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Introduction
[bookmark: _Hlk66110521]In RAN1#106-e, the following agreement was made. 
	Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule, or it is indicated by the Network

[bookmark: OLE_LINK11]Agreement:
In NR NTN, NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

· When TACs ( provided within the MAC CE is received,  is updated as follows:
 ,



Based on the above agreement and R1-2108587, the following discussion shall be needed:
· [bookmark: OLE_LINK23]Issue#6: TA update in RRC_CONNECTED state 
· Issue#7: NTN UE Time Alignment Timers
· Issue#13: Serving satellite ephemeris Epoch time

Discussion
[bookmark: _Hlk66110595]TA update in RRC_CONNECTED state
[bookmark: OLE_LINK2]In RRC_CONNETED, N_TA update may be based on 1) TA Command (TAC) field in Msg2 or MsgB that has a 12-bit field size used during an RA procedure, and 2) MAC-CE TAC that has a 6-bit field size used during data transmission. However, In Rel-16 NR, UE may also receive an absolute timing advance command MAC CE after the MSGA preamble is transmitted. The corresponding UE behavior for the absolute TAC MAC CE is missing in the latest agreement.
[bookmark: _Toc83915623]TA update in RRC_CONNECTED shall include the absolute timing advance command MAC CE.
In Rel-16, the absolute timing advance command MAC CE is used for the 2-step RA procedure in RRC_CONNECTED. After UE transmits an MSGA that includes a C-RNTI MAC CE, UE may receive this 12-bit TAC for timing adjustment if UE is out of sync, e.g., if the 2-step RA is not for BFR, and if the TA timer is not running. See TS 38.321 below.
	3GPP TS 38.321 V16.5.0
Once the MSGA preamble is transmitted, regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1> if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:
2> if the C-RNTI MAC CE was included in MSGA:
3> if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause
5.17) and the PDCCH transmission is addressed to the C-RNTI:
4> consider this Random Access Response reception successful;
4> stop the msgB-ResponseWindow;
4> consider this Random Access procedure successfully completed
3> else if the timeAlignmentTimer associated with the PTAG is running:
4> if the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new
transmission:
5> consider this Random Access Response reception successful;
5> stop the msgB-ResponseWindow;
5> consider this Random Access procedure successfully completed.
3> else:
4> if a downlink assignment has been received on the PDCCH for the C-RNTI and the received TB is
successfully decoded:
5> if the MAC PDU contains the Absolute Timing Advance Command MAC CE:
6> process the received Timing Advance Command (see clause 5.2);
6> consider this Random Access Response reception successful;
6> stop the msgB-ResponseWindow;
6> consider this Random Access procedure successfully completed and finish the disassembly and
demultiplexing of the MAC PDU


Based on its use case, the absolute TAC MAC CE shall share the same mechanism with a TAC in RAR for UL timing adjustment. This has been captured in the current release. See TS 38.213 below.
	3GPP TS 38.213 V16.6.0
[bookmark: OLE_LINK1]A timing advance command [11, TS 38.321] in case of random access response or in an absolute timing advance command MAC CE, T_A, for a TAG indicates NTA values by index values of T_A = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is N_TA = T_A  16  64/. N_TA 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.



[bookmark: OLE_LINK3]Since TAC in RAR and TAC in Absolute TAC MAC CE share the same description in RAN1, the following proposal shall be considered in RAN1#106-b to include absolute TAC MAC CE and its enhancement for UL timing adjustment.
[bookmark: _Toc83915629]N_TA updates based on TA Command field in Absolute TAC MAC CE is used for UL timing alignment correction as follows: when TAC (T_A) in Absolute TAC MAC CE is received, UE receives the first adjustment and N_TA is updated as follows: N_TA = N_(TA, old) + T_A1664/, where T_A  is the TAC field in Absolute TAC MAC CE.
The intention to keep N_(TA, old) FFS is to handle TA margin that may be applied for PRACH preamble transmission if TA margin is supported. However, N_TA is clearly defined in TS 38.213, TS 38.211, and TS 38.321. it may be risky to make any change to this legacy design for the TA margin. If TA margin shall be supported, it can be done by using common TA or by introducing a new parameter broadcasted in SIB explicitly. 
[bookmark: _Toc83915630]Do not support N_(TA, old). If TA margin is supported, a new parameter or reusing common TA to indicate TA margin shall be considered.
N_TA for PRACH/MSGA transmissions
According to the Agreement made in RAN1#104b-e, a UE shall use  for PRACH transmission (and MSGA transmission although MSGA was not addressed in the Agreement).
	Agreement inRAN1#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.


However, for an NTN UE in RRC_CONNECTED, accumulated  may be negative, i.e., . In this case, if UE is still in-sync but transmits PRACH/MSGA using , the gNB may not receive the PRACH/MSGA. See Figure 1. 
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[bookmark: _Ref83902091]Figure 1: If a TAT is running (in-sync) and accumulated N_TA < 0, PRACH transmission with N_TA = 0 may be out of the preamble receiving window, e.g., slot n, and NW may not receive the preamble. 
Even if the gNB can receive the PRACH/MSGA, e.g., the preamble receiving is implemented from slot n-1 to slot n+1 in our example, the gNB still cannot correct the UE’s UL timing due to lack of negative TA values, i.e., the TAC in RAR/MSGB can only provide TA values greater than or equal to zero, according to the following working assumption:
	Agreement in RAN1#106-e
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.


