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Introduction
RAN1 received LS R1-2200883 from RAN2. This LS is a reply from RAN2 to the RAN4’s questions on the following parameters for UE measurement and handover. 
	For NTN UE measurements, e.g. neighbor cell measurement within- or inter-satellite:
(A1) Neighbor cell Ephemeris information and the format, e.g. PVT format or Keplarian format
(A2) Common TA
(A3) Validity timer information for neighbor cell measurements, e.g. if it is different from that for serving cell open loop TA control
(A4) The amount of frequency compensation, if DL frequency compensation for the service link Doppler is applied
(A5) DL Polarization information

For NTN UE mobility, e.g. target cell measurement, synchronization, and (conditional) handover within- or inter-satellite:
(B1) Target cell Ephemeris information and the format, e.g. PVT format or Keplarian format
(B2) Common TA
(B3) Validity timer information for target cell mobility, e.g. if it is different from that for serving cell open loop TA control
(B4) The amount of frequency compensation, if DL frequency compensation for the service link Doppler is applied
(B5) DL and UL Polarization information
(B6) K_offset



In the LS, RAN2 asks RAN1 on parameters to be provided to UEs for neighbor cell measurement and handover. Specifically, RAN1 is asked the following action. 

	ACTION:	RAN2 respectfully asks RAN1 to take into account the above information and provide answer to the Question 1 on whether following parameters need to be provided to UEs for neighbor cell measurements and handover
1. A2/B2 (common TA parameters), 
1. A3/B3 (Validity timer information for neighbor cell measurements/target cell mobility, e.g. if it is different from that for serving cell open loop TA control),
1. [bookmark: _Hlk95391446]Separate validity durations for PVT parameters and Orbital parameters, and
1. A5/B5 (DL and UL Polarization information).



This contribution discusses the necessity and how to provide these parameters to UEs.
Discussion 
We discuss each of the parameters questioned by RAN2 for neighbor cell measurement in RRC_IDLE/INACTIVE and for handover in RRC_CONNECTED, respectively.
Neighbor cell measurement for RRC_IDLE/INACTIVE UE
(1) A2: Common TA parameters
UE in RRC_IDLE/INACTIVE state performs neighbor cell measurement for cell reselection. In TN operation, the necessary information for the neighbor cell measurement, e.g. carrier frequency, subcarrier spacing, SMTC, is broadcasted via serving cell's SIB. UE can perform the measurement only during the necessary timing based on the SMTC, which leads to a reduction of UE power consumption. 
In NTN with LEO satellite, the propagation delay varies in accordance with satellite movement. It would be beneficial for UE power saving to adjust the measurement window based on service and feeder link delay variation as agreed in RAN2. Because satellite ephemeris and common TA parameters are used for estimating the service and feeder link delay variation, common TA parameters ((1) in RAN2’s question) of the neighbor cell would need to be provided to UEs together with satellite ephemeris and epoch time. 
On the other hand, if the radio frame timing is not synchronized among cells at specific point like gNB or satellite, the satellite ephemeris and common TA parameters would be useless because UE anyway needs to search the SSB continuously. If the radio frame timing is synchronized among cells, especially among gNBs, it would be beneficial to broadcast the satellite ephemeris, common TA parameters and epoch time of the neighbor cell to allow UEs for power saving. 
Proposal 1: The necessity of satellite ephemeris, common TA parameters and epoch time for neighbor cell would depend on the assumption of radio frame synchronization among cells, especially among different gNBs. The assumption should be clarified. 

(2) A3: Validity timer information 
Validity timer information is the information defining the duration during which the indicated ephemeris and common TA parameters are valid. Satellite ephemeris and common TA parameters for different satellites would be generated independently per cell. Therefore, the validity duration may be different per cell. Therefore, indication of separate validity timer information for different neighbor cells would be beneficial. Note that validity duration for common TA parameters is not necessarily constant but may be depending on elevation angle of the satellite from the GW because higher common TA change rate is observed for higher elevation angle. 
Proposal 2: If satellite ephemeris and/or common TA parameters for neighbor cell is indicated, indicate the validity timer information for the neighbor cell as well. 

