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1	Introduction
During RAN4#105, a WF was agreed on UE requirements for ATG. Many issues are not yet resolved.
A fundamental issue for an ATG UE is that the hardware will not be comparable and mostly not re-usable from terrestrial UEs. An ATG UE will be mounted on the body of an aircraft and will need to fulfil all relevant avionics requirements, which are highly stringent on a component level and in a quite different environmental condition to TN UE. In addition, the output power, emissions and selectivity of an ATG UE might be impacted by other nearby radio transmitters and receivers on the aircraft, some of which may be safety critical. The exact requirements on an ATG UE may depend on the aircraft type into which it is to be integrated.
From a RAN4 perspective, a possible approach is to establish the minimum possible requirements to enable the cellular NR based communication to operate without placing any unnecessary constraints on the ATG UE. These requirements might not be fully sufficient and may in the worst case not even be feasible to meet other avionics constraints. However, as long as care is taken that the requirements are indeed minimum and constrain as little as possible, then they will ensure that cellular communication can work. The RF requirements will provide an essential baseline to which the design of the avionics UE can add further (avionics related) requirements as needed.
In this contribution, the UE requirements are further examined to consider the minimum feasible requirement.
[bookmark: _Ref178064866]2	Requirements from 38.101-1

Maximum output power
The output power from the UE may depend on the aircraft type and exact deployment scenario. Currently, there is a lack of knowledge in 3GPP of the feasible output power for an ATG UE considering all design and regulatory constraints. For this reason, it was agreed at RAN4#105 that the output power, signalled to the network:
RAN4 can specify a range of ATG UE MOP, e.g.. 29dBm ~ FFS. ATG UE can indicate its MOP by using UE capability. The tolerance of ATG UE MOP can be ±2dB.
The indicated capability takes into account the band in which the UE is operating and any NS value signaled.
In regard to the output power range, the upper end should be limited to the maximum output power modelled in the co-existence simulations, since this is the basis for ensuring co-existence. The minimum power could be somewhat lower than 29dBm; e.g. 23dBm, to cover for any scenarios in which the UE is always expected to be relatively close to the BS, or for UEs with a larger array gain.
[bookmark: _Toc127552386]The output power range is 23dBm – [Maximum output power used in co-existence simulations]

MPR and A-MPR
The UE specification allows for MPR to take into account of differing PAPR characteristics for e.g. modulation order or CA. It also allows for A-MPR to enable UEs to reach regional emissions limits indicated by NS values.
The IAB-MT, for which the output power is declared, does not have MPR or A-MPR. However, an IAB is deployed in a known area and the declared power can take into account regional emissions limits. Also, an IAB-MT is expected to operate with LoS and a higher modulation order most of the time and needed MPR for the modulation can be taken into account in the declared power level.
In the case of an ATG UE, the UE may pass between different regions, and hence need to meet different requirements (i.e., different NS values). It could potentially change its maximum output power by means of indicating a new UE capability for maximum output power. Alternatively, A-MPR could be used.
One consideration for an ATG UE is that the components will need to be avionics grade and the output power will be different to other types of UEs. Taking this into account, it may be that the A-MPR values captured in the specification are not suitable for an ATG UE. Allowing for the UE to re-signal it’s MOP could avoid the need to examine the A-MPR values.
It should be noted that the NS value is only likely to change when the UE changes region and operator and so signalling a new capability with a different MOP should be straightforward.
[bookmark: _Toc127552387]To deal with different NS values in different regions, the UE could signal a different MOP when it enters a network with a different NS instead of using A-MPR.
[bookmark: _Toc127552388]In case A-MPR would be used, RAN4 needs to check whether the current A-MPR are suitable for avionics UEs at higher TX power.