[bookmark: _Toc83915624]For an RRC_CONNECTED UE, if the TA timer is still running, and if accumulated N_TA < 0, using N_TA = 0 for PRACH/MSGA transmissions may not ensure the gNB can receive the preamble within the preamble receiving window.
For  and the TA timer is running (in-sync), if the UE transmits a PRACH/MSGA using , the gNB may have a wrong knowledge about the RO in which the UE transmitted the PRACH/MSGA. Please see Figure 2.
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[bookmark: _Ref83902031]Figure 2: If a TAT is running (in-sync) and accumulated N_TA > 0, PRACH transmission with N_TA = 0 may be received in a wrong PRACH occasion, e.g., slot n+1, and NW may not decode the preamble successfully.
In Figure 2, the timing offset between the gNB receives the PRACH using the maintained N_TA (1ms) and the gNB receives the PRACH using N_TA = 0 equals to the maintained N_TA. With this offset, the gNB may think the UE transmitted PRACH in an RO is different from the real UE intended to transmit the PRACH. 
As an example, for PRACH configuration 27 the slots that are available in an SFN are the slots 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 giving every slot a PRACH occasion. Using N_TA = 0 may result in different PRACH occasions at the NW side.
[bookmark: _Toc83915625]For a UE in RRC_CONNECTED with its TA timer still running, if the N_TA > 0, using N_TA = 0 for PRACH/MSGA transmissions may make the gNB receive the PRACH/MSGA in the wrong RO.
[bookmark: _Toc83915631]RAN1 shall study the N_TA value used for PRACH/MSGA transmissions if the TA timer is still running in RRC_CONNECTED.

NTN UE Time Alignment Timers
The intention to introduce a validity timer for ephemeris is that UE may need to renew ephemeris every few minutes by reading SIB, but gNB may broadcast ephemeris every few milliseconds to prevent any delay for initial access. A validity timer will play a reminder role to help UE maintain ephemeris out to date. 
The remaining issue is whether to define UE behavior when the validity timer expires. If UE has no valid ephemeris, which may lead to a failure of the open-loop timing control, related to UE-specific TA and common TA, the legacy closed-loop timing control may be still in place, related to N_TA and N_(TA, offset). It is possible to maintain UL timing based on the closed-loop timing control and DL reference signal. 
[bookmark: _Toc83915626]For UL timing maintenance in RRC_CONNECTED, valid satellite ephemeris is not essential. UE may rely on the legacy closed-loop timing control and DL reference signal to maintain UL timing.
However, for UL frequency control since there is no closed-loop frequency control and no common DL Doppler compensation, UE may lose UL synchronization once the validity timer expires. If UE has lost UL frequency pre-compensation, NW can only trigger a RA procedure to rebuild UL synchronization, i.e., no UL configuration or UL timing (N_TA) shall be maintained or shall be stored.
[bookmark: _Toc83915627]For UL frequency maintenance in RRC_CONNECTED, valid satellite ephemeris may be essential, considering no closed-loop frequency control and no common DL Doppler compensation.
[bookmark: _Toc83915628]Once UE has lost UL frequency pre-compensation, gNB has no solution to bring UE in-sync.
[bookmark: _Toc83915632]UE shall clear configured UL resources and N_TA when a validity timer for ephemeris expires.

Serving satellite ephemeris Epoch time
The intention to provide Epoch time is for UE to predict the satellite’s location. To save signaling overhead, Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame. The remaining issue is whether this DL slot or frame shall be configurable. 
Rel-17 NTN supports GEO and non-GEO with a range of RTT from 500ms to 20ms, therefore, a configurable DL slot or frame smees reasonable to accommodate the range of RTT.
[bookmark: _Toc83915633]For Epoch time, the starting time of a DL slot and/or frame is given by predefined rule, or it is indicated by the Network.

Conclusion
In this contribution, we have the following observations
Observation 1	TA update in RRC_CONNECTED shall include the absolute timing advance command MAC CE.
Observation 2	For an RRC_CONNECTED UE, if the TA timer is still running, and if accumulated N_TA < 0, using N_TA = 0 for PRACH/MSGA transmissions may not ensure the gNB can receive the preamble within the preamble receiving window.
Observation 3	For a UE in RRC_CONNECTED with its TA timer still running, if the N_TA > 0, using N_TA = 0 for PRACH/MSGA transmissions may make the gNB receive the PRACH/MSGA in the wrong RO.
Observation 4	For UL timing maintenance in RRC_CONNECTED, valid satellite ephemeris is not essential. UE may rely on the legacy closed-loop timing control and DL reference signal to maintain UL timing.
Observation 5	For UL frequency maintenance in RRC_CONNECTED, valid satellite ephemeris may be essential, considering no closed-loop frequency control and no common DL Doppler compensation.
Observation 6	Once UE has lost UL frequency pre-compensation, gNB has no solution to bring UE in-sync.
Based on the observations, the following proposals are made
Proposal 1	N_TA updates based on TA Command field in Absolute TAC MAC CE is used for UL timing alignment correction as follows: when TAC (T_A) in Absolute TAC MAC CE is received, UE receives the first adjustment and N_TA is updated as follows: N_TA = N_(TA, old) + T_A1664/, where T_A  is the TAC field in Absolute TAC MAC CE.
Proposal 2	Do not support N_(TA, old). If TA margin is supported, a new parameter or reusing common TA to indicate TA margin shall be considered.
Proposal 3	RAN1 shall study the N_TA value used for PRACH/MSGA transmissions if the TA timer is still running in RRC_CONNECTED.
Proposal 4	UE shall clear configured UL resources and N_TA when a validity timer for ephemeris expires.
Proposal 5	For Epoch time, the starting time of a DL slot and/or frame is given by predefined rule, or it is indicated by the Network.
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