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Introduction
In the RAN1#105-e meeting, the potential enhancements for UL time and frequency synchronization were extensively discussed and we have reached the following agreements [1]:
Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.
Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.

Conclusion:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.

R1-2106305	LS on broadcast of NTN GW or gNB position
Final LS endorsed in R1-2106332 with removal of the sentence, “Such assistance information from the Network might also be used by the UE to derive the position of the NTN GW or the position of gNB.”

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. We hope that our contribution may help making some progresses on this agenda item. 

Discussion
TA calculation
In RAN1#104bis-e meeting, it was proposed that the TA applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by the following:



Where:
·  is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
·  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. 
·  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.
From the above agreement, the common TA may include all the necessary timing offset so that we consider the TA margin is no longer needed to be discussed. 
Proposal 1:TA margin is no longer needed to be discussed. 

TA updating 
[bookmark: OLE_LINK2]Based on the RAN1#105-e discussion, there is still an issue which is how to update/accumulation    to be resolved. Considering the issue, the TA can be updated from time to time by either network or UE itself. For network triggered TA updating, the following should be considered. The term  equals zero for the PRACH transmission during the initial access, and updates based on TA Command field in msg2/msgB or MAC CE TA command as follows.  
TA updating by TAC from MAC-CE

When the TA is updated by MAC-CE, similar to TN system, the term NTA takes the indicated adjustment from TAC, i.e. NTA_new = NTA_old + adjustment, where the adjustment is and TA is the TAC indication in the range of [0, 63]. 
TA updating by RAR in msg2/msgB

When the TA is updated by RAR in msg2/msgB, the term NTA takes the indicated adjustment from RAR. In NTN system, the NTA updating can be the same as TA updating by TAC, i.e. NTA_new = NTA_old + adjustment, assuming NTA_old=0. The adjustment is and the TA is the RAR TAC indication in the range of [0, 3846]. 



Proposal 2: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].

Common TA updating 
In last meeting, extensive discussions were conducted on the way of tracking feeder link delay. One option is to leave the network to indicate the common TA and a common TA drift. However, from our simulation results, it seems that with these two parameters and if we assume the target delay tracking error is no larger than 1 us, the UE can only correctly track the feeder link delay up to 3 s, after which an updated common TA and the corresponding drift rate should be provided to the UE. However, to enhance the tracking stability, some companies proposed in the last meeting that the network additionally provides a second order derivative and a third order derivative. From our simulation results, it shows that with the aid of the second order derivative, the UE can already increase the tracking duration up to 27 s while keeping the delay tracking error under 1 us as shown in our simulation Fig. 1. 
[image: ]
Figure 1 Maximum delay error, where the source data is from the open data given in [2].
Observation 1: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption. 

In the following, we present another alternative for tracking the feeder link delay, which can significantly increase the tracking duration, resulting in a better tracking accuracy and smaller signaling overhead. In this alternative, when the network broadcasts a virtual reference point position, which is different from the actual RP position, it won’t cause any security issue. Then the UE can directly estimate the delay between the NTN satellite and the virtual RP position. A simulation result is provided in Fig. 2, where it can be clearly seen that the UE estimated delay is a time shifted version of the actual feeder link delay. In this case, the network can simply tell the UE the time shift value, so that the UE can accurately track the feeder link delay variation. In our simulation, we assume that the virtual RP position is arbitrarily located and the distance to the actual RP position is around 70 km. The delay tracking error using the virtual RP position and an indicated time shift is depicted in Fig. 3 for a tracking duration up to 1000 s, and the tracking error is always under 0.4 us. This is significantly lower than the previous alternative. Moreover, the virtual RP position as well as the time shift is not needed to be updated frequently, resulting in a much lower signaling overhead. 

[image: ]
Figure 2 A comparison of delay tracking using actual RP position vs. using virtual RP position
[image: ]
Figure 3 delay tracking error using proposed alternative

Observation 2: a delay between a virtual RP position and the NTN satellite is a time shifted delay of the one between the actual RP position and the NTN satellite. The delay tracking accuracy using a virtual RP position is better than those using common TA, common TA drift rate and second order derivative. 

Observation 3: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed. 

Observation 4: Feeder link delay tracking using a virtual RP position can significantly reduce the signaling overhead. 

Proposal 3: for common TA estimation, support network providing a virtual RP position and a time shift. The UE estimates the common TA based on ephemeris, the virtual RP position and the time shift. 

Serving-satellite ephemeris format
From the conclusion on 105-e, two sets of ephemeris format are agreed, i.e. 
· 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

Although the two ephemeris format can exist in the specification, there is still one issue to consider that the field size for each parameter.
Signalling overhead of Orbital parameter ephemeris format: 
For orbital parameter ephemeris format, in order to cover all the LEOs, MEOs and GEOs the range of semi-major axis is [6400, 43000] km.
For eccentricity, the range [0, 0.015] is more suitable for satellites in approximate circular orbits. Table 1 shows the signalling overhead and range. 

Table 1 Payload size of Orbital parameter ephemeris in the SIB

	Orbital ephemeris
	α
	e
	ω
	Ω
	I
	Mo

	N-Bits 
	26 bits
	19 bits
	24 bits
	19 bits
	18 bits
	24 bits

	Range  
	[6400, 43000]km
	[0,0.015]
	[0, 2π]
	[-π , +π]
	[-π/4  , +π/4 ]
	[0, 2π]

	[bookmark: OLE_LINK5]Payload
	~17 bytes



Signalling overhead of Satellite position and velocity state vectors: 
[bookmark: OLE_LINK4]For Satellite position and velocity state vectors,considering that the largest semi major axis is 43000km, the payload  size in the SIB needed for Satellite position and velocity state vectors as in Table 2.

