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1. Introduction
In RAN4#97-e meeting, the general NTN RRM requirements were discussed and a way forward was agreed in[1]. In this contribution, we further discuss the NTN timing requirements. 
2. Discussion
2.1. Timing
2.1.1. UE transmit timing

Initial transmission timing

As specified in TS 38.133[2], subclause 7.1
	The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:

-
when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission.

The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.


By using CP, the gNB can eliminate inter symbol interference caused by multipath as long as UE fulfill the ±Te transmit timing requirements.
Since the CP length in R17 NTN network is maintained, the existing Te requirements defined in TS 38.133[2] could be reused.
Proposal 1: For initial transmission timing, the existing Te requirements defined in Table 7.1.2-1 can be a baseline for R17 NTN network.
Gradual timing adjustment

In order to eliminate the impact caused by DL timing drift and guarantee the transmission timing error always fulfill the Te requirements, the UE is required to adjust its timing to within ±Te, the adjustment rules in R16 TN network are specified as follows in[2], the Te requirement is shown in Table2.1.1-1:

	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.


For LEO NTN network, the DL timing drift is larger than that of TN network because of maximum delay variation as seen by UE, up to ±40µs/sec≈79Tc/ms for the worst case. We assume a time period Td that DL timing drift equals to Te due to RTT shift per Td, the corresponding Td in different SCS configuration is as shown in last column in Table2.1.1-1. The logic of adjustment rules in R16 TN network can be reused, but the adjustment rate and/or the timing change in one adjustment shall be further evaluated. We propose to both increase the maximum amount of the magnitude of the timing change in one adjustment and the maximum aggregate adjustment rate, such as Tq’ per X ms. We can first evaluate the value X based on service demand and UE capability, and then calculate Tq’, i.e., Tq’≥(79Tc+Tq/200)×X.
Proposal 2: For LEO NTN network gradual timing adjustment, the maximum amount of the magnitude of the timing change in one adjustment and the maximum aggregate adjustment rate should be studied, such as Tq’ per X ms.

· evaluate the value X based on service demand and UE capability

· calculate Tq’, i.e., Tq’≥(79Tc+Tq/200)×X.
Table 2.1.1-1: Te Timing Error Limit

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Td (DL timing drift equals to Te)(ms)

	1
	15
	15
	12*64*Tc
	9.7

	
	
	30
	10*64*Tc
	8.1

	
	
	60
	10*64*Tc
	8.1

	
	30
	15
	8*64*Tc
	6.5

	
	
	30
	8*64*Tc
	6.5

	
	
	60
	7*64*Tc
	5.7

	2
	120
	60
	3.5*64*Tc
	2.8

	
	
	120
	3.5*64*Tc
	2.8

	
	240
	60
	3*64*Tc
	2.4

	
	
	120
	3*64*Tc
	2.4

	Note 1:
Tc is the basic timing unit defined in TS 38.211 [6]


As for GEO NTN network, since GEO keeps relatively stationary to UE and gNB, there is nearly no maximum delay variation caused by GEO movement. In our view, the gradual timing adjustment requirement for GEO NTN network and LEO NTN network should be different. The R16 adjustment requirements can be a baseline for GEO NTN network. 
Proposal 3: The R16 gradual timing adjustment requirements can be a baseline for GEO NTN network.

2.1.2. UE timer accuracy

The timer accuracy requirement is generic for different scenarios. UE timer accuracy can be kept as that in R16 specification.

Proposal 4: UE timer accuracy can be kept as that in R16 specification.

2.1.3. Timing advance

There are some agreements about UL timing synchronization achieved in RAN1#103e, we list as follows for reference:

	Agreement 1:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement 2: 
In NTN, the network may broadcast 

· A common timing offset value 

· FFS details of the common timing offset

· FFS: A common timing drift rate

Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

[image: image1.png]TA = (Nga + Npg offset[+X]) X Tc[+X]




Where:
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is derived from the User specific TA self-estimation
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 is derived at least from the common timing offset value if broadcasted by the network. The granularity of and whether is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.

