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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#107-e meeting, there were some agreements and conclusions reached on UL time and frequency synchronization as the follows[1]: 
Agreement
The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.

Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.

Agreement
NTN validity duration is configured per cell and indicated to the UE in X bits with:
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240 }
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO

Agreement
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity
· Orbital parameter ephemeris format 18 byte payload
· Semi-major axis α (m) is 33 bits
· Range: [6500, 43000]km
· Eccentricity e is 19 bits
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits
· Range: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]

Agreement
The reference point of the epoch time for assistance information (i.e. Serving satellite ephemeris and Common TA parameters) should be known by UE. 
· FFS: the definition of the reference point

Conclusion
  is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. 
· How the UE calculates/updates NTA, UE-specific is left to UE implementation.

Agreement
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time (  used for   calculation as follows:



Where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameter defined in RAN1 Meeting #106-bis-e
· is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.


Agreement
Confirm the Working assumption on granularity and bits allocation for Common TA parameters: Value range, granularity and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are as follows:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   … +-53.33 ) 
	
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 )
	
	15 bits

	· Value ranges are given in unit of corresponding granularity




[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

Agreement
The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.


Working assumption:
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
· Option 1: . 
Where,  is the TAC field in msg2/msgB


Conclusion
DL frequency compensation by gNB for the service link Doppler is not supported in Release 17.

[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Up to now, we have achieved consensus on most issues of time and frequency synchronization but the combination of open and closed loop TA control. In the contribution, we further analyze the remaining issues on combination of open and closed loop TA control. 

Discussion 
0. Combination of open and closed loop TA control
Based on RAN#104e-meeting agreements, close-loop TA and open-loop TA can be supported both. The remaining issue is how to combine these two methods. For the open-loop TA, it relies on UE implementation, which can be based on ephemeris information or based on DL signaling tracking. For close-loop TA, TAC command is used for TA updating. One possible issue is that due to long delay between the gNB and UE, TAC command is always coming later, but the autonomous TA has been conducted. That causes the TA unstable for close-loop TA and open-loop TA combination. Moreover, there may happen double correction when UE specific TA or Common TA is updated at the same time with .
Although RAN4 has claimed that RAN4 defines a requirement to ensure the impact on NTN UE UL timing accuracy due to “double-correction” issue on R4-2120312 and R4-2120311.But RAN4 don’t resolve really the TA jump caused by double correction, which should be RAN1 responsibility. Some companies have proposed potential solutions on combination of open and closed loop TA control. Further analysis for these solutions is presented as follows.
· Solution 1:
· UE subtracts the difference between new value and old value NTA_UE-specific,new from the accumulative closed loop TA 
·   –( NTA_UE-specific,new – NTA_UE-specific,old)
· UE subtracts the difference between common TA derived based on new parameters NTA,Common,new  and the value based on old parameters NTA,Common,old  from the accumulative closed loop TA  ().
·   –( NTA,Common,new - NTA,Common,old )
· Solution 2:  
· Cap max adjustment: 
· if |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1
· |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2
· minimum aggregate adjustement rate shall be x3 per T1 seconds
· maximum aggregate adjustment rate shall be x4 per T2 seconds
· FFS the values of x1, x2, x3, x4, T1 and T2.
Where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location,
· Solution 3: 
· Introduce two states of operation for the closed-loop, one absolute, where the TA command is applied in absolute values regardless of UE procedures (similar to RACH procedure) and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.
· Solution 4: 
· Revise the common TA update equation into gradual update equation: NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N
· Solution 5: 
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
· Solution 6: 
· How closed-loop TA is determined when NTA,UE-specific  or NTA,common are autonomously updated in RRC Connected state can be up to UE implementation as long as the UL synchronization requirement is fulfilled
When UE update the UE-specific TA or common TA autonomously according to the UE GNSS position and satellite ephemeris or common TA parameters, the reference time is varied, so there are double correction between  and reference time. In order to resolve this issue, UE should be able to stop UE autonomous TA compensation or predict the possible TA change for TA refinement when combining close-loop TA compensation. For example, UE can subtract the accumulated TA compensated by autonomous TA compensation during the period of close-loop TA generation. 
For solution 1: Solution1 resolves the double correction caused by UE-specific TA and common TA update. Meanwhile, it doesn’t need too much normalization. This may be up to UE implementation.
For solution 2: It is very complex logically and needs too much normalization work.
For solution 3: Two state for closed loop and open loop need be defined in the specification, and signalling overheads are increased.
For solution 4: It considered only the impact of the common TA updating on the closed TA control.
For solution 5: It considered only the impact of the UE-specific TA updating on the closed TA control.
For solution 6: It can be up to UE implementation, including the above some solutions relate to UE implementation.
Based on the pros and cons, we think implementation specific way is one good trade-off to resolve this issue. 

