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1 Introduction

In RAN2#111 e-meeting, the following agreements were reached [1]:
Agreements:

1. RAN2 stick to WI scenarios: Any restriction, e.g. on the LEO altitude (if needed) could come from other groups. 

2. From RAN2 perspective, the table 4.2-2 of [TR 38.821] is used as a baseline for the normative work, with the removal of the regenerative payload option.
3. (as the WI is restricted to transparent payload) we assume that the feeder link will use NR (how the satellite is controlled is out of the scope of the WI)

4. RAN2 confirms the assumptions on the UE ground speed in the handheld and VSAT cases

5. In Rel-17, only UEs with GNSS capabilities are supported

6. Both Earth fixed and earth moving beam scenarios are considered with NGSO constellation.

Agreements via email - from offline 105:

1. Both soft and hard feeder link switchover (e.g. for Non GSO) are supported.


Note: This requires satellite to be connected to one NTN GW at a time (hard switch) or at least two NTN GWs simultaneously (soft switch).

2. RAN2 to start discussing enhancements for soft feeder link switchover and then solutions for hard feeder link switchover. 

3.
As part of the NR-NTN WI, the following stepped approach is proposed:


-
Step 1: Assessment of the Rel-16 LCS framework/application protocols (3GPP TS 23.273, TS 29.572, TS 38.455, TS 38.305, in particular but not excluding other TS) and its applicability to NTN


-
Step 2: Assess whether changes to the existing network-based location methods are needed and define them if needed

4.
The NTN network based positioning of UE should provide an accuracy comparable with the network based UE location accuracy of terrestrial networks.

5.
For TN/NTN mobility, the UE is not required to connect to both TN and NTN at the same time. 

6.
RAN2 to discuss about trigger(s) of TN / NTN mobility, once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).

7.
Transparent HAPS is assumed with the IMT BS on the ground and the HAPS is a relay.

8.
The RAN2 work plan described in R2-2007565 should be considered as a basis for work 

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

In this contribution, we will discuss some issues on service link/feeder link switch in NTN and provide some suggestions.
2 Discussion
2.1 Service link hand over configuration
During the SI, the mobility challenges were discussed and one of the challenges is as following [2]:
Considering the large cell size of non-terrestrial networks, many devices may be served within a single cell. Depending on constellation assumptions (e.g. propagation delay and satellite speed) and UE density, a potentially very large number of UEs may need to perform HO at a given time, leading to possibly large signalling overhead and service continuity challenges.
According to current hand-over mechanism, the network configures the handover command by RRC reconfiguration message when UE needs to perform handover to neighbour cell. So if there is a very large number of UEs need to perform HO at a given time, it may lead to signaling storm and further affects user experience. If the handover command can be configured to UE served within a cell at different time, then the large signalling overhead at a given time may not be happened. In other words, the mobility configuration could be pre-configured to UE before UE performing hand-over. Considering the handover configuration includes the target cell configuration which is including cell specific configuration such as T304 and spCellConfigCommon and UE specific configuration such as C-RNTI. At least the cell specific configuration could be pre-configured to UE.
Proposal 1: The mobility configuration could be pre-configured to UE before UE performing handover.
The serving cell couldn’t decide which cell is the target cell before UE performing hand-over. So if the mobility configuration could be pre-configured to UE, how to decide which  target cell configuration should be configured to UE? In order to resolve this problem, the following solution can be considered.
Considering the large cell size of NTN, the number of neighbour cells is limited, for example, two or three neighbour cells. And the moving direction of satellite is fixed. Therefore, the pre-configured mobility configuration could include multiple target cells configurations .When multiple neighbour cells configurations included in the mobility configuration are pre-configured to UE, UE can choose the only one target cell configuration when UE performs hand over. For this solution, the handover command in RRC reconfiguration message may only include a simple indication or some parameters which are not included in the pre-configured mobility configurations.  
Proposal 2: The multiple target cells configurations can be included in the pre-configured mobility configurations.
Based on the above discussion, if multiple target cells configurations for UE handover could be pre-configured to UE, following signallings could be considered to configure the parameters to UE.
MSGB/MSG4:
The mobility configuration including multiple target cells configurations could be configured to UE by MSGB or MSG4 when UE is performing RACH procedure.
RRC reconfiguration message:

The mobility configuration including multiple target cells configurations could be configured to UE by RRC reconfiguration messages. 
System information:

The common parameters of target cells could be broadcasted to UE by SIB. For this method, it still needs the above methods to configure the UE specific parameters of target cell. 
The above different signallings could be worked together. For example, a part of handover parameters is configured to UE by RACH procedure and the rest of handover parameters is configured to UE by RRC configuration message.
Proposal 3: The mobility configurations including multiple target cells could be configured to UE by MSGB/MSG4, RRC reconfiguration message and system information. 
2.2 Feeder link switch
According to TR38.821 [2], during NTN operation, it may be necessary to switch the feeder link (SRI) between different NTN GWs toward the same satellite. In RAN2#111e, it has been agreed to remove the regenerative payload option. So we only need consider the transparent option. There are two cases were considered for transparent LEO in TR38.821:

Case 1: Different gNB’s before and after the switch. 

Case 2: Same gNB before and after the switch. 

Considering the distance between the target gateway and the source gateway may be thousands of kilometers, there will be relatively long fiber or other connection between the GW and the gNB in Case 2. The long-distance fiber or other connection will lead to additional delay and high cost in Case 2. So, Case 2 may not be an appropriate option.

Proposal 4: Case 1 should be studied with priority for the transparent LEO architecture.