Regarding MPR, currently there is no CA for ATG UEs, and so the question would be whether MPR should be defined to take into account modulation order and PA configuration. Since the link to the aircraft will be LoS and should be high capacity, it can be expected that the same modulation order will be used most of the time and that the modulation order should be high. It is not likely that the aircraft will operate at a coverage limit with e.g. QPSK as the capacity would then be too low for serving all passengers within the aircraft. Thus, in our view it should be sufficient to state the MOP assuming maximum modulation order. We do not have a strong view though and MPR could be defined if needed. However, a difficulty with defining MPR is that it may not be fully clear whether the MPR can be the same for avionics UEs with higher output power as for conventional Ues.
[bookmark: _Toc127552389]Specify the MOP to be at maximum modulation order instead of defining MPR.

Minimum output power
The minimum output power can be estimated based on the scenario with minimum pathloss towards the BS and maximum antenna gain.
The minimum altitude considered for ATG is 3km, and thus the absolute minimum possible distance from the aircraft to an ATG BS is 3km. We consider a scenario with the BS antenna pointing straight up at the UE and the UE antenna pointing straight down. This scenario is not very likely, but it is the minimum theoretically possible pathloss. We assume a minimum likely SNR target of 0dB. In reality, a higher SNR target is likely to be deployed and the needed power would then be higher than this minimum. Hence the estimate of minimum UE power based on this scenario is pessimistic and the UE power could be higher.
With the above assumption, for 2GHz and an omni-directional UE, the coupling loss is 108dB (pathloss) – 24dB (BS antenna gain) = 84dB. In 20MHz, the BS noise floor is -96 dBm. So, the UE power needed is -12 dBm.
For 4GHz and a 20dB gain UE, the coupling loss is 114dB (pathloss) – 24dB (BS antenna gain) – 17dB (UE antenna gain) = 73dB. In 100MHz, the BS noise power is -89dBm. So, the UE output power needed is -16 dBm.
Taking this into account, a minimum output power of -20dBm should be sufficient. The analysis is of an unlikely scenario of an aircraft at minimum altitude over a BS directly pointing at it; if a more realistic scenario would be considered then an even higher UE minimum output power could be considered.
[bookmark: _Toc127552390]Define UE minimum output power to be no less than -20dBm summed over all connectors.

Transmitter OFF power
The OFF power requirement applies for TDD at 4GHz.
The transmitter OFF power is defined to prevent interference between adjacent UEs during DL slots. ATG UEs will never be adjacent; they will be separated by the separation distance of aircraft. Furthermore, they will not point their beams towards each other.
Pathloss at 8km (FAA minimum horizontal separation) is 122.5dB. To achieve 10dB RX power lower than a noise floor of -89dBm, the OFF EIRP would need to be no more than 23.5 dBm. Based on the 4GHz UE antenna array assumption used for the co-existence study and assuming an absolute worst case that both the transmitting and receiving antennas are pointing beams directly at one another (which will in reality not happen), thus equates to a UE TRP OFF power of -10.5dBm .
Clearly, even in this extreme worst case, the OFF power can be relaxed significantly compared to the terrestrial requirement. To add some margin, we propose the OFF power should be the same as the minimum power; i.e., -20dBm.
[bookmark: _Toc127552391]OFF power is -20dBm (or the UE minimum power) summed over all connectors.

Transient time
The TDD transient time should be aligned with the TN transient time for convenience.
[bookmark: _Toc127552392]TDD transient time is the same as in the TN specifications

Power control absolute and relative tolerance
It is not obvious how accurate the power control needs to be for ATG, nor whether the avionics UE design poses any constraints on power control accuracy. Provisionally, the same requirements as TN could be assumed.
[bookmark: _Toc127552381]Further analysis is needed on the power control accuracy requirement. Provisionally the requirements could be the same as for a TN UE.

Frequency error
To ensure proper operation of the BS demodulation algorithms, we propose that the requirement of 0.1ppm is used.
[bookmark: _Toc127552393]Frequency error requirement is 0.1ppm.

