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Introduction
[bookmark: _Hlk66110521]In RAN1#104b-e, the following agreements were achieved. 
	Agreement in RAN1#104b-e:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.

Agreements in 8.10.3.3
The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g., cell center or other) and how this is provided to the UE


Based on the FFS in the above agreements, the following discussions were needed:
· details of N_TA update/accumulation
· details of signaling including granularity for common TA.
As suggestion in R1-2104076, the following discussion were encouraged:
· FL recommendation 6: the combination of open and closed loop TA control
· FL recommendation 7: the validity timers for Common TA and UE specific TA
· FL Recommendation 11: the granularity and how to indicate the amount of frequency compensation when DL frequency compensation for the Doppler on service link is applied


Discussion
[bookmark: _Hlk66110595]N_TA update and accumulation
The intention to have two groups of the TA terms is to reuse the legacy TA control. The two groups are defined by
· the closed-loop TA control including  and ; and
· the open-loop TA control including  and .
For  update and accumulation, reusing the legacy shall be feasible. For RACH, the legacy is captured as follows.
· [3GPP TS 38.213 V16.5.0] A timing advance command [11, TS 38.321] in case of random-access response or in an absolute timing advance command MAC CE, [image: ], for a TAG indicates [image: ] values by index values of [image: ] = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of [image: ] kHz is [image: ]. [image: ] is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random-access response or absolute timing advance command MAC CE.
After sending a PRACH using an initial TA with , UE may receive a timing advance command (TAC) in random access response (RAR), where the TAC indicates a positive  value by index values to adjust UL timing .
[bookmark: _Toc71533874]Legacy timing advance command (TAC) for  and in the case of RAR is the baseline for NTN. No specification change is needed to minimize MAC impacts, e.g., TAC MAC CE format.
For TA adjustment in RRC_CONNECTED, the legacy specification is captured as below.
· [3GPP TS 38.213 V16.5.0] In other cases, a timing advance command [11, TS 38.321], [image: ], for a TAG indicates adjustment of a current [image: ] value, [image: ], to the new [image: ] value, [image: ], by index values of [image: ] = 0, 1, 2, ..., 63, where for a SCS of [image: ] kHz, [image: ]. 
In RRC_CONENECTED, after sending any UL transmission using , UE may receive a TAC that indicates adjustment of a positive or negative value for the current  value to adjust UL timing .
[bookmark: _Toc71533875]Legacy timing advance (TA) adjustment for  and  in RRC_CONNECTED is the baseline for NTN. No specification change is needed to minimize MAC impacts, e.g., TA timers, and groups.

[bookmark: _Ref70675624]Common TA signaling and granularity
The intention of using  is to cover 1) RTT of the feeder link when UL timing is aligned at a gNB, and 2) TA margin to reuse the legacy TA in RAR. For both use cases, the granularity shall ensure the UL transmission can fit the requirement of the OFDM-CP limit. 
[bookmark: _Toc71009877]The granularity of common TA shall fit the requirement of the OFDM-CP limit.
With this concern, it is reasonable to propose that the granularity of common TA is set to be the same as the granularity of , i. e. *Tc.
[bookmark: _Toc71533876]The granularity of common TA is set to be the same as the granularity of , i. e. *Tc.
UEs from the same cells or different cells may experience the same RTT of the feeder link. Therefore, the common TA configuration shall be cell specific and be associated with a set of cells (e.g., per satellite or any other suitable set for gNB determination).  To minimum spec impacts, association between the set of cells and TAG shall be considered.
[bookmark: _Toc71533877]The common TA configuration shall be cell specific via system information and the configuration can be associated with a group of cells to save signaling overhead.
[bookmark: _Toc71533878]To minimize spec impacts and signaling overhead, association between the existing TAG and the group of cells for the common TA configuration shall be considered.

