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1 Introduction
This contribution discusses the definition of E-UTRA EVM for the UE.

The in-band un-wanted emissions have been discussed in several documents [1-6]. The mechanisms for emissions, like image, LO-leakage and “wide band” noise have been identified and it is proposed in [3] that per resource unit ISSL requirement should be set to guarantee that the UE does not cause excess interference to non-allocated resource blocks. It is further proposed that only one common worst-case requirement is used for all resource units.

2 Analysis

2.1 Per resource unit ISSL
Imagine a 5MHz LTE cell with two users, first one with 12 and the other one with 13 allocated  resource units and both of them operating with MCS that requires 12dB C/I. Both users have EVM of 18dB for allocated resource units and flat per resource unit ISSL of 25dB.

Now imagine that the users are received by the NodeB assuming perfect power control and C/I target of 12dB. In order to meet the C/I target the BS noise floor must be set to a level of about -13dB as 10*log10( 10-13/10 + 10-18/10) = 11.8dB ( -12dB. As ISSL on non-allocated resource units is 12dB below NodeB noise floor the desensitization of the other user caused by in band leakage is 10*log10( 10-13/10 + 10-18/10 + 10-25/10) – 11.8 ( -11.6dB – 11.8dB ( 0.2dB. See figures 1 and 2.
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Figure 1. UE un-wanted in-band emissions, 5MHz with 2 users, user 1 and user 2
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Figure 2. UE un-wanted in-band emissions, 5MHz with 2 users
Continue imagining that instead of two users there are 25 users, each one of them allocated one resource unit and all users are received by the NodeB with 12dB C/I target. Assume that for all users the NodeB noise floor is set to -13dB the same way as in 2 users case to get ~12dB C/I. The emissions on non-allocated resource units of each user are 12dB below NodeB floor at -25dB, but as there are 24 interfering users the desensitization becomes 10*log10( 10-13/10 + 10-18/10 + 24*10-25/10) – 11.8dB ( -8.5dB – 11.8dB ( 3.3dB. This means that instead of 11.8dB all users get 8.5dB C/I that will results in substantial loss in throughput. See figure 3.
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Figure 3. UE un-wanted in-band emissions at NodeB receiver, 5MHz with 25 users
Repeating the same exercise for 20MHz LTE and 100 users results in 7.6dB desensitization and 4.2dB C/I for each user.
In order to maintain the desensitization caused by the UE emissions to non-allocated resource units on acceptable level also for widest band width options a worst case per resource unit ISSL of 45 to 50dB should be set. This on the other hand is far too stringent requirement for narrower band width options and for cases where number of simultaneous UL users is lower.
The above examples demonstrate that in order to avoid extremely stringent requirements for UE that would guarantee good system performance in all cases the per resource ISSL requirement should be set separately for each operation band width, number or allocated resource blocks and used modulation, which may not that feasible due to larger number of variables and their combinations.

2.2 Multi user EVM concept
The example above also reveals another viewpoint on how the UE UL modulation quality criteria could be set. Instead of looking the things from UE transmitter point of view the problem can also be approached from the perspective of NodeB receiver.
In the above examples, a great number of mobiles arrive at the base station antenna at essentially equal strength, and filling the whole system band. This will lead to approximately a uniform distribution of the distortion energy over the system frequency band. This situation is comparable to WCDMA and therefore same kind of EVM definition, that covers full band, instead of allocated resource units only, can be used. In practice the mobiles do not arrive at the base station at the same strength, due to different data rates and power control errors, but the same situation exists in WCDMA.

The good thing in this heuristic derivation is that there is no need to make assumptions on the frequency spectrum of the distortion energy. The frequency dependencies will average out when a great number of mobiles is received. The spectral averaging theory does not apply to the DC carrier and therefore there is probably a need for an extra requirement for LO carrier leakage, in addition to EVM.
Multi user EVM definition:

EVM includes all unwanted signal components emitted by the mobile in the whole system band. The EVM of a mobile is obtained via the deviation between reference and measured signal at the EVM measurement point, summed over all available virtual sub carriers in the system band.
As there are similarities with the WCDMA also the WCDMA EVM requirements, 17.5% (-15dB) EVM for QPSK and 12.5% (-18dB) for 16-QAM should be in the right ball park. Ideally the EVM requirement should scale with the SNR requirement of the used MCS so that at the NodeB antenna each UE will cause approximately the same amount of noise to non-allocated resource units.
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Figure 4. EVM definition
Figures above try to explain the definition in more detail.