Proposal 1: On the double-correction of close-loop TA and open-TA, implementation specific way can be used to resolve this issue.  

0. Epoch time
We had achieved consensus on epoch time in last meeting, however, the wording is not accurate. The agreement is to say if SIB indicates the epoch time, then UE follows the gNB indication, otherwise, if not indicated, UE can derive epoch time from the SI window. Current wording seems the implicit way is out.  
	RAN1#107e agreement:
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.


So we propose to add one word “not” to make it clear to support the implicit way.  
	· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when not indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.



Proposal 2: Correct the description on the implicit epoch time as following: 
Otherwise, when not indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.

0.2  in the initial access
The UE initial transmission timing error requirement for initial access is defined by RAN4 when the PRACH transmission or the msgA transmission. And the UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 1. In order to derive Te_NTN, RAN4 assumed Te_NTN = Te + Te_GNSS + Te_SAT, where,
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Te_SAT is the serving-satellite position estimation error
Table 1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[29]*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	[24]*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

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




 is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. It is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response. For the timing advance command present in the Random Access Response (Msg2/Msg B) the value of the NTA,old is the value corresponding to NTA for the PRACH transmission, i.e., NTA,old = 0.
As the subcarrier intervals get larger and larger, the cyclic prefix becomes smaller and smaller and Te_NTN should become smaller and smaller. When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
·  . 
Where,  is the TAC field in msg2/msgB.
Then we think the working assumption in last meeting should be confirmed.

Moreover, according to timing error requirement for initial access, the maximum value of  is [29]*64*Tc, so that it doesn’t need 12bit, and 5 bits should be enough considering different subcarrier intervals.

Proposal 3: Confirm working assumption:
When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
.  .
Proposal 4: 5bit of TAC can be used to support the scope of  in the initial access considering different subcarrier intervals.

0.3 CR Corrections
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk86996296]In the R1-2112921 CR 38.211, the uplink-downlink timing relationship is defined considering NTN specific scenario. But based on the specification content planning, 38.211 only defines the timing relationship of UL and DL, and the detailed description of TA related parameters should be specified in 38.213. Moreover,  is UE self-estimated TA to pre-compensate for the service link delay, so it can not be equal to zero. In order to make it clear, we propose that the descriptions of  and  are shifted to 38.213, like other parameters  and .

Original CR 38.211 in R1-2112921:
	
Uplink frame number  for transmission from the UE shall start  

before the start of the corresponding downlink frame at the UE where 
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
[bookmark: _Hlk86995707][bookmark: OLE_LINK85][bookmark: OLE_LINK86]-	 is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise .



