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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes the following objectives related to NTN deployment in above 10GHz bands:
	4.1.2	NR-NTN deployment in above 10 GHz bands

The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g., K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.




In previous meetings, it became clear that the timing pre-compensation might be an issue for the operation above 10 GHz, as the duration of the cyclic prefix becomes smaller [3][5]. 

[bookmark: _Toc116995842]Discussion
Discussion on transmit timing requirements
The issue of the timing relaxation due to GNSS inaccuracies has been previously discussed in RAN4 meetings ([3][4][5]) and our point of view has been thoroughly exposed in previous contributions [6][7]. 
Recently, RAN #101 has decided on the scope of the requirements for the operation above 10 GHz. And the following decision was made[8]:
· Requirements to be provided by two types of UE: mechanically-steered beams and electronically-steered beams
· Scenarios to be considered:
· Stationary and Mobile UE for GSO
· Stationary UE for LEO (NGSO). 
There are important aspects to be discussed, such as whether the type of UE affects the transmit timing requirements, and whether the mobility status of the UE (stationary or mobile) shall also be considered to affect the UE transmit timing.  In our point of view the UL transmit timing requirements has to be agnostic to both conditions mentioned above. As we discuss in the next subsections.
Timing Requirements agnostic to UE beam-steering mode. 
Whether the UE utilizes a mechanical steering or an electronic steering of its beams, this does not affect:
· The capability for reading serving cell ephemeris in SIBs. 
· The GNSS capability
· The DL reference signal.
Therefore, it is hard to justify that the transmit timing is affected by the type of beam steering adopted by the UE. Hence:
[bookmark: _Toc146732878]Transmit timing requirements are agnostic to UE type. Requirements are the same for Type 1 (fully electronically steered beam) and Type 2 (fully mechanically steered beam) and shall be discussed separately from the type-specific requirements. 
Timing Requirements agnostic to UE mobility
 In recent past, some companies explored the idea that fixed UEs should be capable to observe more strict requirements then mobile UEs, as they can gather more accurate GNSS precision over time. However, this is not a good outcome when the whole ecosystem is taken into consideration as it does not address the most fundamental problem: UEs with bad timing pre-compensation would still be source of harmful interference in UL. This would require gNB adjustments in the scheduler to deal with this kind of interference. 
It is not possible for the network to differentiate mobile and static UEs. Nor it can be guaranteed that a VSAT intended for static deployment cannot be mounted on a mobile platform. And most importantly, we cannot foresee whether the market will be dominated by one type of UE or the other; this is outside of 3GPP control. All of this, makes the deployment and development of gNB much more complex than needed. Therefore, the issue at hand is not solved and possibly not even alleviated by this approach.
[bookmark: _Toc146732879]Do not adopt different UL transmit timing requirements based on whether the UE is static or mobile

Alleviating the problem of UL transmission timing accuracy
In legacy deployments (i.e. terrestrial networks), the UE timing advance to be applicable at PRACH was equal to zero. This procedure was adopted such that the Network should be capable to adopt PRACH configurations compatible with the cell size, estimate the UE total timing advance and signal this information back to the UE. This meant that the initial PRACH transmission by any given UE would be “offset” to the reference UL timing in the gNB by up to twice the propagation delay relative to the cell size. 
In NTN, the UE is demanded, already at PRACH to perform pre-compensation to its position and to satellite ephemeris. In this case the TA applied at PRACH is different from zero, and the expectations are that the Random Access preamble transmission arrives at the gNB offset by at most ±Te. 
[bookmark: _Toc146732880]In terrestrial NW, the RACH transmission may arrive at the gNB offset to the gNB UL time by up to twice the propagation delay relative to the cell radius. In NTN, the expectation is that the RACH transmission arrives at the gNB offset to the gNB UL time by at most ±Te.
It is clear that the cyclic prefix of the RACH preamble and the choice of the RACH format is not used to its full extent to facilitate the RACH procedure to go through, as the transmit timing requirements are much more stringent in NTN (zero-offset expected from the get-go). 
[bookmark: _Toc146732881]The RACH procedure is not fully used as intended in NTN to assist the UE to estimate its timing advance. 
Another option explored in the previous RAN4 meeting, also highlighted on the box above relates to adopting different requirements for the transmit timing accuracy for different UL channels. 
The idea is that for the very first PRACH message, the network can select RACH formats with larger cyclic prefix, calculate and issue a timing advance command in RACH msg3, where the timing advance command is expected to compensate for the errors in the UE pre-compensation, and from that point on, enforce tighter requirements on the PUSCH channel.  
As we previously discussed, in order to accommodate for the delay budget and the inaccuracy of the common TA information, it is important that the delay budget is not fully consumed by UE inaccuracies. For technical implementation reasons, it is important that the total delay budget consumed by the transmit timing inaccuracy do not supersede 50% of the cyclic prefix. 
The Table 1 below presents the duration of the cyclic prefix for the different PUSCH and RACH formats. In green the formats that would tolerate up to 12 Ts of transmit timing innacuracies ( which is 9 Ts larger than the 3 Ts in specifications for the terrestrial applications). 
Table 1 Table with Cyclic Prefix Size for different UL channel formats
	Channel
	SCS = 60 kHz
	SCS = 120 kHz

	
	Ncp [Ts]
	CP duration [us]
	Ncp [Ts]
	CP duration [us]

	PUSCH/PUCCH
	36
	1,2
	18
	0,6

	RACH Format A1
	72
	2,3
	36
	1,2

	RACH Format A2
	144
	4,7
	72
	2,3

	RACH Format A3
	216
	7,0
	108
	3,5

	RACH Format B1
	54
	1,8
	27
	0,9

	RACH Format B2
	90
	2,9
	45
	1,5

	RACH Format B3
	126
	4,1
	63
	2,1

	RACH Format B4
	234
	7,6
	117
	3,8

	RACH Format C0
	310
	10,1
	155
	5,0

	RACH format C2
	512
	16,7
	256
	8,3



[bookmark: _Toc146732882]If further relaxation is adopted for PRACH formats, limit the transmit timing inaccuracy, Te_NTN , to 12 Ts in total. 

