-step RACH with CFRA should be studied in NTN to reduce the mobility interruption time to the most extent.
Proposal 4: Agree the text proposal.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: For the case when the TA is earth fixed, a TAI list can be configured to UE as a reference location and measurement report can then be triggered when UE moves out of this TAI list. 
Proposal 2: A list of typical or default configurations can be provided in system information and each configuration in the list is linked to an index. During handover, the index with or without delta configuration can be provided to UE via handover command. 
Proposal 3: 2-step RACH with CFRA should be studied in NTN to reduce the mobility interruption time to the most extent.
Proposal 4: Agree the text proposal.
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5. Text proposal
---------------------------------------------------------- start of TP--------------------------------------------------------
X.X.X Mobility Enhancements for Non-Terrestrial Networks
X.X.X.X Enhancements to Measurement Reporting
-Conditional triggering of measurement reporting: The triggering of measurement reporting can be based on UE location. This may be based on UE location vs a reference location, or a combination of location and RSRP/RSRQ. For the case when the TA is earth fixed, a TAI list can be configured to UE as a reference location and measurement report can then be triggered when UE moves out of this TAI list.
-Inclusion of location information in the measurement report: Location information may be piggy backed onto the measurement report to provide the network additional information when determining whether to HO. FFS: the impact to signaling overhead, and any potential privacy concerns with regards to transmission of the UE location information.
Partly omitted
X.X.X.X Mobility Configuration
· Broadcast configuration: HO configuration (e.g. T304 and spCellConfigCommon) can be broadcast, possibly via SIB or MBMS/SC-PTM. Although some mobility information common to all UEs may be broadcast, further evaluation on impact to signalling overhead is required given HO command is UE specific and requires dedicated signalling. A list of typical or default configurations can be provided in system information and each configuration in the list is linked to an index. During handover, the index with or without delta configuration can be provided to UE via handover command.
Partly omitted
X.X.X.X Random Access Enhancements
· RACH back-off indication:  A back-off indication may be provided in the HO command message, with back-off achieved via random number generation within an interval, or via explicit setting of different back-off indications in the RACH sync reconfiguration message.
· RACH-less HO: Based on satellite ephemeris and UE location, the UE can estimate the required TA value of the target gNB enabling the UE to perform RACH-less handover. FFS the feasibility of this solution given the large propagation delay and possible uncertainties in satellite/UE position.
· 2-step RACH: The agreements of the 2-step RACH WI will be used as baseline, and further enhancements for NTN may be considered. 2-step RACH with CFRA should be studied in NTN to reduce the mobility interruption time to the most extent.
Partly omitted
[bookmark: _Toc9617091]7.2.1 	MAC
Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure
Editor’s note: Discussion on 2-step RACH will be postponed until the procedures are more stable
Editor’s note: Both options (enhancing HARQ and disabling HARQ) will be studied
[bookmark: _Toc9617092]7.2.1.1	Random Access
7.2.1.1.1		4-Step RACH Procedure
Problem Statement
After transmitting the Random Access Preamble (Msg1), the UE monitors the PDCCH for the Random Access Response (RAR) message (Msg2). The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission. If no valid response is received during the ra-ResponseWindow, a new preamble is sent. If more than a certain number of preambles have been sent, a random access problem will be indicated to upper layers. [TS 38.321] 
In terrestrial communications, the RAR is expected to be received by the UE within a few milliseconds after having sent the preamble. In NTN the propagation delay is much larger and therefore, the RAR cannot be reached at the UE within the specified time interval. Therefore, the behavior of ra-ResponseWindow should be modified to support NTN.
Possible Solution
Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.
Editor’s note: RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is necessary to support NTN.

Problem Statement
When the UE sends an RRC Connection Request (Msg3), it will monitor for Msg4 in order to resolve a possible random-access contention. The ra-ContentionResolutionTimer starts after Msg3 transmission. The maximum configurable value of ra-ContentionResolutionTimer is large enough to cover the RTD in NTN. However, to save UE power, the behavior of ra-ContentionResolutionTimer should be modified to support NTN.
Possible Solution
Introduce an offset for the start of the ra-ContentionResolutionTimer for NTN.

7.2.1.1.2		2-Step RACH Procedure
Editor’s note: 2-step RACH in general can be beneficial for NTN and can be studied after the Rel-16 WI on 2-step RACH has progressed
2-step RACH with CFRA should be studied in NTN to reduce the mobility interruption time.
---------------------------------------------------------- end of TP----------------------------------------------------------