EVM
Although the TX capabilities of an avionics UE are not clear, from a link perspective it seems reasonable to set the same EVM requirements as for the TN UE.
[bookmark: _Toc127552394]EVM requirements can be the same as TN UE.

Carrier leakage and in-band emissions
The in-band emissions regulate leakage from a UE into other parts of the carrier when it has a partial UL allocation. The level of the in-band emissions requirement depends on a number of factors including the type of emissions, the distance of an unallocated RB from the allocation in frequencies, the number of allocated RBs, the EVM etc.
For the general IBE, the existing requirements are stated in terms of an allowed limit on emissions per unused RB. The limit depends in some circumstances on the distance in frequency of the unused RB from the allocation. Figure 1 depicts the relative emissions limit of power per RB in the wanted allocation to power in the first unused RB, assuming an EVM of 256QAM. It is assumed that a 100MHz carrier is available, and the x axis depicts the number of MHz allocated to the transmitting UE, whilst the y axis indicates the power in the first unallocated RB. For small allocations, the EVM based part of the general IBE dominates, whereas for more than around 20MHz allocation, the IBE general limit dominates. If more than 30MHz is allocated, the per IBE ratio is less stringent for the first RB than the ACLR for the adjacent channel.


[image: ]
Figure 1: IBE limit for the first unallocated RB (assuming EVM of 256QAM) 

The limit per RB for the EVM limit decreases for RBs further from the allocation. Figure 2 depicts the average limit per unused RB on the y axis, instead of the limit in the first RB (figure 1). It can be seen that for small allocations, the limit becomes stringent.


[image: ]
Figure 2: Average IBE limit per RB

For small allocations, if the UE output power is scaled down then a third, power based component of the general IBE becomes dominant which limits the amount of suppression needed. If the UE transmits with a few RB at full power then significant suppression of IBE is needed.
[bookmark: _Toc127552382]IBE becomes relatively stringent if the UE is allocated a low number of RB with full power. FFS whether this is a relevant scenario.
Co-existence studies are ongoing to establish the needed ACLR for an ATG UE. Initial indications are that the ACLR could be relaxed compared to a TN UE, since an ATG is far from the BS of other networks, and also the victim BSs do not point their antennas towards the ATG UE. For IBE, the interference is towards the BS serving the ATG. In this case, the BS will be pointing its antenna towards the ATG UE and the ATG UE towards the BS. Less relaxation of IBE may be expected compared to ACLR.
The needed IBE limits could be determined by simulation. If the victim BS is an AAS BS, then it may not be pointing its RX beam towards the ATG UE for unused RBs and so there may be scope for some level of relaxation.
[bookmark: _Toc127552383]Unlike ACLR, IBE probably cannot be relaxed as much compared to a TN UE. Some relaxation may be possible due to the BS beamforming pointing RX beams in different directions for different UEs.
Alternatively, it could be discussed whether an ATG network would really be operated by allocating a small number of RBs to the UE. If this is unlikely, then the IBE requirements could be developed excluding allocating small numbers of RB at full power.
Apart from the scenario of a low number of RBs at low power, the IBE requirements do not imply any greater linearity than is needed to achieve 256QAM. So, if the ATG UE is expected to support 256QAM then meeting the IBE requirements as specified for terrestrial UEs should not be an issue. If instead the ATG UE only supports 64QAM then the IBE requirement may be several dB more stringent.
[bookmark: _Toc127552384]The limiting factor for TX linearity may be the EVM, not the IBE.

[bookmark: _Toc127552395]RAN4 to discuss further whether it is useful to do simulations to determine maximum acceptable IBE. 
[bookmark: _Toc127552385]If it could be assumed that low RB allocations are not relevant and/or that EVM will anyhow be the determining factor for receiver linearity, and hence the TN limits could still be applied then simulations as discussed in proposal 10 would not be needed.

