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1 Introduction
In RAN4#80 a way forward on NR BS RF parameters [1] was approved in which the following agreement on EVM was captured:
· EVM is specified in centre of main beam
This agreement is based on beam forming being used to steer the centre of the main beam towards a particular UE in the cell, the consequence being that the only EVM value of importance is the value at the centre of the main beam.

For the requirement to be complete however it is important to ensure that the beam can be steered to any UE in the cell and that the EVM is acceptable at all defined steering angles.
This paper uses the spatial declarations identified in the AAS work as a starting point to define a suitable set of spatial declarations for the EVM requirement.

It is worth noting that similar work is being carried out in the AAS full OTA work; if possible it would make sense to find a similar solution.
In addition unlike AAS for LTE NR has no base line for an absolute value of EVM, this issue is also discussed and a method to find a reasonable EVM value if explored.

2 Discussion

2.1 AAS (REL13) spatial declarations
In release 13 there are 2 types of spatial declarations;

· EIRP for downlink

· EIS for uplink

Details can be found in [2] however a brief summary is given below:

2.1.1 AAS EIRP requirement

For the EIRP requirement an EIRP accuracy directions set is declared, some examples of which are given below:
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Figure 1. Example AAS BS REL13 – EIRP accuracy directions set

The directions set covers a region or distinct set of directions over which the beam may be steered, different directions sets may be declared for different beams. The requirement is based on beam EIRP accuracy within the directions set.

Note the sets above represent the steering range the centre of the beam can be steered, this is not necessarily the same as the cell coverage area which is very likely to be larger by the at least half the 3dB beamwidth.

2.1.2 AAS EIS requirement

For the UL the spatial declarations are different in that a sensitivity Range of Angle of Arrivals is declared 

Note. The actual declarations are slightly more complex as the ability to move or redirect the RoAoA by non-real time means is allowed for – but for the purposes of this description it is enough to consider the sensitivity RoAoA.
The sensitivity RoAoA is declared along with a minimum EIS value which can be achieved in that range of angles. 5 points at the reference point and at the extremes of the RoAoA are declared for conformance testing purposes
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Figure 2. Example of a Receiver RoAoA from [2]
2.1.3 Suitability of existing spatial declarations
Whilst the 2 declarations look similar there are some key differences;
· The EIRP declaration is for the beam centre only, it does not represent the cell coverage but only the direction in which beams can be pointed.

· For example if the system has a passive antenna similar to an existing 3 sector BS antenna it would have single point EIRP accuracy declarations set at (0,0). However its cell coverage would be expected to be at least the main beam 3dB points or the main beam beamwidth  e.g. 60° in azimuth and 10° in elevation.
· The Receiver RoAoA is a better representation of the likely cell coverage area as it does not refer to any beams but just a range of angles of arrival over which a certain performance can be expected.

The existing REL13 AAS declarations therefore are not suitable as they are to identify a downlink cell coverage area. 

The EIRP declaration set is accompanied by beamwidth declarations which when combined could perhaps be used as cell coverage area definition. 
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Figure 3. Example actual cell coverage area

Having to calculate the cell coverage area with the existing declared information is not ideal, also it is likely that the beam width is not consistent around the steering range, and also the 3dB beamwidth may not be the correct criteria for defining the cell coverage directions.
The receiver RoAoA definition is perhaps a better way to define a coverage area as it does not require any beam definitions the system just has to provide the promised performance in the promised direction. However generally it is attempted to keep the receiver functionality and the transmitter functionality separate (the coverage areas for UL and DL may be different for example) so reusing the receiver declarations as they are is also not a suitable solution.

2.1.4 EVM directions set / cell coverage area for NR
In making the assumption that the EVM value is specified in the centre of the main beam the assumption is made that the BS is capable of pointing the main beam at the UE. The mechanism of how this achieved may be implementation dependent and does not need to be part of the requirement.
The location of any specific UE is also implementation specific and will depend on the intended coverage of the BS (only, 3 sector, 6 sector etc). Hence a fixed direction set for the performance is not possible.

A reasonable solution would be to declare a coverage area similar to the UL RoAoA which defines the directions which the BS is defined to provide coverage. The NR BS is then required to meet the EVM requirement at any specific direction (i.e. when the beam is pointed in that direction) within that range.

It is also likely there may be other requirements which may exist in such a range and hence rather than it being named an EVM directions set (which is the most obvious choice for this paper) a more general term may be more suitable. For example Downlink cell coverage directions set. The EIRP accuracy directions set could be merged with this in some way to avoid to many sets of spatial declarations.
As with AAS BS a NR BS could have multiple directions sets declared depending on the use case.

It is likely that a similar approach to conformance direction could be adopted i.e.

· Take a reference and 4 extreme directions for each direction set.

· Check conformance on only the widest and narrowest declared directions set.

In AAS direction requirements are tested by defining a fixed direction in space and setting the BS to steer its beam in that direction. For NR where TDD is used and the beam steerig is done based on channel reciprocity it is possible the beam steering algorithms could be tested at the same time (i.e. the BS find the UE and steering it beam fro eth EVM test without being told what direction it is in for the test)

2.1.5 Systems with no or limited user beam steering functionality

In AAS there are architectures and use cases where UE specific beam forming may not be used, in these cases the coverage directions set is not serviced with UE specific beams and communication between BS and UE will be in parts of the beams which are not the centre.

