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Introduction
[bookmark: _Hlk66110521]In RAN1#104-e, the following agreements, working assumptions, and conclusions were achieved. 
	Agreement in RAN1#104-e
[bookmark: OLE_LINK1]For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
· FFS: Details of the combination of open and closed loop TA control
Conclusion in RAN1#104-e
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· [bookmark: OLE_LINK8]FFS: support of DL frequency compensation for the service link Doppler.
[bookmark: _Hlk63432430]Agreement in RAN1#104-e
RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
FFS: Whether down-selection is needed or both options are supported


Based on the FFS in the above agreements, the following discussions were needed.
· Details of the combination of open and closed-loop TA control
· Support of DL frequency compensation for the service link Doppler
· Whether down-selection is needed or both ephemeris options are supported
Discussion
[bookmark: _Hlk66110595]TA maintenance
[bookmark: _Hlk66289543]In RAN1#104-e, the following agreement has been made.
	Agreement in RAN1#104-e
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
· FFS: Details of the combination of open and closed loop TA control


The intention to support the combination of open and closed-loop TA control are  
1) to ensure that UL time synchronization errors for TA update in RRC_CONNECTED state will not violate the limits imposed by the cyclic prefix (CP), and
2) to prevent signaling overhead from using timing adjustment commands due to the satellite movement. 
Note that according to TR 38.811, if there is no open loop TA control, the required number of TA commands to be sent is about 10 per second for the 15 kHz SCS case. This number is important but can be implemented.
	3GPP TR 38.811 V15.4.0 (2020-09)
With normal cyclic prefix, we expect this maximum step not to exceed the normal CP length (e.g., CP length is 4.7 µs in 15kHz SCS case). It means that the number of Ta commands to be sent per second to track the maximum drift of 35 µs/s is about 10 per second for 15 kHz SCS case, 40 per second for 60 kHz SCS, and 80 per second for 120 kHz SCS case. The number of Ta commands to be sent per second is important but can be implemented.


Since the closed-loop TA control is already a feasible solution, the combination of open and closed-loop TA control shall provide sufficient benefits at least to reduce certain signaling overheads.
[bookmark: _Toc66376725]According to TR 38.811 to track the maximum drift of 35 µs/s, the number of TA commands to be sent is about 10 per second for 15 kHz SCS case, which is important but can be implemented.
According to R1-2102215, the Timing Advance applied by an NR NTN UE is given by:

