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In the RAN1#104b-e meeting, there were some agreements and working assumption reached on UL time and frequency compensation, and also some remaining issues are left for further study as the follows[1]: 
Working assumption:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent at least to the UE and NR gNB.

Agreement:
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.

Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.

In this contribution, we further analyzed the remaining issues of UL timing and frequency compensation in NTN system, serving satellite ephemeris format. Potential problems and solutions are presented.

Discussion 
Ephemeris format 
Basd on last meeting agreements, the following two options are considered. 
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to 

The biggest advantage of satellite position based ephemeris is saving the UE efforts, while the biggest advantage of orbital information based ephemeris is allowing long term predication, e.g days or weeks. 
One important use case for long term predication is that for Ka band, satellite tracking before reading SIB will rely on history ephemeris information, but in this case, instant satellite position is not useful, because UE can’t get SIB before tracking the satellite signal correctly.
Hence, we propose:
Proposal 1: Ephemeris format based on satellite position and velocity state vectors and Ephemeris format based on orbital elements can be supported both for different scenarios. 
Regarding the details of orbital elements formats, current only 6 traditional parameters are considered. However, real satellite orbit doesn’t follow ideal Kepler's Law, which is impacted by the satellite perturbation and other factors. 
One example about constellation ephemeris data from TR37.355 is shown as below:
NavModelKeplerianSet ::= SEQUENCE {
	keplerToe		    INTEGER (0 .. 16383),
	keplerW			INTEGER (-2147483648..2147483647),
	keplerDeltaN		INTEGER (-32768..32767),
	keplerM0			INTEGER (-2147483648..2147483647),
	keplerOmegaDot	INTEGER (-8388608.. 8388607),
	keplerE			INTEGER (0..4294967295),
	keplerIDot		INTEGER (-8192..8191),
	keplerAPowerHalf INTEGER (0.. 4294967295),
	keplerI0			INTEGER (-2147483648..2147483647),
	keplerOmega0		INTEGER (-2147483648..2147483647),
	keplerCrs			INTEGER (-32768..32767),
	keplerCis			INTEGER (-32768..32767),
	keplerCus			INTEGER (-32768..32767),
	keplerCrc			INTEGER (-32768..32767),
	keplerCic			INTEGER (-32768..32767),
	keplerCuc			INTEGER (-32768..32767),
	...
}[2]
 
There are two reasons to support more sufficient indication of orbital ephemeris information:
· In the initial access, for saving the SIB overhead, fewer orbital parameters can be indicated to help UE conduct the access procedure.
· After the initial access, when CP is shorter in higher SCS, only 6 parameters indication is high risky to get reliable UL timing synchronization. Hence, on-demand finer orbital parameters can be indicated with UE specific way.

Proposal 2: Support on-demand finer orbital parameters indication with UE specific way.  

UL timing synchronization for NTN
Common TA and common drift rate indication
At RAN1 #104-e, it was agreed that TA calculation is based on the following equation:
 
Regarding common TA indication, it has agreed that it is network controllable and  with value of 0 is supported. However, when the RP is set in the satellite, common TA is not needed to indicate, instead, default 0 should be supported. By this way, the signaling overhead can be saved.
Furthermore, if the reference point is not configured at the satellite, feeder link timing change is needed to compensate it by the UE. Actually it will complicate UE implementation. Normally UE is required to compensate the service link TA, but if additional feeder link TA is compensated by the UE, the performance is not guaranteed. Instead, we prefer gNB to maintain the timing compensation of feeder link, because gNB can get accurate ephemeris information and satellite position information. 
Proposal 3: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Regarding the common TA signaling detail, if the reference point is on the gNB, the common TA should be equal to the RTT related to feeder link, which may reach to tens of milliseconds. If the reference point is located in the satellite, the common timing offset is equal to zero. If the reference point is placed in the service link, the common timing offset would be a negative value. To address different use cases, the common timing offset may cost up to 15 bits if the unit of  is adopted. This will cause more signaling overhead. In another hand, the common TA accuracy is not so important, because it is only used for UL common timing adjustment. Therefore, in order to save the signaling overhead, the granularity of common TA can be per 1024 or 2048 Tc level. 
Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.  

TA margin
During the first acquisition of its UE-specific TA, the UE can either underestimate or overestimate the TA if UE can’t get sufficient accuracy for satellite position and UE position. In case of overestimation, one gap between PUSCH signal and PRACH occasion should be reserved, otherwise, PRACH will cause the interference to PUSCH signal of other users. For underestimation, it will cause GP shrinking. 
Based on this context, the need of TA margin depends on two critical factors, in which the first one is the requirement of UL timing synchronization, and the second one is if the requirement is same as for connected mode and IDLE mode. If the timing requirement is same for RRC-IDLE mode and RRC-connected mode, the TA margin is not needed. So far we need to wait for RAN4 response.
Moreover, TA margin can be fixed value if needed. It is more related to UE implementation or UE requirement, and should not be configurable. Network can’t determine one TA margin range without UE information.
Proposal 5: TA margin can be one fixed value or not needed at all if UL timing requirement of RRC-IDLE mode and RRC-connected mode for UE is same.