UL Transmit timing accuracy for PUCCH and PUSCH
At the SAN side, the uncertainty of the UE transmission timing depends on several factors such as:
· Transmit timing error
· The maximum transmit timing adjustment error
· The quantization error within the timing advance command. 
· Time dispersion of the channel
· Numerical errors on the calculation of the ephemeris and common delay parameters

The uncertainty of the UE transmission must be absorbed by the cyclic prefix. The CP duration, , for the normal CP operation, as defined in [10] depends on the SCS: 


In Rel-17, for NTN deployments, the transmit timing error limit was relaxed to introduce up to 80 meters of inaccuracy. As the timing advance corresponds to the double of the propagation delay, the relaxation considered the time for the signal to travel 160 meters. So, considering  as the relaxation time

For simplifying the analysis, we will consider . Assuming the transmit timing error limit, Te_NTN = Te + Trelax, is the absolute timing error, the receiving system must be prepared to receive one UE with transmit timing error equal to +Te_NTN and another UE with transmit timing error equal to –Te_NTN. In other words, the delay budget reserved to absorb the impact of UE transmit timing inaccuracy is twice as large as Te_NTN. This alone would make it impossible for the implementation of the GNSS relaxation for these SCS, as showed in Table 1.
Table 1. Impact on the delay budget of the relaxation of transmit timing error requirement
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	 [Ts]
	Te (terrestrial) [Ts]
	Trelax[Ts]
	Tcp –2( Te – Trelax )[Ts]

	15
	60
	36
	10
	16
	-16

	30
	60
	36
	7
	16
	- 7

	120
	60
	36
	3.5
	16
	-3

	240
	60
	36
	3
	16
	-2

	120
	120
	18
	3.5
	16
	-21


This was reason to exclude 60 kHz from the Rel-17 operation on FR1 as it would consume most of the delay budget and preclude any practical application. 
[bookmark: _Toc146732883]In Rel-17, the inclusion of relaxed timing requirements due to GNSS and satellite position inaccuracies led to the exclusion of the 60 kHz of the FR1 operation since it would consume most of the delay budget. 
In addition to the transmit timing inaccuracy, the delay budget is also affected by the dispersion of the channel. 3GPP has previously agreed on reference channel models for NTN, originated during the study item phase [13] for NTN deployments and that are now used as the reference channels for demodulation [14]. The channel model NTN-TDLA100 has a rms delay spread of 100 ns; with the detailed model describing a relevant delay path with a 285 ns delay (which corresponds to 8.8 Ts).    It is worth noting that the delay spread of the NTN reference model is higher than any of the delay spreads considered for 60 and 120 kHz before in TN [13][14], which makes the delay budget even more stringent in NTN. 
Besides, another component that need consideration is the “systematic error in the common TA” that will be observed in practical deployments that ensues from reduced accuracy of the polynomial fit. Since we only have a 2nd order polynomial to describe the Common TA there will be a “systematic error” due to modeling of the feeder link (common TA), which will evolve over time. This aspect was discussed in RAN1 contribution that have shown that this error can become quite substantial in R1-2110900, where it is seen that even for 10 seconds of horizon of prediction, we may see a systematic error of ~1us.  
To accommodate for the delay budget and the inaccuracy of the common TA information, it is important that the delay budget is not fully consumed by UE inaccuracies.
[bookmark: _Toc146732884]For the operation in the NTN Ka-bands, if the chosen SCS is 60 or 120 kHz, the transmit timing error limit must be up to 4 Ts for 120 kHz and 8 Ts for 60 kHz for PUSCH and PUCCH. 




[bookmark: _Toc116995848]Conclusion
In this paper we discussed the operation in NTN for frequencies above 10 GHz. Based on our discussion, the following set of observations and proposals was made:

Proposal 1: Transmit timing requirements are agnostic to UE type. Requirements are the same for Type 1 (fully electronically steered beam) and Type 2 (fully mechanically steered beam) and shall be discussed separately from the type-specific requirements.
Proposal 2: Do not adopt different UL transmit timing requirements based on whether the UE is static or mobile
Observation 1: In terrestrial NW, the RACH transmission may arrive at the gNB offset to the gNB UL time by up to twice the propagation delay relative to the cell radius. In NTN, the expectation is that the RACH transmission arrives at the gNB offset to the gNB UL time by at most ±Te.
Observation 2: The RACH procedure is not fully used as intended in NTN to assist the UE to estimate its timing advance.
Proposal 3: If further relaxation is adopted for PRACH formats, limit the transmit timing inaccuracy, Te_NTN , to 12 Ts in total.
Observation 3: In Rel-17, the inclusion of relaxed timing requirements due to GNSS and satellite position inaccuracies led to the exclusion of the 60 kHz of the FR1 operation since it would consume most of the delay budget.
Proposal 4: For the operation in the NTN Ka-bands, if the chosen SCS is 60 or 120 kHz, the transmit timing error limit must be up to 4 Ts for 120 kHz and 8 Ts for 60 kHz for PUSCH and PUCCH.
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