Combination of open and closed loop TA control
As proposed by R1-2104076, we support the initial Proposal 6 given below:
	[bookmark: _Hlk70611996]Initial Proposal 6 in R1-2104076
In RRC_CONNECTED state:
· Existing  update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change.
· FFS: Whether to support negative TA Command in RAR
·  is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris
· FFS: Update of  . 
· This FFS will be solved when the issue on Common drift rate indication is solved


As shown above, the remaining issues are whether to support negative TAC in RAR and how to update .
Whether to support negative TA Command in RAR
The intention to support negative TAC in RAR is to handle over pre-compensation on a PRACH transmission when a UE applies UE-specific TA on the PRACH. When this happens, NW may miss the PRACH transmission and UE shall resend another PRACH, resulting in a power waste. However, to support negative TAC in RAR makes non-necessary specification changes. Applying TA margin provided implicitly or explicitly from NW shall be considered.
[bookmark: _Toc71533879]Support TA margin for a PRACH transmission in case of Contention-based Random Access (CBRA) to prevent the use of negative TAC in RAR.
Update of common TA
The intention to update common TA is to track RTT of the feeder link when UL timing is aligned at a gNB. Note that if UL timing is aligned at a satellite, then common TA is used to indicate TA margin, and no update is needed. 
Since common TA is used for sending UL transmission, its accuracy must fit the OFDM-CP limit. Using the legacy broadcasting in SI with a minimum periodicity of 80ms might be a feasible solution. However, introducing a common drift rate has an obvious benefit on signaling reduction.
[bookmark: _Toc71533880]Support common TA drift rate broadcasted in system information to reduce signaling overhead.

Validity timers for Common TA and UE specific TA
Uplink Timing Advance (TA) is used to ensure the UL signals from different UEs can arrive at the gNB simultaneously, or within the CP, to avoid intra-cell interference. The TA timer is used to verify whether the TA is still valid. 
During the RACH procedures, UE receives TA through RAR or MSGB. Once the UE obtains a TA, it adjusts the timing of UL signals, and starts or restarts the TA timer. When the TA timer expires, the TA is invalid, and the UE shall not perform any uplink transmission except the Random-Access Preamble and MSGA transmission. 
[bookmark: _Toc71009878]For RACH, the legacy TA timer is used to ensure whether a TAC in RAR received by a UE is valid for the UE to perform UL transmission except for the RA preamble and MSGA transmission. 
For common TA, if common TA is broadcasted in SIB1 and if common TA update would trigger SI change indication, then UEs in RRC_IDLE or RRC_INACTIVE shall re-acquire the SIB1 if the UE receives a Short Message in its paging occasion every DRX cycle. UE shall not miss the latest common TA, and the validity timer shall be non-necessary. 
[bookmark: _Toc71533881]For RACH, no validity timer for common TA is needed, if common TA is provided in SIB1, and if common TA update triggers SI change indication, then UE shall update common TA by re-acquiring SIB1 after receiving a short message in its paging occasion.
In RRC_CONNECTED, both UE and NW maintain the TA timer, and the TA can be updated through a PDCCH order or a TAC. If the timer expires, UE shall flush all HARQ buffers, release PUCCH, release SRS, clear any configured downlink assignments and configured uplink grants, clear any PUSCH resource for semi-persistent CSI reporting, and consider all running TA timers as expired. The timer is used in case UE fails to detect TACs and interferes with other users.
[bookmark: _Toc71009879]For connected mode UE, the legacy TA timer is used to ensure no intra-cell interference when UE cannot receive any TA commands from NW. If the timer expires, UE stops UL transmission.
Like RRC_IDLE, for common TA, if common TA is broadcasted in SIB1 and if common TA update would trigger SI change indication, then UEs in RRC_CONNECTED shall re-acquire the SIB1 if the UE receives a Short Message. UEs shall have up-to-date information about common TA broadcasted in SIB1. No validity timer is needed.
[bookmark: _Toc71533882]For RRC_CONNECTED, no validity timer for common TA is needed if common TA is provided in SIB1 and if common TA update triggers SI change indication. 
For UE-specific TA, if a GNSS measure gap is needed for the L band, then NW and UE shall have a common understanding of when to update GNSS and ephemeris. No validity timer is needed. 
[bookmark: _Toc71533883]No validity timer for UE-specific TA is needed if a GNSS measurement gap is supported for the L band. NW and UE shall share a common understanding of when to update GNSS and ephemeris.

