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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 with updated SID [3] has the objective of 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 this paper, we discuss the impact on HO delays due to the long propagation delays in NTN.

[bookmark: _Ref178064866]Discussion
A UE in connected mode is typically configured to measure and report the radio environment in its serving cell and neighboring cells. When the quality of the serving cell is below a certain threshold and the quality of a neighbor cell is above, the NW may instruct the UE to perform a Handover, HO, by sending a HO command to the UE which then drops the connection to the serving cell (source) and initiates access to the neighbor (target) cell. During the attach procedure to the target cell, which could include synchronization and the access attempt, the UE is interrupted from UL and DL transmission until the connection to the target cell is established. Reducing the interruption on UL and DL by introducing Make-Before-Brake, MBB, has been an important topic for many releases and is also currently studied for Rel16.  
On MBB for LTE/NR
In later LTE releases, the handover procedure has been optimized to allow the UE to keep its connection to the source cell until the actual access attempt is initiated, i.e. the UE may keep the connection with the source cell during time and frequency synchronization etc. and does not drop the source connection until when the random-access preamble is transmitted in the target cell. This allows for a decreased interruption time so that the UE can maintain data transaction for a longer period of time. When the UE, as part of the handover procedure, performs a first UL transmission to the target cell it will first release its connection to the source cell.

For Rel 16, there is an ongoing work item [4] to study a decrease of the interruption time by extending the time the UE is connected to the source cell even further when compared with earlier LTE releases. According to [5] and [6], to allow the UE to make use of the proposed solution of extending the connection to the source, it requires the UE to have some dual Rx/Tx capabilities since the UE should keep the source cell connection even when accessing and communicating with the target cell. 

These capabilities requirements can be seen in the following agreements that have been made.
At RAN2#105, the following two agreements were reached affecting the study on reduced handover interruption time:
Agreements
1	The UE ability to simultaneously receive and transmit to/from the source and target cells is to be considered in the study on NR mobility enhancements. 
2	We prioritize on intra-NR handovers in this WID. 

At the successive RAN2#105bis meeting, the following agreements were reached:
Agreement
The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios).
2	We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.

[bookmark: _Toc20908412][bookmark: _Toc20985746]Rel-16 Mobility Enhancement WI discussion on make before break assumes some dual Tx/Rx functionality for UEs.
[bookmark: _Hlk16587372]It has been argued to keep single Rx/Tx functionality even for EN-DC, at least for difficult band combinations where, for some cases, spectral emissions issues prevent the use of dual Tx, so it seems fair to assume that there will be UEs that are able to operate with only single Rx/Tx capability in some cases even in Rel 16 and onwards. With single Rx/Tx operation, the mobility enhancements by using MBB for Rel 16 [4] will not work and such a UE, in NTN, will suffer from very large interruption times at HO. 	Comment by Ericsson: Softened this language throughout the document a bit since it is not clear if there are necessarily UEs with only single Tx capability if they are dual connectivity capable. However, there are difficult band combinations where spectral emissions requirements may force the UE to operate with single Tx even when it is dual connectivity capable. I checked with Ravi and we are not sure if all dual connectivity supporting UEs need to be capable of dual Tx/Rx or not, but still it may be better to soften this language. This also broadens your point to apply even to UEs that have dual Rx/Tx but are forced to use single Rx/Tx in some cases.	Comment by Ericsson(Helka): Thanks!!!!
[bookmark: _Toc16588482][bookmark: _Toc20908413][bookmark: _Toc20985747]Not all future UEs will be capable of dual Rx/Tx transmissions in all cases.
[bookmark: _Toc16588483][bookmark: _Toc20908414][bookmark: _Toc20985748]NTN UEs operating with single Rx/Tx functionality will suffer from very large interruption times at HO.
On MBB for NTN
Existing mobility procedures have been designed for terrestrial networks where the round-trip/ propagation delay is restricted to be within one or a few milliseconds. For UEs in cells experiencing longer delays, e.g. such as UEs in a satellite communication system, the interruption time at HO is also proportional to the propagation delay. 

A UE connected to an NTN, e.g. a GEO satellite system, may experience an RTT around 550ms. When HO is instructed, the propagation delay will interrupt the data transmission of several RTTs before the connections are up and running with the target cell. For UEs connected to a LEO system the RTT is rather in the order of 10-20 milliseconds, depending on altitude, and the satellite visibility from a UE perspective can be in the order of minutes resulting in frequent HO between satellites even if the UE is stationary. Since each satellite is likely to serve more than one cell, the HO rate will increase even further. 
[bookmark: _Toc16509986][bookmark: _Toc16588484][bookmark: _Toc16509987][bookmark: _Toc16588485][bookmark: _Toc12519926][bookmark: _Toc12519989][bookmark: _Toc16509988][bookmark: _Toc16588486][bookmark: _Toc20908415][bookmark: _Toc20985749]HO in GEO NTN may require several RTTs before data in target cell can be transmitted which results in data interruptions in the order of seconds.	Comment by Ericsson: Maybe better to quantify this right here and say we will have HO delays in the order of multiple seconds?	Comment by Ericsson(Helka): added
[bookmark: _Toc16509989][bookmark: _Toc16588487][bookmark: _Toc20908416][bookmark: _Toc20985750]HO in LEO NTN will occur frequently even for stationary UEs.
[bookmark: _Hlk16586088]The existing HO mechanism will suffer from large interruptions when the propagation delay is larger than for a typical terrestrial network. The large propagation delays will lead to long interruption times to the NTN UE causing a degraded end user experience with reduced bitrates and service degradations. Future releases will reduce the interruption time for UEs capable of dual Rx/Tx but for UEs operating with single Rx/Tx the propagation delay will affect the HO interruption times significantly. 

