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Introduction
In RAN1#114 meeting, the following observation was made on the support of above 10GHz [1]:
Observation
There is potential RAN1 discussion on the following aspects to support the RAN4 work on NTN above 10 GHz:
· PRACH configuration
· UE autonomous timing advance in connection with transmit timing errors and their associated requirements.
·  Timing issues, e.g. MAC-CE application time in case of VSAT antenna for NR over NTN
· Reference subcarrier spacing for FR2-NTN
· Potential specification impact
No RAN1 specification impact is foreseen on channel raster and synchronization raster for NTN above 10 GHz.


In this contribution, we present the discussion on the potential RAN1 impact to support the RAN4 work on NTN above 10GHz.

Discussion


Common TA
The timing error requirement might be impacted when operating on the frequency band above the 10GHz due to the smaller CP length. From RRM perspective, RAN4 need to evaluate the UE initial transmission error requirement for above 10GHz frequency band. In order to guarantee the performance of UE UL transmission and gNB reception, the error budget for UE UL transmission should be smaller than half CP, which can be expressed as:

Where,
·  is delay spread which does not need to be considered for Ka band (TR38.811)
·  is UE UL initial timing error, Te_NTN = Te + Te_GNSS + Te_SAT
Te is the legacy timing error
Te_GNSS is the GNSS accuracy, Te_GNSS = 2* (GNSS positioning accuracy/c);
Te_SAT is the serving-satellite position estimation error, Te_SAT = 2* (serving-satellite positioning estimation accuracy /c)
·  is TA command quantization error ()  (TS38.213)
·  is UE TA adjustment error (TS 38.133, 7.3.2)
The maximum error for GNSS position and satellite position can be calculated in following table if we keep the Te requirement as in legacy design:

	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	CP length
	
	
	Te
	Remaining budget for  (Te_GNSS+Te_SAT)
	GNSS position error + satellite position error

	120
	60
	36*64*Tc
	2*64*Tc
	2*64*Tc
	3.5*64*Tc
	10.5*64*Tc
	56m

	
	120
	18*64*Tc
	1*64*Tc
	0.5*64*Tc
	3.5*64*Tc
	4*64*Tc
	21m

	240
	60
	36*64*Tc
	2*64*Tc
	2*64*Tc
	3*64*Tc
	11*64*Tc
	58m

	
	120
	18*64*Tc
	1*64*Tc
	0.5*64*Tc
	3*64*Tc
	4*64*Tc
	21m


It can be observed that at least for the case with 120kHz SCS, the timing error limits would be expected to be tight.
It has been proposed in previous meetings that the common TA related prediction error may contribute to the UL timing error [2]. If it is concluded that the common TA is the main source that contributes to the UL timing error, the following alternatives can be considered
· Alt 1: the 3rd order derivative for the description of the Common TA related parameters is provided to the UE
The evaluation results for set 0 (common TA only), set 1 (common TA and 1st order deviation), set 2 (common TA, 1st order deviation and 2nd order deviation) and set 4 (common TA, 1st order deviation, 2nd order deviation and 3rd order deviation) on the TA error are illustrated in the figure below:
[image: ]
Figure 1: Timing error with different common TA parameters
· Alt 2: the coarse gNB location is provided to the UE
The evaluation result for the case that the coarse gNB location is provided to the UE is illustrated in the figure below:
[image: ]
Figure 2: Timing error with provided gNB location
It can be observed that with both solutions, the timing error performance is improved. Thus it is proposed that if the common TA is the main source that contributes to the UL timing error, the 3rd order deviation or the coarse gNB location can be provided to the UE.

Proposal 1: The 3rd order deviation or the coarse gNB location can be provided to the UE if the common TA is the main source that contributes to the UL timing error.

SCS
In Rel-17, the reference SCS=15KHz is adopted which means that any indication of K_offset and K_mac would be provided with a resolution of 1 ms. The signalling ranges is defined from [1-1023] and [1-512] respectively. For the reference subcarrier spacing for NR over NTN above 10GHz, the following alternatives have been identified as follows [2]:
Alt 1: Keep the reference subcarrier spacing as for Rel-17 (meaning that K_offset and K_mac are defined with ms granularity)
Alt 2: Change the reference subcarrier spacing to match one of the SCS as available for FR2-NTN (limiting the time range that can be indicated by the parameters).
Alt 3: Change the reference subcarrier spacing to match one of the SCS as available for FR2-NTN and expand the signaling range for the parameters of K_offset and K_mac.
We don’t see the necessity to change the reference subcarrier spacing unless critical issue is identified.

Proposal 2: Keep the reference subcarrier spacing as for Rel-17 (meaning that K_offset and K_mac are defined with ms granularity)


Conclusions
In this contribution, we discuss the system parameter related issues to support the NR NTN operation on above 10GHz frequency band. Based on our analysis, we have the following proposals:

Proposal 1: The 3rd order deviation or the coarse gNB location can be provided to the UE if the common TA is the main source that contributes to the UL timing error.

Proposal 2: Keep the reference subcarrier spacing as for Rel-17 (meaning that K_offset and K_mac are defined with ms granularity)
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