Time alignment error
The time alignment error is only specified in the terrestrial UE specification for UEs supporting UL MIMO. The ATG UE may not support UL MIMO. However, at least in the case of 4GHz it is likely to have a beamforming array. Time alignment between the transmitters is then essential to ensure a coherent transmission for the beam shape.
In the BS specification, instead of timing alignment, beam shape is regulated by the EIRP accuracy requirement. It is assumed that transmitters within “TAE groups” are time aligned. A TAE group is a group of transmitters that creates a coherent beam.
Further discussion is needed for the ATG UE whether to set a requirement related to beamforming quality and if so, whether a time alignment requirement would be needed as part of that or not.
[bookmark: _Toc127552396]RAN4 to discuss whether beamforming quality should be captured in the specifications and if so whether timing alignment is relevant, or the beam quality could be captured using EIRP (similar to the BS spec).

Occupied bandwidth
During RAN4#105, it was agreed to re-use occupied bandwidth requirements from 38.101-1.

Out of band emission
It is likely that the out of band emissions requirements specified for UE in 38.101-1 can be used. This conclusion may be double checked after the co-existence study as it is likely that in general requirements within the 3GPP band do not need to be as strict as for a TN UE.
[bookmark: _Toc127552397]When the ACLR limit has been set, double check that the out of band emissions limits are consistent with the ACLR.

Spurious emission
It was agreed to use the spurious emissions requirements in 38.101-1. However, it may be important to bear in mind that the ATG UE may be in proximity to other radio systems on the aircraft and that additional spurious emissions requirements may eventually need to be met by the UE to protect other systems on the aircraft.

TX intermodulation
It could be discussed whether the TX intermodulation requirement is really necessary for an ATG UE, as there may not be another source of strong interference in the band.
There may be sources of interference from other radio transmitters around the aircraft, but this will depend on the avionics specifics and is not possible to specify in RAN4.
[bookmark: _Toc127552398]RAN4 should discuss whether TX IM is really needed from a cellular radio operation perspective.
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	Further analysis is needed on the power control accuracy requirement. Provisionally the requirements could be the same as for a TN UE.
Observation 2	IBE becomes relatively stringent if the UE is allocated a low number of RB with full power. FFS whether this is a relevant scenario.
Observation 3	Unlike ACLR, IBE probably cannot be relaxed as much compared to a TN UE. Some relaxation may be possible due to the BS beamforming pointing RX beams in different directions for different UEs.
Observation 4	The limiting factor for TX linearity may be the EVM, not the IBE.
Observation 5	If it could be assumed that low RB allocations are not relevant and/or that EVM will anyhow be the determining factor for receiver linearity, and hence the TN limits could still be applied then simulations as discussed in proposal 10 would not be needed.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The output power range is 23dBm – [Maximum output power used in co-existence simulations]
Proposal 2	To deal with different NS values in different regions, the UE could signal a different MOP when it enters a network with a different NS instead of using A-MPR.
Proposal 3	In case A-MPR would be used, RAN4 needs to check whether the current A-MPR are suitable for avionics UEs at higher TX power.
Proposal 4	Specify the MOP to be at maximum modulation order instead of defining MPR.
Proposal 5	Define UE minimum output power to be no less than -20dBm summed over all connectors.
Proposal 6	OFF power is -20dBm (or the UE minimum power) summed over all connectors.
Proposal 7	TDD transient time is the same as in the TN specifications
Proposal 8	Frequency error requirement is 0.1ppm.
Proposal 9	EVM requirements can be the same as TN UE.
Proposal 10	RAN4 to discuss further whether it is useful to do simulations to determine maximum acceptable IBE.
Proposal 11	RAN4 to discuss whether beamforming quality should be captured in the specifications and if so whether timing alignment is relevant, or the beam quality could be captured using EIRP (similar to the BS spec).
Proposal 12	When the ACLR limit has been set, double check that the out of band emissions limits are consistent with the ACLR.
Proposal 13	RAN4 should discuss whether TX IM is really needed from a cellular radio operation perspective.
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