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1. Introduction
In RAN4#90e meeting, the way forward on NTN RRM timing related requirements was approved [1].After discussion, initial agreements have been reached. But more issues are FFS. This document will discuss this topic further and present our understanding and proposals.

2. Discussion
2.1.	UL timing control
In TN system, the UE transmit timing is defined as following in TS38.133 [2]:
The uplink frame transmission takes place (NTA+NTA_offset)Tc before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.

The NTA_offset is defined in [2] and can be configured by NW. NTA_offset is mainly used to make GAP between UL frame and DL frame for switching UL to DL in TDD mode by UE transmit having a fixed timing advance. NTA is value of UE transmit timing advance signaled to UE.  gNB sends UE specific NTA such that the uplink from all UEs should reach to gNB at the same time.
We think the NTA_offset is also needed in NTN system, because TDD should be supported in NTN. The existing NTA_offset value defined in Table 7.1.2-2 in TS38.133 can be reused.
Observation 1: The existing NTA_offset value defined in Table 7.1.2-2 in TS38.133 can be reused in NTN.
In NTN system, as figure 1 captured from TS38.821 [3], the propagation delay consists of delay between UE and satellite, and delay between satellite and gateway or gNB.


Figure 1: Networking-RAN architecture with transparent satellite
It is agreed that the propagation delay between UE and satellite, represented as NTA-UE_pre-compensation, should be calculated by UE based on ephemeris data received from NW and PVT data of UE itself. The timing of DL and UL signal can be aligned at serving satellite by NUE_pre-compensation.
Observation 2: UE will perform transmit timing pre-compensation for propagation delay between UE and satellite, and calculate parameter NTA-UE_pre-compensation.
The propagation delay between satellite and gateway (or gNB) , represented as NTA-Common, should be calculated by gNB based on ephemeris data and PVT data of gateway (or gNB). NTA-Common is depended on timing reference point at which the timing of DL and UL signal will be aligned, and will be applied for all UEs connected with the gNB.
Therefore, in NTN systems, the UE transmit timing advance can be expressed as:
TA = (NTA-UE_pre-compensation + NTA-Common + NTA + NTA_offset)Tc
In our understanding, NTA should be set to zero or not send to UE if NTA-UE_pre-compensation is applied. The reason is that the NTA and NTA-UE_pre-compensation may not be aligned.  They should not be applied at the same time to make confusion. How to use NTA, we think it should be discussed in RAN1, and it does not need discussion in RAN4.  

Observation 3: Whether to use NTA and NTA-Common, how to use NTA and NTA-Common, it should be RAN1 work. 
If timing reference point of DL-UL timing alignment is at satellite, NTA-Common should be set to zero or not signal to UE, otherwise, NTA-Common should be set to UE. The timing reference point of DL-UL timing alignment and NTA-Common have been discussed in RAN1 and no decision yet. Considering the satellite may work in regeneration mode in NTN system, the timing reference point of DL-UL timing alignment will be at satellite and the value of NTA-Common should include value of zero or configuration of that gNB doesn’t configure this signal to UE.
Observation 4: The parameter of timing pre-compensation for feeder link propagation delay, represented as NTA-Common, should include  value of zero or configuration of that gNB doesn’t configure this signal to UE.

2.2.	UL timing requirements
In TN system, the requirements for UE initial transmission timing error are defined, i.e., the timing error shall be less than or equal to ±Te. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA+NTA_offset)Tc. The definition of transmission timing error can be expressed as figure 2.