[bookmark: _Hlk66194648]For TA maintenance, the UE updates  based on the closed-loop and () based on the open-loop mechanism, where  is to reuse the Rel-16 mechanism,  is up to UE implementation, and  is updated by NW. However, as shown in the FL summary, companies have different views on this terminology. To reach the consensus, our view is provided in Figure 1 when the reference point (RP) is set to gNB.
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[bookmark: _Ref65749494]Figure 1: (a) Initial TA in RRC_IDLE/RRC_INACTIVE; (b) TA maintenance in RRC_CONNECTED for RP at gNB.
For initial TA in RRC_IDLE/RRC_INACTIVE, we highlight procedures that are different from the legacy as follows.
0. UE ensures GNSS is ready. According to R1-2101803, a GNSS Time To First Fix (TTFF) typically take 1 second (hot fix if GNSS ephemeris is known with the last TTFF within 4 hours) or less than 5 seconds (warm start if GNSS Almanac known with the last TTFF within 180 days). GNSS-acquired UE location might be used for cell selection.
1. NW broadcasts satellite ephemeris and common TA  (for TA uncertainty and feeder link delay), and TA offset  by sending SIB1 or NTN SIB if the size of SIB1 is not enough for satellite ephemeris.
2. UE calculates UE-satellite RTT by satellite ephemeris and GNSS-acquired UE location as . 
3. UE applies  of timing advance for sending msg1.
4. NW measures the timing difference between the msg1 reception and the configured RACH occasion (RO) Ideally, the msg1 shall be located within the CP limit and NW shall not receive the msg1 before the configurated RO to prevent issues on using TA adjustment via the 12-bit TAC.
5. NW sends msg2 carrying the 12-bit TAC in RAR based on the msg1 reception.
6. UE adjusts the TA by , where  is carried from the 12-bit TAC in RAR.
7. UE applies the adjusted TA as  for the msg3 transmission. Meanwhile, if msg3 has sufficient payload size, UE reports the UE-calculated TA  in the msg3; otherwise, UE reports  in msg5 or other UL grants after msg3.
8. NW shall know the absolute TA after receiving the TA report. 
For TA maintenance in RRC_CONNECTED, we highlight procedures that are different from the legacy as follows.
9. UE may maintain GNSS by either tracking GNSS or fixing (to stop tracking) the GNSS-acquired UE location. If UE keeps tracking the GNSS, power consumption and the GNSS measurement gap (agreed to be discussed in RAN4) shall be considered 
10. NW updates satellite ephemeris and common TA via system information (SI) update or change, e.g., satellite ephemeris and common TA can be broadcasted and be updated every 80ms. In Rel-16, UE can acquire SI when common search space to receive SI is configured, while the acquired SI is periodically broadcast.
11. UE updates the TA by updating  based on the acquired information of the GNSS-acquired UE location, the satellite ephemeris, and the common TA. If the SI is updated via SI change notifications in Short Message or a UE dedicated signalling, then NW shall know the update timing of . However, NW may not know when UE updates .
12. UE applies the updated TA for an UL transmission. 
13. NW measures a timing error based on the reception timing of the UL transmission.
14. NW sends PDSCH carrying the 6-bit TAC in an MCE-CE based on the measurement.
15. UE adjusts the TA by , where  is carried from the 6-bit TAC in the MAC-CE.
16. UE updates the TA if needed, e.g.,  can be updated. 
17. UE applies the updated TA and reports  via PUSCH.
18. NW shall know the absolute TA after receiving the TA report.
[bookmark: _Hlk66287843]If we assume the feeder link varies with the maximum drift of 35 µs/s, then to track the maximum drift via SI messages, the required messages is about 10 per second for 15 kHz SCS case, 40 per second for 60 kHz SCS, and 80 per second for 120 kHz SCS case. The minimum periodicity of the SI-message of 8rf may only support the 15 kHz SCS.
[bookmark: _Toc66376726]If common TA is broadcasted via SI, 8 radio frames (80ms) of the periodicity of the SI-message is insufficient to track the maximum drift of 35 µs/s for the 60 kHz and 120 kHz SCS cases.
To further reduce signalling overhead, if the common TA drift rate can be introduced, the minimum periodicity can be enhanced from 80ms to 1.6s shown in  R1-2102215. If the GW location is provided, no signalling is needed.
[bookmark: _Toc66376713]Support the common TA drift rate to improve the required periodicity of the SI-message to signal the common TA from every 80ms to every 1.6 seconds. 
[bookmark: _Toc66376714]Support the GW location pre-stored in u-sim to prevent the common TA signalling, if there is no security concern.
Also, according to TR 38.821, the number of TA commands to be sent per second based on the legacy closed-control TA loop is important but can be implemented. Also, NR UL power control is based on a combination of open-loop control and closed-loop control. NW can disable open-loop power control completely via RRC configuration.
[bookmark: _Toc66376727]According to TR 38.821, the open-loop TA control is not essential in RRC_CONNECTED, thus like NR UL power control as a combination of the open-loop and the closed-loop control, whether to enable or disable the open-loop TA control shall be configurable by NW.
[bookmark: _Toc66376715]For RP at gNB, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.
If reporting UE-calculated TA in msg3 or msg5 is supported, then UE and NW shall have a common understanding of the absolute timing advance value  in RRC_CONNECTED. However, once UE starts to adjust its timing by changing  , NW may not know this change is caused by UE adjustment or caused by an RTT change due to UE or satellite movement. Thus, NW may lose the absolute TA value, and the schedule may have issues.
[bookmark: _Toc66376716]Support UE autonomous TA adjustment if and only if NW can still know the absolute TA value.  
A simple solution is to support TA reporting in RRC_CONNECTED. However, if UE continues to adjust its UL timing between TA reports, there might be certain uncertainty for NW to know the absolute TA value. If UE location can be provided without privacy concern, then TA report can be prevented. 
[bookmark: _Toc66376717]Support TA report in RRC_CONNECTED to provide UE-gNB RTT to NW.
[bookmark: _Toc66376718]Support UE location report in RRC_CONNECTED to prevent frequent TA reporting, if there is no privacy concern.
In Rel-16, UE autonomous TA adjustment is supported for UL timing correction. This happens only when UE cannot meet the UL timing requirement and the transmission timing error beyond a threshold. The related spec is below.
	3GPP TS 38.133 V16.6.0 (2020-12), 7.1.2.1 Gradual timing adjustment
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be  before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1) [bookmark: OLE_LINK3]The maximum amount of the magnitude of the timing change in one adjustment shall be .
2) [bookmark: OLE_LINK4]The minimum aggregate adjustment rate shall be  per second.
3) The maximum aggregate adjustment rate shall be  per 200 ms.
where the maximum autonomous time adjustment step  and the aggregate adjustment rate  are specified in Table 7.1.2.1-1.


Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp

	1
	15/30/60
	5.5*64*Tc
	5.5*64*Tc

	2
	60/120
	2.5*64*Tc
	2.5*64*Tc

	NOTE: Tc is the basic timing unit defined in TS 38.211


As shown above, when the timing error  is detected by the UE, the UE shall perform the gradual timing adjustment that is up to UE implementation. Since the maximum amount and the minimum amount of adjustment rates are regulated in the current specs, NW shall know the absolute TA timing in a well-defined range.
[bookmark: _Toc66376719][bookmark: OLE_LINK5]If TA reporting in RRC_CONNECTED is supported, the following values shall be considered between consecutive TA reports: 1) the maximum amount of the magnitude of the timing change in one adjustment and 2) the minimum/maximum aggregate adjustment rate per second.
[bookmark: _Hlk66289073]When the reference point (RP) is set to satellite, our view is provided in Figure 2. The main difference is the common TA,  (including TA uncertainty and feeder link delay), is maintained by NW via an offset on UL frames.
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[bookmark: _Ref66282274]Figure 2: (a) Initial TA in RRC_IDLE/RRC_INACTIVE; (b) TA maintenance in RRC_CONNECTED for RP at a satellite.
For initial TA in RRC_IDLE/RRC_INACTIVE, we highlight procedures that are different from the legacy as follows.
0. UE ensures GNSS is ready. GNSS information can be either fixed or kept tracking by UE. NW ensures UL and DL frames are misaligned by delaying the UL frame timing with the feeder link RTT (satellite-gNB RTT).
1. NW broadcasts satellite ephemeris, feeder link RTT, and TA offset  via system information (SI).
2. UE calculates UE-satellite RTT by satellite ephemeris and GNSS-acquired UE location as . 
3. UE knows UE-gNB RTT from UE-satellite RTT and the feeder link RTT obtained from SI.
4. UE applies  of timing advance for sending msg1.
5. NW measures the timing error from the msg1 reception. The msg1 shall be located within the CP limit and NW shall receive the msg1 if the UL frame at NW has been delayed by the feeder link RTT. Note that the timing error may include estimation errors for both feeder link RTT and service link RTT.
6. NW sends msg2 carrying the 12-bit TAC in RAR based on the msg1 reception.
7. UE adjusts RAR window based on UE-gNB RTT to receive msg2. After msg2 is received, UE adjusts the TA by , where  is carried from the 12-bit TAC in RAR.
8. UE applies the adjusted TA as  for the msg3 transmission. Meanwhile, if msg3 has sufficient payload size, UE reports the UE-calculated TA  in the msg3; otherwise, UE reports  in msg5 or other UL grants after msg3.
9. NW shall know the absolute TA, i.e., UE-gNB RTT, after receiving the TA report. 
For TA maintenance in RRC_CONNECTED, we highlight procedures that are different from the legacy as follows.
10. UE shall maintain GNSS by fixing or tracking, and NW shall maintain the feeder link delay. 
11. NW updates satellite ephemeris and satellite-gNB RTT via SI update, e.g., every 80ms. 
12. UE updates the UE-satellite RTT by GNSS and satellite ephemeris.
13. UE updates the UE-gNB RTT by reading satellite gNB RTT from SI. 
14. UE applies the updated TA to compensate UE-satellite RTT for a UL transmission. 
15. NW measures a timing error based on the reception timing of the UL transmission.
16. NW sends PDSCH carrying the 6-bit TAC in an MCE-CE based on the measurement.
17. UE adjusts the TA by , where  is carried from the 6-bit TAC.
18. UE updates the UE-satellite RTT . 
19. UE applies the updated TA and reports  via PUSCH.
20. NW shall know the absolute TA after receiving the TA report.
Comparing to RP at gNB, the feeder link RTT broadcasted in SI can be less frequent. The common understanding of UE-gNB RTT between UE and NW can be built when it is needed, e.g., RA and DRX procedures.
Like RP at gNB, RRC_CONNECTED UE may skip GNSS tracking and ephemeris monitoring if NW can disable the open control loop. The UL timing can be maintained by 6-bit TA commands and TA drift rates. 
[bookmark: _Toc66376720]For RP at a satellite, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.

DL frequency compensation for the service link
In RAN1#104-e. the following conclusion has been made.
	Conclusion in RAN1#104-e
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.