(3)	Separate validity durations for PVT parameters and Orbital parameters
It was agreed in RAN1 to support both PVT parameters and orbital parameters as satellite ephemeris information, but it would not be necessary to indicate both of them simultaneously. Which parameters to be indicated would depend on the deployment scenario. Therefore, to indicate one validity duration for either of PVT parameters and orbital parameters would be sufficient. Furthermore, because the validity duration is common for satellite ephemeris and common TA parameters as agreed in RAN1, indication of separate validity duration for PVT parameters and Orbital parameters would not be feasible.
Proposal 3: To indicate one validity duration for the either of PVT parameters and orbital parameters would be sufficient. 

(4) A4: DL and UL polarization information
As RAN1 agreed in RAN1#106b-e to support polarization signalling for non-serving cell in RRM measurement configuration, polarization information of the neighbor cell is necessary for a proper measurement of the neighbor cell. For the neighbor cell measurement, DL polarization information is necessary, whereas UL polarization information would not be necessary because only reception is needed for the measurement. 
Proposal 4: DL polarization information is necessary for a proper measurement of the neighbor cell, whereas UL polarization information would not be necessary.

Handover for RRC_CONNECTED UE
(1) B2: Common TA parameters
[bookmark: _Hlk95748483]In TN operation, the necessary neighbor cell (target cell) information for handover is indicated to the UE via dedicated RRC signaling (RRCReconfiguration message) and UE is not required to receive SIB of neighbor cell before the handover. In NTN, the UE need to obtain contents of NTN SIB as listed in [2] including common TA parameters of the target cell to access the target cell for handover. 
Proposal 5: Contents of NTN SIB of the target cell including common TA parameters would need to be indicated to the UE.
In addition, how to indicate the neighbor cell information related to NTN assistance information to the UE is discussed below. The same aspect is discussed also in our contribution [3].
There are three alternatives on the signaling method. 
· Alt 1: Indicate via Dedicated RRC signaling (RRCReconfiguration message)
As in TN operation, the UE obtain the necessary target cell information for handover via dedicated RRC signaling (i.e. RRCReconfiguration message) at the time of the handover. The contents of neighbor cell NTN SIB are also included in the RRCReconfiguration message for handover. The UE behavior is basically same as handover for TN.i.e. during the neighbour cell measurement, SIB is not required to be received neither from serving nor neighbour cells. A drawback could be large signaling overhead for RRCReconfiguration message. 
· Alt 2: Indicate via NTN SIB broadcasted from the serving cell 
The serving cell broadcasts the contents of NTN SIB for neighbor cells. UE reads the contents of NTN SIB for the neighbour cell broadcasted in the serving cell. One of the neighbour cells is indicated as the target cell by the network at the time of the handover. UE reads the SIB for the neighbour cell measurement before it receives the RRCReconfiguration message for handover. It results in avoidance of potential handover delay due to the SIB reading. A drawback would be that UE would need to maintain the SIB contents of the target cell not to be expired. UE may need to read SIB multiple times depending on the validity duration. Another drawback would be large overhead of the SIB because the information on multiple neighbor cells would need to be broadcasted.  
· Alt 3: Indicate via NTN SIB broadcasted in the target cell
Each cell broadcasts NTN SIB contents of its own cell. The UE reads the NTN SIB in the target cell after it receives the RRCReconfiguration message for handover. Because UE initiate RACH for the target cell after it obtains the NTN SIB in the target cell, the handover completion would be delayed. On the other hand, in case of conditional handover because UE receives the RRCReconfiguration message for handover in advance before the actual handover timing. UE would obtain the NTN SIB in the target cell at a right timing after receiving the RRCReconfiguration message before initiating the RACH to the target cell. 
Proposal 5: Contents of NTN SIB of the target cell including common TA parameters would need to be indicated to the UE. Discussion on how these parameters are indicated to the UE is necessary. 