In Case 1, although there is no service link switch, the satellite needs to be connected to the target gNB since satellite is moving, and this will lead to feeder link switch for UE. Because the satellite serves multiple cells, all connected mode UEs in these cells will hand over to the target gNB, which will be inefficient and high signalling overhead by traditional handover procedure.

Observation 1: The traditional handover procedure is not suitable for the feeder link switch scenario in which many connected mode UEs will hand over to the target gNB.

In RAN2#111 e-meeting, RAN2 agreed that both soft and hard feeder link switch (e.g. for Non GSO) are supported, which is described as follows:

Soft feeder link switch where the satellite can simultaneously support two feeder links: The key idea is that the satellite supports simultaneous transmissions of two feeder link signals during the switch to enable a smooth switch.

Hard feeder link switch where the satellite can only support one feeder link at a time. In this case, one GW drops the connection to the satellite before the next GW establishes the connection to the satellite. 

In hard feeder link switch, only one feeder link connection serving via the same satellite is applicable during the transition. To make the UE access to the serving cell again, TR 38.821 [2] includes two possible options as follows: 

Solution 1: Feeder link hard switch procedure is based on accurate time control

Solution 2: Feeder link hard switch procedure is based on conditional RRC re-establishment

For solution 1, the TR indicates that it might be an extremely difficult problem for source gNB to send HO commands to a large number of UEs respectively in a short time because of the large cell size of NTN, which result in high HO signalling overhead and radio link failure of some UEs. In the duration of feeder link switch, all UEs will be handed over from the same source gNB to the same target gNB. It is an efficient way to broadcast the common handover parameters and the common accurate time used to trigger handover. This way effectively reduces the signalling overhead.
Observation 2: Broadcasting the common handover parameters and trigger time can effectively reduce signalling overhead for feeder link switch.

Proposal 5: For feeder link switch, the common handover parameters and trigger time can be configured to UE in a broadcast manner.

For solution 2, the TR indicates that the assistance information (e.g. next cell identity and/or reestablishment conditions) used to trigger UE RRC reestablishment can be sent to UE by broadcast via SIB instead of dedicated signalling respectively, as a result, the signalling overhead caused by the large number of UEs can be effectively reduced.
When using the common trigger time in solution 1, all connected mode UEs will execute handover at the same time. Similarly, for solution 2, if the condition of RRC re-establishment is configured by a broadcast manner based on the common time, all UE will also execute RRC re-establishment at the same time. In these cases, a large number of UEs will initiate access to the target gNB by handover/ RRC re-establishment at the same time, which may lead to network congestion and signalling storm.

Observation 3：For solution 1 and 2, when a large number of UEs initiate access to the target gNB at the same time, radio network will face the challenges of signalling storm and network congestion.

In order to avoid all UEs initiate access to the target gNB at the same time, UE’s access should be distributed sparsely in time domain. So, UE should delay a certain time to initiate access to target gNB after the trigger time. The delay time could be controlled by a timer. However, the delay access would result in delayed service. UEs with low latency service requirement should be configured with a shorter timer. 
Proposal 6: RAN2 considers to introdcue a timer to distribute the time when UE initiates access to the target gNB during the feedlink switch. 
It’s possible for gNB to configure different timer to each UE by dedicated signaling. However, a large amount of signaling would be required. Another alternative is to configure a common timer to all UEs. UE could scale the timer based on service requirement or randomly. So that the access could be distributed sparsely and the service requirement is not impact.
Proposal 7：A common timer can be configured to UE in a broadcast manner and UE could scale the timer based on service requirement or randomly.

Satellite ephemeris data and the location information of the ground GW are very important to estimate the timeline of the forthcoming feeder link switch. The timeline of feeder link switch can be calculated in advance by the source gNB or UE based on satellite ephemeris and the location of the GW, which can be used to configure the common time to trigger HO/conditional RRC re-establishment.

Observation 4: Satellite ephemeris and location information of ground GW could be used to estimate the timeline of the feeder link hard switch.

Proposal 8: Satellite ephemeris and location information of ground GW should be provisioned to network or gNB.
3 Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Proposal 1: The mobility configuration could be pre-configured to UE before UE performing handover.
Proposal 2: The multiple target cells configurations can be included in the pre-configured mobility configurations.
Proposal 3: The mobility configurations including multiple target cells could be configured to UE by MSGB/MSG4, RRC reconfiguration message and system information.
Proposal 4: Case 1 should be studied with priority for the transparent LEO architecture.

Observation 1: The traditional handover procedure is not suitable for the feeder link switch scenario in which many connected mode UEs will hand over to the target gNB.

Observation 2: Broadcasting the common handover parameters and trigger time can effectively reduce signalling overhead for feeder link switch.

Proposal 5: For feeder link switch, the common handover parameters and trigger time can be configured to UE in a broadcast manner.

Observation 3：For solution 1 and 2, when a large number of UEs initiate access to the target gNB at the same time, radio network will face the challenges of signalling storm and network congestion.

Proposal 6: RAN2 considers to introdcue a timer to distribute the time when UE initiates access to the target gNB during the feedlink switch. 
Proposal 7：A common timer can be configured to UE in a broadcast manner and UE could scale the timer based on service requirement or randomly.

Observation 4: Satellite ephemeris and location information of ground GW could be used to estimate the timeline of the feeder link hard switch.

Proposal 8: Satellite ephemeris and location information of ground GW should be provisioned to network or gNB.

4 References
[1] R2-2008xxx, “Report of 3GPP TSG RAN2#111-e meeting”, 17-28 August, 2020.
[2] TR 38.821, Solutions for NR to support non-terrestrial networks (NTN), v16.0.0, December, 2019


1/5