As pointed out by a company, there are different types of pre-compensation:
· NW pre-compensates all DL signals to compensate feeder link Doppler (no need to signal).
· NW pre-compensates all or some specific DL channels to compensate service-link doppler (need to signal).
To our best understanding, NW shall pre-compensate all DL channels to compensate service-link doppler. 
According to TR 38.821, If the frequency error robustness requirement is 5 ppm (i.e., 10kHz for S-band, 100 kHz for Ka-band), it means that this worst-case for LEO in S-band (2 GHz): Up to +/- 48kHz Doppler Shift in downlink for the whole satellite coverage (spot) is not covered by current 5G specifications. 
As pointed out by R1-2100597, for DL initial synchronization, the Doppler shift @3 GHz without pre-compensation of the common Doppler shift on the service link can be up to +/ 75 kHz. Therefore, the pre-compensation is required to accommodate the residual Doppler within a raster spacing of 100 kHz (=+/-50 kHz).
If there is not the pre-compensation of the common Doppler over the service link, the 100 kHz sync raster grid for carrier frequency < 3 GHz must be removed from the current specs. More spec impact will be needed.
[bookmark: _Toc66376721]Confirm the support of DL frequency compensation for the service link Doppler.

[bookmark: _Hlk66352542]Support of ephemeris formats
In RAN1#104-e. the following conclusion has been made.
	Agreement in RAN1#104-e
RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
FFS: Whether down-selection is needed or both options are supported


As pointed out by R1-2102215 as shown in the updated proposal 6-1, we quote below:
NTN UE should have the capability of satellite trajectory prediction based on any provided orbit representation at a reference time.
To our best knowledge, option 1 and option 2 can be transformed without losing any accuracy. To minimize the spec impacts and the possible effort to support both options. We suggest selecting one of the ephemeris formats.
[bookmark: _Toc66376722]Support the down selection of satellite ephemeris between 1) format based on satellite position and velocity state vectors and 2) format based on orbital elements. 
For details on time reference provisioning/format, as pointed out by R1-2100595, we quote as follows: 
there is no need to include the epoch time which can be implicitly known as a reference time linked to the Downlink subframe where the NTN SIB is broadcast.
However, if UE-gNB RTT is unknown, UE cannot transform the ephemeris at the epoch time (the time gNB sends) into the ephemeris at the current time (the time UE receives). 
[bookmark: _Toc66376723]For the ephemeris format, if the epoch time is not included in the ephemeris, then NW shall ensure UE knows the UE-gNB RTT to estimate the ephemeris at the current time.
If the epoch time is linked to the DL subframe where the NTN SIB is broadcast, then how a timestamp links to a SI-window described in the SIB9 filed in Rel-16 NR shall be a good reference as a baseline design. 
	SIB9 field descriptions

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.


[bookmark: _Toc66376724]If the epoch time is linked to the DL subframe, then it is corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which NTN SIB is transmitted.
Conclusion
In this contribution, we have the following observations
Observation 1	According to TR 38.811 to track the maximum drift of 35 µs/s, the number of TA commands to be sent is about 10 per second for 15 kHz SCS case, which is important but can be implemented.
Observation 2	If common TA is broadcasted via SI, 8 radio frames (80ms) of the periodicity of the SI-message is insufficient to track the maximum drift of 35 µs/s for the 60 kHz and 120 kHz SCS cases.
Observation 3	According to TR 38.821, the open-loop TA control is not essential in RRC_CONNECTED, thus like NR UL power control as a combination of the open-loop and the closed-loop control, whether to enable or disable the open-loop TA control shall be configurable by NW.

Based on observations, the following proposals are made
Proposal 1	Support the common TA drift rate to improve the required periodicity of the SI-message to signal the common TA from every 80ms to every 1.6 seconds.
Proposal 2	Support the GW location pre-stored in u-sim to prevent the common TA signalling, if there is no security concern.
Proposal 3	For RP at gNB, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.
Proposal 4	Support UE autonomous TA adjustment if and only if NW can still know the absolute TA value.
Proposal 5	Support TA report in RRC_CONNECTED to provide UE-gNB RTT to NW.
Proposal 6	Support UE location report in RRC_CONNECTED to prevent frequent TA reporting, if there is no privacy concern.
Proposal 7	If TA reporting in RRC_CONNECTED is supported, the following values shall be considered between consecutive TA reports: 1) the maximum amount of the magnitude of the timing change in one adjustment and 2) the minimum/maximum aggregate adjustment rate per second.
Proposal 8	For RP at a satellite, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.
Proposal 9	Confirm the support of DL frequency compensation for the service link Doppler.
Proposal 10	Support the down selection of satellite ephemeris between 1) format based on satellite position and velocity state vectors and 2) format based on orbital elements.
Proposal 11	For the ephemeris format, if the epoch time is not included in the ephemeris, then NW shall ensure UE knows the UE-gNB RTT to estimate the ephemeris at the current time.
Proposal 12	If the epoch time is linked to the DL subframe, then it is corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which NTN SIB is transmitted.
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