· For full band transmission the new definition does not differ from WCDMA or from EVM definition for allocated resource units as the reference signal occupies whole spectrum.
1.) Allocated resource units:

SREF = SREF,ALLOC
S = SREF,ALLOC + NALLOC
EALLOC = S – SREF = SREF,ALLOC + NALLOC – SREF,ALLOC = NALLOC

2.) EVM

E / SREF = EALLOC / SREF,ALLOC
· For sub-band transmission the reference signal for non-allocated resource units is zero and therefore all the energy found there is noise. The sub-band case can also be understood as  two independent measurements that are combined to get one EVM figure.
1.) Non-allocated resource units:
SREF,NON-ALLOC = 0
S = NNON ALLOC
ENON-ALLOC = S – SREF = NNON-ALLOC – 0 = NNON-ALLOC

2.) Allocated resource units:

SREF,ALLOC = SREF,ALLOC
S = SREF.ALLOC + NALLOC
EALLOC = S – SREF = SREF,ALLOC + NALLOC – SREF,ALLOC = NALLOC

3.) EVM – Combined for allocated and non-allocated resource units
E / SREF = (ENON-ALLOC + EALLOC) / (SREF,NON-ALLOC + SREF,ALLOC)
    = (ENON-ALLOC + EALLOC) / (0 + SREF,ALLOC)
    = (ENON-ALLOC + EALLOC) / (SREF,ALLOC)
The EVM measurement can be done either in the frequency domain after the equalization, point 1 in figure below, or in the time domain after DFT de-spreading, point 2. in figure below. As only allocated resource units are used in DFT de-spreading this step needs to be repeated for non-allocated resource units to get the equivalent error in time domain if measurement point 2. is chosen.
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Figure 5. Possible EVM measurement points 1 and 2
A challenge for error measurement of non-allocated part of spectrum is that channel estimate for sub-band transmission does not cover the non-allocated part of the spectrum. On the other hand it is important that in error measurement same gain is used for allocated and non-allocated parts as error powers are added together before comparing the sum power to the power of reference signal. One way for doing this is to weight the sub-carriers in non-allocated resource units with mean gain of channel estimate H that is derived for allocated part of the spectrum.
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(2)
where Y[k,m] is the received signal at the m-th data sub-carrier location in the k-th data (long) block and H[k,m] is the corresponding channel estimate. The received and equalized signal R[k,m] is the input to the sub-carrier de-mapper that reconstructs the transmitted RBs.
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Figure 6. Error power measurement for non-allocated part of spectrum
In example below a spectrum and EVM measurement for 5MHz LTE UE with resource units 13 to 25 allocated is shown. The analog impairments (quantization noise, image, LO-leakage, IMD3) in the transmit chain set the per resource unit ISSL to approximately 25dB.
Spectrum is shown on the left hand side figure. The right hand side shows the per resource unit EVM measurement results for both allocated and non-allocated parts of the spectrum. The dashed lines show PER RESOURCE UNIT results and solid lines show INTEGRATED results. The power of the signal is scaled in a way that the total power equals 1 (=0dB) as can be seen from the right most point of blue solid line. The right most point of solid red curve shows the integrated error power. In this example the UE EVM for allocated part of the spectrum alone was -22.3dB but when noise from non-allocated part is included the EVM becomes -20.1dB that is about 2dB worse.
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Figure 7. EVM example, 5MHz resource units 13 to 25 allocated.
The EVM for 5MHz full band transmission and only 2 resource unit transmission are shown in figures 8 and 9.
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Figure 8. 5MHz, resource units 1 to 25 allocated
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Figure 9. 5MHz, resource units 24 and 25 allocated
The EVM for 20MHz full band transmission and only 2 resource unit transmission are shown in figures 10 and 11.
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Figure 10. 20MHz, resource units 1 to 100 allocated
[image: image18.png]Mag (dBm)

SPECTRUM EMISSION MASK, 30kHz REW.

— FULL band
—— 1RB (125Cs)
—— MASK- for information only

LTE abter




 [image: image19.png]21104148 = B.8064%

EVM USED RBs = -24.43114B = B.0041%

Pawer of each RE

— Integrated power

Error of each RE
Integrated error





Figure 11. 20MHz, resource units 99 and 100 allocated
2.3 Pros and cons of multi user EVM concept
PROS
· Single requirement that scales with the operation band width and number of allocated resource units 

· The larger the non-allocated part of the spectrum the lower per resource unit error contribution is needed and vice versa
· Gives UE vendors a possibility to make trade-offs between the contribution of different impairments, which may improve the battery life time or simplify the transmitter implementation
CONS
· Gives UE vendors a possibility to make trade-offs between the contribution of different impairments
· In THEORY it is possible to make implementations where all the errors are projected to non-allocated part of the spectrum resulting in extremely good performance for own link but excess interference to other users, but in practice this would be very difficult as unwanted emissions are mainly caused by analog imperfections.

3 Conclusions
As per resource unit ISSL requirement depends on the operation bandwidth, number of allocated resource units and modulation a worst case approach is likely to result in far too stringent UE requirements this contribution tries to provides different approach for definition of UE UL signal quality requirements.
The approach could be called as “Multi-user EVM model” and is as follows:

EVM includes all unwanted signal components emitted by the mobile in the whole system band. The EVM of a mobile is obtained via the deviation between reference and measured signal at the EVM measurement point, summed over all available virtual sub carriers in the system band.
Additionally there is probably a need for an extra requirement for LO carrier leakage, in addition to EVM requirement.
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