It should be revised as following:

Updated CR 38.211:  
	
Uplink frame number  for transmission from the UE shall start  

before the start of the corresponding downlink frame at the UE where 
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
-	 is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise .
-  ,  , and  are given by clause 4.2 of [5, TS 38.213].



and Updated CR 38.213 with added wording in red color:
	4.2 Transmission timing adjustments
UE periodically reads SIB message to acquire assisted information including satellite ephemeris and commonTA parameter, and timing advance is adjusted according to UE GNSS position information and assistance information indicated by the network. The network broadcast the validity duration for assistance information by high-level parameter ntnUlSyncValidityDuration in the SIB message. The UE assumes that it has lost uplink synchronization if serving satellite ephemeris and Common TA parameter are not available within the associated validity duration.
A UE can be provided a value  of a timing advance offset for a serving cell by n-TimingAdvanceOffset for the serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value  of the timing advance offset for the serving cell as described in [10, TS 38.133]. 
If a UE is configured with two UL carriers for a serving cell, a same timing advance offset value  applies to both carriers. 
Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value  that the UE expects to be same for all the serving cells in the TAG and based on the received timing advance command where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving cells in the TAG. 
For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates ul-TimingAlignmentEUTRA-NR as 'required' and uplink transmission timing based on timing adjustment indication for a TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission timing for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous intra-band EN-DC based on timing adjustment indication for a TAG from a serving cell in MCG in the band. The UE is not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time, even partially, with random access preamble transmitted in another CG.
 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise .
 is UE self-estimated TA to pre-compensate for the service link delay. And it is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise  is updated automatically by UE based on orbit modelling.
 is Timing advance adjust value and updated based on TA Command field in msg2/msgB and MAC CE TA command. It is defined as 0 for PRACH.
For a SCS of [image: ] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: ]. The start timing of the random access preamble is described in [4, TS 38.211].




Proposal 5:  Adopt the above CRs on timing relationship and parameter descriptions. 

1 Conclusion
In this contribution we discussed some issues of timing and frequency compensation, and provided technical solutions. The following proposals are presented.  
Proposal 1: On the double-correction of close-loop TA and open-TA, implementation specific way can be used to resolve this issue.  
Proposal 2: Correct the description on the implicit epoch time as following: 
Otherwise, when not indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
Proposal 3: Confirm working assumption:
When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
.  .
Proposal 4: 5bit of TAC can be used to support the scope of  in the initial access considering different subcarrier intervals.
Proposal 5: Adopt the two following CRs on timing relationship and parameter descriptions:
Updated CR 38.211:  
	
Uplink frame number  for transmission from the UE shall start  

before the start of the corresponding downlink frame at the UE where 
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
-	 is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise .
-  ,  , and  are given by clause 4.2 of [5, TS 38.213].



Updated CR 38.213 with added wording in red color:
	4.2 Transmission timing adjustments
UE periodically reads SIB message to acquire assisted information including satellite ephemeris and commonTA parameter, and timing advance is adjusted according to UE GNSS position information and assistance information indicated by the network. The network broadcast the validity duration for assistance information by high-level parameter ntnUlSyncValidityDuration in the SIB message. The UE assumes that it has lost uplink synchronization if serving satellite ephemeris and Common TA parameter are not available within the associated validity duration.
A UE can be provided a value  of a timing advance offset for a serving cell by n-TimingAdvanceOffset for the serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value  of the timing advance offset for the serving cell as described in [10, TS 38.133]. 
If a UE is configured with two UL carriers for a serving cell, a same timing advance offset value  applies to both carriers. 
Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value  that the UE expects to be same for all the serving cells in the TAG and based on the received timing advance command where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving cells in the TAG. 
For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates ul-TimingAlignmentEUTRA-NR as 'required' and uplink transmission timing based on timing adjustment indication for a TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission timing for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous intra-band EN-DC based on timing adjustment indication for a TAG from a serving cell in MCG in the band. The UE is not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time, even partially, with random access preamble transmitted in another CG.
 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise .
 is UE self-estimated TA to pre-compensate for the service link delay. And it is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise  is updated automatically by UE based on orbit modelling.
 is Timing advance adjust value and updated based on TA Command field in msg2/msgB and MAC CE TA command. It is defined as 0 for PRACH.
For a SCS of [image: ] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: ]. The start timing of the random access preamble is described in [4, TS 38.211].
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