Consideration on TA maintenance
TA update in RAR
During the initial access, the gNB estimates the initial TA based on the preamble transmitted by UE, and sends the TA command to UE in the Random Access Response (RAR). In NR, the RAR has 12 reserved bits to signal an index  where . UE calculates the relative TA value  using the formula that  (in units of  where for a subcarrier spacing of  kHz, where . Based on the indicated TAC and estimated UE specific TA, UE can compensate the TA before msg3. The following table shows the maximum distance compensated for different SCS using the current NR parameters.
Table 2: Maximum TA value in RAR for various SCS
	SCS
	
	Max.  
	Max. distance compensated

	15 kHz
	1
	2 ms
	300 km

	30 kHz
	2
	1 ms
	150 km

	60 kHz
	4
	0.5 ms
	75 km

	120 kHz
	8
	0.25 ms
	37.5 km

	240 kHz
	16
	0.125 ms
	18.75 km



When a GNSS-equipped UE is applied in the NTN, UE can determine UE position and satellite position based on ephemeris information. Furthermore, UE can calculate TA and compensate it in UL transmission. According to operation experience, the offset distance between the satellite and UE due to ephemeris information outdated is less than 10km within a week. As shown in Table 2, the minimum distance covered by the uplink TA is 18.75 km, which is greater than 10km. Hence, based on reasonable error range of ephemeris information, it may not be necessary to increase bit width of the TA command.
Proposal 6: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
 
TA maintenance
Based on last 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. 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. 
Proposal 7: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.  

Frequency pre-compensation for NTN
In DL signal transmission, due to big Doppler shift in LEO case, the downlink common Doppler shift for service link should be pre-compensated at gNB side and signaled to UE to guarantee the performance. For feeder link, the frequency compensation can be transparent to UE. From the implementation perspective, gNB can set any positions as the reference point to calculate Doppler shift. Residual frequency offset estimation can rely on downlink reference signal or primary and secondary synchronization signal. Based on the downlink common Doppler shift indication, UE is able to differentiate the frequency error caused by local oscillator and the Doppler shift, and further apply them in uplink Doppler shift compensation. 
For the UL frequency compensation, if the uplink common post-compensation Doppler shift is signaled to UE, UE will compensate residual Doppler shift to enable UL frequency alignment. If without indication, UE will not be able to take proper UL pre-compensation. Different UE may have different understanding to Doppler shift pre-compensation and finally cause UL interference. Only after correct UL frequency compensation, UL performance is guaranteed.
In handover case, UE has to do the synchronization with target cell. In order to speed-up handover procedure, source cell can indicate the UL Doppler compensation of target cell in advance. Then UE can send preamble signal with pre-compensation to speed up the RRC connection with target cell.
If the downlink common Doppler shift and uplink common Doppler shift both are not signaled to UE, UE will have to take DL/UL Doppler transforming to assume DL and UL apply same common Doppler shift compensation performed in the gNB. In this case, the accuracy is not good as the case with the notice of common Doppler shift compensation by network in case of UE estimation error happening. 
Proposal 8: Common Doppler shift compensation value of DL and UL for service link can be indicated to UE, which can be defined with Khz granularity. 
In last meeting, there was one working assumption:
Working assumption: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent at least to the UE and NR gNB.
For transparent payload, UE should not be responsible to compensate frequency error of the feeder link. While for NR gNB, it is unclear how to split the functionality of gNB and gateway. Since the feeder link error is not compensated by the UE, the network should compensate it. For the compensation performed by the gNB or gateway, it doesn’t belong to RAN1 scope. Instead, RAN4 can make the final decision.  
Proposal 9: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a transparent way at least to the UE, whether compensated by the gNB is up to RAN4 decision.
 
Conclusion
In this contribution we discussed some issues of timing and frequency compensation, and provided technical solutions. The following proposals are provided.  
Proposal 1: Ephemeris format based on satellite position and velocity state vectors and Ephemeris format based on orbital elements can be supported both for different scenarios.   
Proposal 2: Support on-demand finer orbital parameters indication with UE specific way.  
Proposal 3: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.  
Proposal 5: TA margin can be one fixed value or not needed at all if UL timing requirement of RRC-IDLE mode and RRC-connected mode for UE is same. 
Proposal 6: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
[bookmark: _GoBack]Proposal 7: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.   
Proposal 8: Common Doppler shift compensation value of DL and UL for service link can be indicated to UE, which can be defined with Khz granularity. 
Proposal 9: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a transparent way at least to the UE, whether compensated by the gNB is up to RAN4 decision. 
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