Ambiguity issue of the neighbor cell epoch time 
[bookmark: _Hlk95747432]Epoch time is indicated together with the satellite ephemeris and common TA parameters. Epoch time is expressed by SFN and subframe number as agreed in RAN1. Even if radio frame timing is aligned between gNBs, SFN may not be aligned. Therefore, epoch time for the satellite ephemeris and common TA parameters of a cell should be expressed by the SFN and subframe number in the respective cell. For example, epoch time for the satellite ephemeris and common TA parameters of the serving cell is expressed by the SFN and subframe timing for the serving cell, whereas epoch time for the satellite ephemeris and common TA parameters of the neighbor cell is expressed by the SFN and subframe timing for the neighbor cell. When UE is provided the neighbor cell parameters including epoch time, UE may not be able to understand the epoch time correctly because information on the SFN in the neighbor cell may not be known to the UE. 
[bookmark: _Hlk95747335][image: ]
Figure 1 issue on the neighbor cell epoch time due to the SFN difference 
[bookmark: _Hlk95747416]Either of the following options would be necessary. 
Option 1: gNB provides information on the neighbor cell SFN together with the epoch time
Option 2: UE determines the epoch time based on the SFN obtained from the neighbor cell’s MIB. 
[bookmark: _Hlk95747902]In Option 1, gNB provides the epoch time of neighbor cell assistance information (satellite ephemeris and common TA parameters) based on its own SFN, or provides additional information on the SFN difference between the serving cell and the neighbor cell.  
In Option 2, gNB provides the epoch time of neighbor cell assistance information based on the neighbor cell’s SFN, and UE need to receive the neighbor cell MIB to know the SFN. In this case, UE may not be able to interpret the indicated assistance information immediately because UE may not be able to receive the SFN in the neighbor cell MIB. 
Proposal 6: Because epoch time is expressed by SFN and subframe number, discussion on how the UE obtains the neighbor cell SFN would be necessary. The following options should be considered. 
Option 1: gNB provides information on the neighbor cell SFN together with the epoch time
Option 2: UE determines the epoch time based on the SFN obtained from the neighbor cell’s MIB.  

(2) B3: Validity timer information 
Same discussion as section 2.1 can be applied. 

(3)	Separate validity durations for PVT parameters and Orbital parameters
Same discussion as section 2.1 can be applied. 

(4) B4: DL and UL polarization information 
For handover, DL and UL polarization information of the target cell needs to be provided to the UE to allow both UE and gNB to receive the signal without polarization losses. Also, it would be beneficial to distinguish the signal from different cells by different polarizations. 
Proposal 7: Both DL and UL polarization information is necessary for handover. 

Conclusion 
We propose to take the following observations into account for the reply LS and the related discussion. 
· For neighbor cell measurement in RRC IDLE UE
Proposal 1: The necessity of satellite ephemeris, common TA parameters and epoch time for neighbor cell would depend on the assumption of radio frame synchronization between different gNBs. The assumption should be clarified. 
Proposal 2: If satellite ephemeris and/or common TA parameters for neighbor cell is indicated, indicate the validity timer information for the neighbor cell as well. 
Proposal 3: To indicate one validity duration for the indicated ephemeris parameter would be sufficient. 
Proposal 4: DL polarization information is necessary for a proper measurement of the neighbor cell, whereas UL polarization information would not be necessary.

· For handover in RRC CONNECTED UE
Proposal 5: Contents of NTN SIB of the target cell including common TA parameters would need to be indicated to the UE. Discussion on how these parameters are indicated to the UE is necessary. 
Proposal 6: Because epoch time is expressed by SFN and subframe number, discussion on how the UE obtains the neighbor cell SFN would be necessary. The following options should be considered. 
Option 1: gNB provides information on the neighbor cell SFN together with the epoch time
Option 2: UE determines the epoch time based on the SFN obtained from the neighbor cell’s MIB.  
Proposal 7: Both DL and UL polarization information is necessary for handover. 
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