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1 Introduction
In RAN4#80 the WF [1] was approved which captured the following observations on EVM
· EVM for beams steered towards specific users has been discussed during the current and previous meetings and it was agreed that for these beams, EVM should be defined in the centre of the main lobe. The need or lack thereof of an EVM requirement for beams covering a cell was not discussed.
· For user specific beams
· EVM defined in the centre of the main lobe
· EVM met with a beam steered anywhere within the EIRP accuracy directions set
· EVM tested with the same beam directions as EIRP accuracy
· EVM requirement, if any, for non user specific beams TBC
This contributions further discusses the requirements for non-user specific beams.
2 Discussion

For the purposes of the EVM requirements there are 3 types of AAS implementation to consider:
1. Fully passive beam forming

This will have a flat EVM profile over the beam pattern as all beam forming is done in antenna (as in non-AAS), hence the EVM can be measured at any direction as all directions are the same. In such a case using the centre of the main beams seems sensible.

2. Digital beam forming with user specific steering

The AAS is capable of pointing the beam at each user and hence only the centre of the main beam is important.
3. Digital beam forming for a coverage range of angles – but not user specific beams.

a. For cell signalling (or cell beams)

b. For per user signalling if user specific beam steering is not implemented.

For implementations 1 and 2 it is agreed that a EVM requirement in the centre of the main beam is acceptable. Implementation 3 is still TBC.

Analysis done in [3] compares EVM for various different requirement types and AAS architectures including:

· 8%  TRP type requirement, i.e. total wanted signal to co-channel noise is 8% (equivalent to conducted requirement) 

· 8% EIRP type requirement, i.e. wanted signal to co-channel noise is 8% in centre of main beam

· Co-channel noise examined correlated and non-correlated cases

· System with user beam steering and no user beam steering cases

The analysis is based on the co-channel SNR from the adjacent networks and the EVM contribution, the throughput is calculated based on the tables in [2].

For the TBC case 3 above the important comparison which needs to be further studied is the difference between an EIRP requirement (in centre of main beam) and  TRP type requirement. 

For user beams this gave the following:
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Figure 1. Throughput CDF for 8% correlated and 8% uncorrelated in beam centre EVM
In this case the EIRP requirement can be seen to have degraded the performance, the average throughput is 9.8% lower than the baseline.

2.1 Cell signaling

Whatever the AAS capability for user beam forming, the cell beams will be broadcast over the whole cell so cannot benefit from the user level beam steering. It is important therefore that even for a system which has user beam steering the control channel performance is not degraded.

For control signaling the analysis done in [3] is not so relevant as control channels have fixed coding rates, the SNR to throughput calculations therefore are not so useful as a metric.
Control signaling which is transmitted to the whole cell is important and as such is transmitted with only QPSK modulation (and also at higher power – not considered here). QPSK modulation has a lower data rate but also operates with a lower SNR.
From [2] the following can be seen.
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Figure 2: Figure A.4 (36.842)  Throughput of a set of Coding and Modulation Combinations, AWGN channels assumed
The PDCCH channel is coded with 1/3 code and QPSK modulation, MCS-4 in Figure 2 is hence representative of the demodulation performance for these channels (QPSK, R=1/3) and is capable of demodulation when the SNR is >-1dB. 
By examining the statistics of the SNR at each UE and looking at the % of UE’s which have an SNR worse than -1dB we can compare the relative performance for the cell level PDCCH signal with respect to the different EVM requirements and AAS architectures.
Once again the most important comparison is of the 8% EVM requirement when it has been implemented either as an EIRP requirement (assuming non-correlated transceiver units) and as a TRP requirement (reference condition from the conducted requirement).

[image: image3.emf]-20 -15 -10 -5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF curve for SNR (3 sectors)

SNR (dB)

probability (%)

 

 

8%(TRP)correlated

8%(EIRP) uncorrelated


Figure 3. SNR CDF for 8% correlated (TRP) and 8% uncorrelated EIRP in beam centre EVM
Clearly the difference between the 2 types of EVM specification is much less as the SNR is lower, this makes sense as generally the low SNR exists at the cell edges and at the cell edges:
· The co-channel interference from adjacent cells will dominate .
·  The main beam points at the cell edge so the EVM is as per specification.
Taking the -1dB as a reference point, the TRP requirement has 22% of UE’s with an SNR lower than this and the EIRP (in centre of main beam) has 24% of UE’s with a lower SNR.

Hence for cell level control signals (e.g. PDCCH) the performance difference is worst case only 2%. Hence it is probably not necessary to specify a separate cell level EVM requirement.

3 Summary
This contribution has investigated the effect of having a EVM requirement in the centre of the main lobe when considering non-user specific beams or beams with cell level signals on them.
Cell level signals are used with low order modulation which requires a much lower SNR than the high throughput user data channels. Hence it is only necessary to examine the difference between the 2 methods of requirement setting at a single low SNR value for these cell level signals.

It is found on initial simulations that the different is approximately 2% hence it does not seem necessary to introduce a separate cell level EVM requirement as the existing requirement based on user level beams is sufficient to protect the performance of the cell level signals.
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