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1. Introduction
In the RAN4 meeting in Dresden the issue of LP-ABS (lower power almost blank subframe) was discussed [1] and a way forward was agreed [2].
In this contribution we continue the discussions and highlight some of the aspects of how the signal quality is affected by introduction of LP-ABS.
2. Background on signal quality and EVM

EVM is a measure of how close the signal transmitted is to the ideal constellation point. The actual method for measuring EVM is quite involved, see annex E in TS 36.104 [3], however a simple approximation is to assume that the error resembles white noise. In this case EVM can be converted to SNR using the following formula:
SNR = 10 * log10 ( 1 / EVM^2 )

For example for 10% EVM we get SNR = 10 * log10( 1/ (0.1^2) ) = 20 dB.

The current quality requirements are 8% EVM for 64QAM, 12.5% for 16QAM and 17.5% for QPSK. These values have been obtained by simulations to ensure that the system performance is not degraded overly much.
2.1 Cause of signal degradation

There are many causes of EVM. Examples include thermal noise in the various parts of the transmitter chain as well as uncompensated phase and amplitude shifts. 
Another contributor to EVM is clipping noise. The LTE signal is OFDM based which means that the signal is flat in the frequency domain (inside the channel bandwidth). In the time domain this translates into a signal with high peak to average ratio. In order to make the PA implementation efficient the peak to average ratio of the signal is reduced by clipping the high peaks. Doing this will move the transmitted signal points slightly, which can be viewed as an additional noise source.
In practical implementations the clipping noise is one of the major contributors to EVM when the PA is operating at the maximum output power. 
2.2 Boosting/deboosting the signals

During the work for Rel-8 one of the reasons for making it possible to boost/reduce the power for individual resource elements (RE) was that the need to even out the performance for the individual channels, e.g. the PHICH and PDCCH channels should fail at the same SNR and it was difficult to develop coding and modulation schemes that have exactly the same SNR failure point. In addition different networks may operate at different error rates for the channels and boosting/deboosting facilitates this.
Another reason for allowing slightly different powers per resource element was to allow for a reference symbol to be sent on one antenna port while the other ports do not transmit any signal at all. This is done to simplify channel estimation. To maintain the same energy for the resource elements it is necessary to boost the signal for one RE by 3 dB if there are two ports, 6 dB for 4 ports etc.
2.3 Current EVM requirements

In the current LTE specifications there are a few tests to ensure that the signal quality is maintained even if some symbols are boosted or de-boosted. In order to test the worst case the PA is operated at maximum output power. To maintain the maximum output power of the PA when some RE are deboosted it is necessary to boost other RE. One should also note that this applies per OFDM symbol, it is not possible to increase the power in one OFDM symbol by borrowing power from another OFDM symbol.

The required minimum requirement for boosting and deboosting is specified like this [3]:

Table 6.3.1.1-1 E-UTRA BS RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


3. Discussion

For the almost blank subframes the difference compared to the test case already in the specification (RE power control dynamic range) is that in the current testcase the level of some RB are reduced while other RE are increase to maintain the same output power. For LP-ABS some RE are also reduced in power, but other RE are not increased. This means that the total output power is reduced.

If we look at the case of reducing the output power of a single RB we can estimate the impact on EVM. For an EVM of 8% the calculated SNR is around 21.9 dB. If the power of the RB is reduced by 9 dB the total output power of the BS will not change significantly. If we assume a 10 MHz channel with 50 RB deboosting one RB with 9 dB only changes the output power by 0.07 dB. Since the output power does not change a lot the clipping noise will remain at approximately the same level and thus the effective SNR is reduced by 9 dB to 12.9 dB. This corresponds to roughly 22% EVM. Even if we assume that the BS is better than spec and the average EVM is 6% (the assumed typical BS performance for UE demodulation requirements) the deboosting of a single RB results in an EVM increase to 17%.
For the case when more RB are reduced in power the situation improves. For example if half of the RB are reduced by 9 dB the total output power is reduced by 2.5 dB. This will result in less clipping and consequently less clipping noise. The EVM will not degrader as much as in the previous example, but it is difficult to determine to exactly which level.

4. Options for requirements

In the current set of requirements the EVM requirement for 64 QAM is 8% while the dynamic range requirement is +-0 dB. This is the main requirement that sets the maximum noise level in the transmitter. Given this noise level it is clear that it is not possible to reduce the power of a single RB while still maintaining a sufficient quality for 64QAM, at least not without impacting the design on the BS. If one looks at the requirements for QPSK and 16QAM it can be seen that the requirements are set so that they correspond to roughly the same noise level as for the 64QAM requirement.
However if the total output power of the BS is reduced the quality of the signals will be improved due to less clipping and consequently less clipping noise. 

If there should be a requirement it should capture that the quality of the signals improve at a reduced output power from the BS. This can be done by reducing the output power of a number of RB and measuring the quality of these RB or the quality of the entire signal can be measured at a lower than maximum output power. Depending on the route chosen the actual definition of EVM may need to be updated as well.
5. Summary

In this paper we have discussed the background for the current dynamic range requirements in the specifications and also discussed how the quality of the signal is measured.
We have also seen that it is not feasible to reduce the power of a single RB while maintaining sufficient quality, but there may be a possibility to maintain sufficient quality (EVM) if sufficiently many RBs are reduced in power.
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