Figure 2.  The relationship of DL timing, UL timing, and Te
The UE transmit timing error consists of down frame timing detection error, different of T’c and Tc (i.e. UE frequency error), transmit timing set error at baseband, and transmitter delay error from baseband to transmitter antenna connector. The (NTA + NTA_offset) is only digital value signalled to UE, will not impact the Te requirement.
As discussed in section 2.1, the (NTA+NTA_offset) will be replaced with (NTA-UE_pre-compensation + NTA-Common + NTA + NTA_offset) in NTN system. (NTA-Common + NTA + NTA_offset) is also digital value calculated by gNB and signaled to UE. They will not impact the Te requirements.
Observation 5: The UE transmit timing requirement, Te, will not be impacted by parameters of NTA-Common , NTA , and NTA_offset signaled to UE.
NTA-UE_pre-compensation is calculated by UE position measured by A-GNSS and PVT data of satellite. The UE transmit timing pre-compensation accuracy should be obtained from the PVT data accuracy of satellite and UE. The position estimation shall meet 30m accuracy (nominal accuracy) or 100m accuracy (worse cases) with 95% Success rate as specified in TS38.171 [4]. The NTA-UE_pre-compensation accuracy can be estimated about 0.2µs and 0.67µs (2 times of propagation delay) by 30m and 100m position accuracy. The Te defined in [2] are 3*64*Tc ~12*64*Tc, i.e. 0.098µs~0.39µs. The NTA-UE_pre-compensation accuracy will have huge impact on UE transmit timing requirement, Te. The UE transmit timing requirement might be defined as value defined in table Table 7.1.2-1 in [2] + 2*∆Pos /c.  ∆Pos is the Positioning accuracy which is the error between the estimated position and the true position. It is based on UE A-GNSS capability. And c is light velocity.
Observation 6: The UE transmit timing requirement, Te, will be impacted by NTA-UE_pre-compensation accuracy. The UE self-estimating error of NTA-UE_pre-compensation should be counted into UE transmit timing error.
Observation 7: Te might be defined as value defined in table Table 7.1.2-1 in [2] + 2* ∆Pos /c. ∆Pos is the Positioning accuracy which is the error between the estimated position and the true position. It is based on UE A-GNSS capability.

2.3.	TA adjustment requirements
The UE transmit timing pre-compensation accuracy will impact on timing accuracy received by gNB. It should be required all UE signal timing received by gNB within timing window, e.g. ±0.5CP. The timing accuracy will be impacted by the TA adjustment tracking moving of satellite and UE. In current RRM specification [2], the adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
Tq and Tp are defined as 2.5*64*Tc for FR1 and 5.5*64*Tc for FR2.
The rules are defined considering UE moving with propagation path change. For the NTN, the propagation path change may not be mainly factor, but position change with high moving speed may be important. The maximum aggregate adjustment rate for FR1 is 5* 5.5*64*Tc = 0.895µs/s, about equal distance of 268m/s, i.e. 966.8km/h. This adjustment rate can be reused for UE on the ground, but may not be applied for aircraft that the velocity is up to 1200km/h. On the other hand, the satellite velocity is more high, e.g. about 7.56km/s for LGO600km. The maximum distance change rate is at minimum elevation angle for user equipment, i.e. β = 10˚ and get α = 15.836˚. ∆D = v*cos(90-(180-100-15.836)) = 7.56*cos25.836 = 6.8km/s. If requested tracing 268m/s, i.e. with Tq, UE should adjustment it uplink timing with Tq every 39.412ms. The maximum aggregate adjustment rate can be Tq per 20ms with some margin.


Figure 3.  
Observation 8: The Tq and Tp can be reused. The maximum aggregate adjustment rate should be Tq per 20 ms.

3. Conclusion
This document discussed the topic of NTN RRM timing related requirements and presented following observations:
Observation 1: The existing NTA_offset value defined in Table 7.1.2-2 in TS38.133 can be reused in NTN.
Observation 2: UE will perform transmit timing pre-compensation for propagation delay between UE and satellite, and calculate parameter NTA-UE_pre-compensation.

Observation 3: Whether to use NTA and NTA-Common, how to use NTA and NTA-Common, it should be RAN1 work.
Observation 4: The parameter of timing pre-compensation for feeder link propagation delay, represented as NTA-Common, should include  value of zero or configuration of that gNB doesn’t configure this signal to UE.
Observation 5: The UE transmit timing requirement, Te, will not be impacted by parameters of NTA-Common , NTA , and NTA_offset signaled to UE.
Observation 6: The UE transmit timing requirement, Te, will be impacted by NTA-UE_pre-compensation accuracy. The UE self-estimating error of NTA-UE_pre-compensation should be counted into UE transmit timing error.
Observation 7: Te might be defined as value defined in table Table 7.1.2-1 in [2] + 2*∆Pos /c. ∆Pos is the Positioning accuracy which is the error between the estimated position and the true position. It is based on UE A-GNSS capability.
Observation 8: The Tq and Tp can be reused. The maximum aggregate adjustment rate should be Tq per 20ms.
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