Using a declared cell coverage direction set this is not important as long as the EVM requirement can be achieved in the declared direction then it is not important if the beam is steered exactly in that direction or not. 

However it must be considered that as EVM is a ratio if the beam cannot be steered and nulls exist inside the directions set then it may be impossible to meet EVM targets in all directions as the wanted signal is so small (assuming non-coherent EVM contributors). In reality communication does not occur in such nulls as there is no wanted signal however if such an implementation is considered valid for an NR BS then it should not be excluded by an over strict core requirement. In such cases an integrated ratio over the coverage area or a requirement which only exists when wanted power is over a certain level should be discussed.
It is assumed that NR will have to implement UE specific beam steering hence there is no need to further investigate this issue for NR.
2.2 EVM requirement

In the AAS OTA work the target for the EVM is to offer a requirement which provides the same level of minimum performance as the existing conducted AAS specification.

This simplifies matters somewhat in that:

· UE’s are LTE UE’s with omni-directional antenna with 0dBi (as in previous work)

· SNR vs. throughput assumptions are known

· A base line performance (i.e. non-AAS) exists to which OTA proposals can be compared.

Various comparisons of different type of EVM requirement vs. the baseline can be seen in [3].

NR differs from this in a number of aspects:
· There is no baseline for throughput to compare against.

· Beam forming in the UE is new and clearly has the potential to reduce co-channel interference at the UE.

· All BS in the network are Beam forming

EVM only affects the system throughput when co-channel interference from other BS in the network is low. Using the throughput model from [4] below:
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Figure 4
Throughput vs. SNR for Baseline E-UTRA Coexistence Studies

It can be seen that if SNR is better than 22dB then no improvement in throughput occurs.

The LTE EVM requirement of 8.5% equates to an SNR of approx 21.4dB. So in a low SNR channel improving EVM makes not significant effect on throughput.

The difference between 8.5% EVM and 1% EVM (for example) is therefore not great. Clearly if higher order modulation modes are used then higher SNR and lower EVM will be required but the argument will be similar but at different levels.
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Figure 5
- Total SINR with different EVM contribution
It can be seen that only for  a few scenarios where the network co-channel interference is better than ~15dB can any difference between 8% and 1% EVM can be seen. Simulations in [3] found there was an overall 7% throughput degradation when comparing an EVM of 0% and 8.5%, this work was not intended to set requirements on absolute levels (as they are known for AAS) but offers useful insight into the relative effect of EVm on network throughput.
The differences between NR and LTE AAS could cause the following changes in the result.
· The throughput vs. SNIR for NR is not known, it can be seen from Figure 4, that it is possible to get closer to the Shannon limit. The closer to this line the more gain there will be in terms of throughput by lowering EVM – particularly for cases with high SINR.

· It is not clear if the non EVM contribution to the SINR will be higher or lower:

· The beam forming at all the BS DL and also the UE UL will reduce co-channel interference at each victim UE.

· The higher path loss will result in SINR being limited in more cases by the noise floor of the system.

· If the non-EVM contribution is lower than a greater number of UE’s will have a good SNR and it is possible network throughput could be improved by lowering EVM.
· If the non-EVM contribution is higher (due to noise floor) then there is no advantage in lowering EVM requirements and the possibility exists that a higher EVM would make no difference to network throughput.

It can be seen that there are a number of unknowns which can only be answered when some reasonable scenarios for system simulations are derived and the effect of EVM on realistic NR scenarios can be investigated.

As there is no baseline for EVM for NR as there is for AAS then it would seem reasonable to set the EVM criteria on an acceptable degradation over 0% EVM. 

For example if the results in [3] were correct a 7% degradation in throughput would be used as a criteria for setting EVM.

Note this is not being proposed at this stage but being used as an example. 
It is also important to consider a reasonable implementation cost for the NR BS hardware. EVM is dependent on a number of things which may be different for NR (particularly at high frequencies) including

· PAR reduction

· Linearization

· LO phase noise

· Converter dynamic range

· In band frequency response (may be more important if 1GHz channel are considered)

· Etc..

These should all be considered and a reasonable implementation cost for EVM should be considered. 
3 Summary
2 issues have been discussed in this paper:

Firstly

It has been agreed that EVM is specified in the centre of the main beam. The basis of this agreement being that the main beam is steered and pointed at the UE which is being communicated with (user specific beam forming).
It is therefore reasonable to ensure the requirement for EVM covers not just a EVM requirement but a spatial range over which it applies.

It has been suggested that the spatial range is declared in a similar way to the directions sets in the existing AAS BS OTA requirements. E.g.
downlink cell coverage directions set consists of the range of direction over which the DL is intended to operate.

The issue of if the NR BS cannot steer beams to individual UE’s has also been highlighted, these architectures may require different consideration, but as it is not know if they are realist implementations at this time no further analysis has been done.
Secondly

The methodology in identifying the correct absolute value of EVM to use for NR has also been discussed. The effect of EVM on network throughput for AAS has been discussed the differences in NR have been highlighted. As there is no base line to compare against with NR in order to identify the effect of these NR specific issues (UE beam forming, high PL, new modulation, etc..) it has been suggested that a degradation over 0% EVM is used to identify the effect of EVM on the network.

 The criteria for allowable degradation however should not be decided until it is better understood what the cost of providing different levels of EVM in the BS is. 
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