Table 2 Payload size of Satellite position and velocity state vectors in the SIB

	Orbital ephemeris
	PX、PY、PZ
	VX、VY、VZ
	PX、PY、PZ
	VX、VY、VZ

	Resolution
	1m
	1m/s
	0.165m
	0.25m/s

	N-Bits 
	3*26 bits
	3*14 bits
	3*29 bits
	3*16 bits

	Range  
	[± 43000]km
	[±8km/s]
	[± 43000]km
	[±8km/s]

	Payload
	~15 bytes
	~17 bytes



The two ephemeris formats are given in accordance with the accuracy of 1:1. Considering the specific implementation, the payload sizes of different accuracies are different. Based on the above analysis, the two ephemeris information formats occupy the same field size in the case of higher accuracy of Satellite position and velocity state vector.
Proposal 4:  The two ephemeris information formats occupy the same field size with the higher accuracy of Satellite position and velocity state vector.
[bookmark: OLE_LINK6]
NTN UE Time Alignment Timers
The legacy timeAlignmentTimer is used for closed loop TA update. Similarly specific timers may be needed for open loop TA update. Some reasons for introducing this timer is as follows:
For  updating, based on above discussion, the UE estimates the common TA based on ephemeris, the virtual RP position and the time shift. So the UE needs to read SIB information for satellite ephemeris and use it to estimate the delay between the NTN satellite and the virtual RP position. Considering the maximum tolerable error, the ephemeris information should be valid within the certain time period. Hence, it is necessary to define a timer to ensure the validity of ephemeris information. Once the ephemeris information fails, the network needs to recalculate the delay between the NTN satellite and the virtual RP position.
For  updating, similar to the  updating, the UE also needs to read SIB information for satellite ephemeris and use it to estimate its specific TA during a certain time period. Considering the maximum tolerable error, the ephemeris information also should be valid within the certain time period. The same as   updating , it is also necessary to define a timer to ensure the validity of ephemeris information. Figure 3 shows the delay error between a point with the actual satellite position and the estimated satellite position. 
 
[image: ]
Figure 3 delay error between the actual satellite position and the estimated satellite position.

From the above result, the max delay error is about 0.5us within 180s and 1us within 250s. Considering that the maximum tolerable delay error is related to the tolerance defined by RAN4, if the maximum tolerable error is 1us, in which the error of satellite ephemeris information is 50%, i.e. 0.5us, then the timer may be set to 180s. In short, the timer of satellite ephemeris information is related to the maximum tolerable time delay difference range of RAN4. If the timer is exceeded, the ephemeris information has become invalid, and the UE needs to read the SIB information again. 
Above, this timer will restart if the UE receives new ephemeris information or new assistance information. The UE assumes it has lost uplink synchronization if this timer expires and new ephemeris information or assistance information is not available. Furthermore, in order to unify, it is better to use one timer for satellite ephemeris information used by   updating and  updating.
Proposal 5: A timer about the satellite ephemeris is introduced to ensure the accuracy of   and .

Frequency pre-compensation
For the frequency pre-compensation, there is still a FFS point from a RAN1 agreement from RAN1#104e meeting
Conclusion:
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.

Due to the high velocity of the satellite, e.g. LEO, if the network does not compensate a common Doppler shift, it would be difficult for the UE to completely compensate for this Doppler Effect by purely relying on the DL reference signal.  Thus, we suggest the NTN system to support the DL frequency compensate for the service link. 

Proposal 6: DL frequency compensation for the service link Doppler is supported.

PDCCH order related issue
The discussion about the PDCCH order was conducted in the past meetings. While the main topic was whether or not the PDCCH order should include a K offset, so that the network won’t spend unnecessary effort for the PRACH detection during the RTT. In this section, on the other hand, we would like to point out another issue on the UE behavior after receiving the PDCCH order. 
As we know that when there occurs an uplink mis-synchronization, the network may trigger a PDCCH order. But when the UE receives this PDCCH order, the TA timer might still be running, which means that the UE might not be necessarily aware that he is out of UL sync.  
To discuss this, let’s look at what the UE behavior is in the legacy system. In TN network, when a UE receives a PDCCH order, even the TA timer is not expired, the UE will give away the current TA and sending a PRACH applying TA=0. This is because the current TA is polluted already otherwise the network would not have sent this PDCCH order. That is, the UE will follow exactly the same behavior as it did during the PRACH transmission in initial access phase. 

Proposal 7: RAN1 to clarify: shall a UE continue using a polluted TA for PRACH transmission after receiving a PDCCH order. 

Conclusion
In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. The following observations and proposals were made, e.g. 
Observation 1: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption. 
Observation 2: a delay between a virtual RP position and the NTN satellite is a time shifted delay of the one between the actual RP position and the NTN satellite. The delay tracking accuracy using a virtual RP position is better than those using common TA, common TA drift rate and second order derivative. 
Observation 3: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed. 
Observation 4: Feeder link delay tracking using a virtual RP position can significantly reduce the signaling overhead. 

Proposal 1:TA margin is no longer needed to be discussed. 


Proposal 2: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].
Proposal 3: for common TA estimation, support network providing a virtual RP position and a time shift. The UE estimates the common TA based on ephemeris, the virtual RP position and the time shift. 
Proposal 4:  The two ephemeris information formats occupy the same field size with the higher accuracy of Satellite position and velocity state vector.
Proposal 5: A timer about the satellite ephemeris is introduced to ensure the accuracy of   and .
Proposal 6: DL frequency compensation for the service link Doppler is supported.
Proposal 7: RAN1 to clarify: shall a UE continue using a polluted TA for PRACH transmission after receiving a PDCCH order. 
[bookmark: _GoBack]
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