· [image: image7.png]N7a, offset



depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.

· [image: image9.png]


 is specified in TS 38.211 section 4.1. 

· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.


The initial accessing TA including UE specific TA and common timing offset value (if broadcasted by the network). Regardless whether network broadcast the common timing offset value, the initial access TA error mainly consists of inaccuracies of UE position and satellite position. Whether the inaccuracies of UE position and satellite position are explicit defined by positioning error or implicit defined by timing error can be further studied.
For the TA update in connected mode, in RAN1, the open-loop update and closed-loop update are under discussing. From our point of view, combining two schemes can achieve better timing synchronization performance in NTN network. In this way, the inaccuracies of UE position, the inaccuracies of satellite position, timing advance adjustment accuracy and TA command resolution error should be considered in the TA adjustment accuracy. Whether the inaccuracies of UE position and satellite position are explicit defined by positioning error or implicit defined by timing error can be further studied.
Observation 1: The UE evaluated TA error mainly consists of inaccuracies of UE position and satellite position.

Observation 2: How to capture the TA update requirements in connected mode should be based on RAN1 agreements.

2.2. GNSS requirements

In WID[3] and WF in last meeting, both point out that UEs with GNSS capabilities are assumed, and in RAN1#103-e meeting, the agreement has been achieved as follows:
	Agreement 1:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

Agreement 2:

An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement 3:

An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.


In brief, GNSS-acquired position will be at least used in UE specific TA calculation and frequency pre-compensation calculation. The UE specific TA calculation will further impact the TA error for initial access and TA update, it also has the influence to whether UE can fulfill the UE transmit timing requirements. Therefore, the GNSS positioning accuracy should be considered by RAN4.

As mentioned in[4], there are two ways to specify the GNSS positioning accuracy. The first is an explicit way which specifying requirements for the GNSS itself. The second is an implicit way which specifying requirements for the RRM functionalities, such as UE transmit timing, timing advance and so on. By using the first way, the GNSS position accuracy should follow the requirements as ΔGNSS_UE=minimum{ΔGNSS _UE_transmit timing, ΔGNSS _UE_TA, ΔGNSS_UE_frequency compensation, …}, each factor in the function should be considered in related requirement. Besides, for service link, the total error should consider the UE positioning error and the satellite positioning error jointly, 
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Proposal 5: Both explicit way and implicit way can be considered to specify the UE GNSS positioning accuracy requirement.
In way forward [1], the need for 3GPP to assume on-board GNSS capability should be further discussed. According to the input from Eutelsat[5], not all satellites are equipped with on-board GNSS. We propose to define the requirements without on-board GNSS as the baseline. The necessity of supporting enhanced timing requirements with on-board GNSS can be further studied.
Proposal 6: Defining the requirements without on-board GNSS as the baseline.

3. Conclusion

In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: For initial transmission timing, the existing Te requirements defined in Table 7.1.2-1 can be a baseline for R17 NTN network.

Proposal 2: For LEO NTN network gradual timing adjustment, the maximum amount of the magnitude of the timing change in one adjustment and the maximum aggregate adjustment rate should be studied, such as Tq’ per X ms.

· evaluate the value X based on service demand and UE capability

· calculate Tq’, i.e., Tq’≥(79Tc+Tq/200)×X.

Proposal 3: The R16 gradual timing adjustment requirements can be a baseline for GEO NTN network.

Proposal 4: UE timer accuracy can be kept as that in R16 specification.

Observation 1: The UE evaluated TA error mainly consists of inaccuracies of UE position and satellite position.

Observation 2: How to capture the TA update requirements in connected mode should be based on RAN1 agreements.

Proposal 5: Both explicit way and implicit way can be considered to specify the UE GNSS positioning accuracy requirement.
Proposal 6: Defining the requirements without on-board GNSS as the baseline.
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