During the interruption, the source cell may need to forward all incoming DL packets to the target cell which may increase the memory requirements on both the gateway and satellite. The same is also valid for the UL: the UE needs to buffer all data until the connection to the target cell is completed. This could impact the memory requirements in both UEs and network nodes in NTN in a negative way. 

Mobility in NTN should aim to minimize the interruption time for UEs operating in all environments. Enabling a UE to maintain the connection to the source cell during a handover to a target cell would allow for continued data reception/transmission in the source cell while the UE is not able to receive/transmit in the target cell due to long propagation delays. The use of the source cell connection may be limited to only some occasions, such as occasions when the UE is waiting for a response from the target cell, allowing the source cell connection to be maintained/used even by a UE without dual Rx/Tx capability. 

[bookmark: _GoBack]Perhaps, the most obvious way of minimizing the interruption time for a single Rx/Tx UE during HO is to allow the UE to maintain its connection to the source cell even after the HO command is received. Given the large RTT of the NTN, the source cell and the UE could maintain the connections during the first RTT, with a GAP (time window) to allow the UE to send the preamble to the target cell, and then continue UL/DL traffic until RTT milliseconds have elapsed from the time the UE received the HO command. 

Depending on the RACH procedure used for accessing the target cell, the UE could also be allowed to maintain the connection to the source cell after sending msg3 in the target cell, allowing for another period of RTT milliseconds to be used for UL/DL traffic in the source cell. This approach would efficiently reduce the interruption time. 

In appendix we present one possible solution for reducing interruption time for UEs operating with single Tx/Rx. We propose RAN2 to adopt the TP in TR.


[bookmark: _Toc20908442][bookmark: _Toc20985771]RAN2 to adopt the TP in appendix to be included in TR as one solution for reducing interruption time during HO.

Conclusion
We made the following observations:
Observation 1	Rel-16 Mobility Enhancement WI discussion on make before break assumes some dual Tx/Rx functionality for UEs.
Observation 2	Not all future UEs will be capable of dual Rx/Tx transmissions in all cases.
Observation 3	NTN UEs operating with single Rx/Tx functionality will suffer from very large interruption times at HO.
Observation 4	HO in GEO NTN may require several RTTs before data in target cell can be transmitted which results in data interruptions of multiple seconds.
Observation 5	HO in LEO NTN will occur frequently even for stationary UEs.

We propose the following:
Proposal 1	RAN2 to adopt the TP in appendix to be included in TR as one solution for reducing interruption time during HO.
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Appendix
___________________start of TP________________
[bookmark: _Toc9617104]7.3.2 	Connected mode mobility enhancements
7.3.2.x	Make Before Break for NTN
For Rel-16, there is an ongoing study, NR Mobility Enhancements, to decrease the interruption time for NR UEs with dual Rx/Tx capabilities. In the following we discuss Make-Before-Brake, MBB, solutions for UEs operating with single Rx/Tx in NTN. 
The existing HO mechanism will make UEs operating with single Rx/Tx suffer from large interruptions when the propagation delay is large. These long interruption times will cause a degraded end user experience with reduced bitrates and service degradations for UEs connected to NTN. 
An MBB solution should be developed for NTN to allow a UE operating with single Rx/Tx to extend the connection to the source cell to minimize the interruption time at HO. 
One solution is that when the UE receives the HO command, it may stop monitoring PDCCH of the source cell and send the preamble in the target cell. After that the UE will return to the source cell and monitor the PDCCH for UL grants and DL assignments. When the ra-ResponseWindow starts, the UE should return to the target cell and monitor the PDCCH to be able to receive the RAR. The source cell refrains from scheduling the UE during the times the UE communicates with the target cell.
This could then be further extended to when the UE sends its Msg3, either for CFRA or for CBRA, i.e. the UE would return to the source cell, after sending the Msg3 in the target cell, to continue UL and DL transmissions and return to the target cell when e.g. the ra-ContentionResolutionTimer starts.
Details on signaling on how to do this in a synchronized manner between the source node and UE can be decided when specifications are developed.
__________________end of TP_________________
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