DL frequency compensation on the service link
The intention to provide DL frequency compensation from NW on the service link is to let UE perform UL frequency compensation based on the reference signal and this assistance information.
For earth-moving cells, providing a fixed value of DL frequency compensation on the service link is feasible. However, for earth-fixed cells, the DL frequency compensation on the service link is varying in time. Providing a fixed location in a cell might be practical considering signalling overhead. Since RAN2 has agreed to provide a reference location of the cell for the location-based CHO execution, RAN1 shall consider leveraging this agreement for earth-fixed cells.
	Agreements in 8.10.3.3
The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g., cell center or other) and how this is provided to the UE


[bookmark: _Toc71533884]For earth-moving cells, proving a fixed value of DL frequency compensation on the service link at the NW side shall be supported to enhance UL frequency pre-compensation at the UE side.
[bookmark: _Toc71533885]For quasi-earth-fixed cells, leveraging a fixed reference location of a cell agreed in RAN2 for indicating DL frequency compensation on the service link at the NW side shall be supported.  

Conclusion
In this contribution, we have the following observations
Observation 1	The granularity of common TA shall fit the requirement of the OFDM-CP limit.
Observation 2	For RACH, the legacy TA timer is used to ensure whether a TAC in RAR received by a UE is valid for the UE to perform UL transmission except for the RA preamble and MSGA transmission.
Observation 3	For connected mode UE, the legacy TA timer is used to ensure no intra-cell interference when UE cannot receive any TA commands from NW. If the timer expires, UE stops UL transmission.

Based on observations, the following proposals are made
Proposal 1	Legacy timing advance command (TAC) for  and in the case of RAR is the baseline for NTN. No specification change is needed to minimize MAC impacts, e.g., TAC MAC CE format.
Proposal 2	Legacy timing advance (TA) adjustment for  and  in RRC_CONNECTED is the baseline for NTN. No specification change is needed to minimize MAC impacts, e.g., TA timers, and groups.
Proposal 3	The granularity of common TA is set to be the same as the granularity of , i. e. *Tc.
Proposal 4	The common TA configuration shall be cell specific via system information and the configuration can be associated with a group of cells to save signaling overhead.
Proposal 5	To minimize spec impacts and signaling overhead, association between the existing TAG and the group of cells for the common TA configuration shall be considered.
Proposal 6	Support TA margin for a PRACH transmission in case of Contention-based Random Access (CBRA) to prevent the use of negative TAC in RAR.
Proposal 7	Support common TA drift rate broadcasted in system information to reduce signaling overhead.
Proposal 8	For RACH, no validity timer for common TA is needed, if common TA is provided in SIB1, and if common TA update triggers SI change indication, then UE shall update common TA by re-acquiring SIB1 after receiving a short message in its paging occasion.
Proposal 9	For RRC_CONNECTED, no validity timer for common TA is needed if common TA is provided in SIB1 and if common TA update triggers SI change indication.
Proposal 10	No validity timer for UE-specific TA is needed if a GNSS measurement gap is supported for the L band. NW and UE shall share a common understanding of when to update GNSS and ephemeris.
Proposal 11	For earth-moving cells, proving a fixed value of DL frequency compensation on the service link at the NW side shall be supported to enhance UL frequency pre-compensation at the UE side.
Proposal 12	For quasi-earth-fixed cells, leveraging a fixed reference location of a cell agreed in RAN2 for indicating DL frequency compensation on the service link at the NW side shall be supported.
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