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1 Introduction

According to feedback received from RAN4 on higher order modulation evaluation [1], it is observed that:

· For Tx EVM,

· Transmitter EVM for 256QAM can be modelled as an AWGN component. 

· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.

· For Rx EVM,

· Applicable Rx impairments can be modelled by an equivalent AWGN component at the receiver.

· UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. But RAN4 has not yet evaluated guaranteed minimum performance of Rx EVM. 
This contribution provides further evaluations on small cell coverage and system performance considering the impact of power back-off.
2 Discussion on Tx EVM

In BS implementation, EVM is mainly caused by three contributing factors: phase noise in local oscillator (LO), clipping noise caused by CFR (Crest factor reduction) algorithm, and PA non-linearity. If the EVM contribution due to each factor can be obtained, the total EVM of the BS transmitter can be obtained assuming the noise introduced by each factor is uncorrelated. In [2], we investigate the impact of each factor on EVM and the corresponding methods to achieve lower EVM:

· Phase noise in local oscillator:  Phase noise comes from the imperfection of analog components like frequency synthesizer and VCO (voltage-controlled oscillator) in the PLL (phase-locked loop). To achieve better EVM, better components and better design of PLL can be adopted..

· Clipping noise by CFR algorithm: CFR module is always used in base station as an efficient way to reduce the signal PAPR. With relaxed clipping threshold, the Tx EVM would be lowered at the risk of increasing PAPR. Thus clipping threshold selection and the CFR algorithm design should consider the balance between a low EVM and acceptable PAPR.  In addition, EVM can be removed at the expense of power efficiency, e.g, using a larger PA with power back-off to keep the nominal Tx power.
· PA non-linearity: for low power nodes, power back-off will play an important role in EVM performance. Some back-off from the maximum power will result in much better EVM.
Therefore, there are three main methods to achieve low EVM:

· Method1- Keep the current PA and power back-off from the nominal transmission power;
· Method2- Using a larger PA while keeping the nominal Tx power;
· Method 3- eNB implementation, e.g, better components, better design of PLL and CFR algorithm
One particular note is that EVM performance for a BS is a combined result from each contributing part discussed above, thus the methods to improve the EVM performance is also a combination of trade-off among performance, cost and power consumption.
Method 2 and 3 are less likely to have RAN1 impact. Method 1 may have impact on the small cell coverage and system performance when the nominal transmission power is reduced, thus it is evaluated in the following sections.
3 Evaluation methodology and assumptions
Figure 1 shows typical EVM performances for a commercial Micro BS with rated total output power of 37dBm per antenna connector [2]. It can be seen that with a few dB (i.e. about 1~2dB) power back-off, the achieved EVM is in the range of 2~3%. Similar trend is expected for small cells with lower transmit power. In [3], it is observed that power back-off is increased about 1 dB for 20dBm, 24dBm, 30dBm BS. So we suggest that typically 1 or 2 dB power back-off could be used for small cells with transmit power 20dBm, 24dBm, 30dBm BS to achieve low Tx EVM.
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Figure 1 Typical EVM performances for a commercial Micro BS
The main evaluation assumptions are summarized as following. Remaining simulation assumptions can be found in [4].
· Scenarios: small cell scenario 2b(sparse)/3, 2a(4Picos/Macro)
· Nominal transmission power of small cell: 24dBm for Scenario 2b/3, 30dBm for Scenario 2a, 
· {Tx EVM, Rx EVM}: {3%, 1.5%}, {4%, 4%} 
· Resource utilization is about 20% ~ 30%.
To evaluate the impact of power back-off on coverage and system performance, the metrics are selected as following.
· System performance: 5% UPT and mean UPT of all UE
· Small cell coverage: ratio of small cell UE 
The following 2 cases will be evaluated.
· Case 1 (baseline): All small cells in network use nominal transmit power.
· Case 2: All small cells in network use (nominal transmit power – x) dB. X= 2 dB
Note: all the evaluation cases use the same Tx/Rx EVM values and use 256QAM as maximum modulation type.
4 Evaluation results
Figure 2 shows the geometry of the all the UEs for the cases w/wo power backoff in different scenarios.
 [image: image2.png]



Figure 2 Geometry of w/wo power backoff in different scenarios
Observation1:
· With 2dB transmit power back-off, the geometry has negligible effect in the SCE scenarios.

Evaluation results are shown in Table 1 and Table 2, with different assumptions for Tx/Rx EVM assumptions. 
Table 1. {Tx EVM, Rx EVM}:{3%, 1.5%},
	Scenario
	Case 
	Power back off [dB]
	Resource Utilization
	small cell 
UE ratio
	5% UE UPT gain over baseline
(all UE) 
	mean UPT gain over baseline 
(all UE)

	S2a
	Case 1  
	0
	22.9%
	47.6%
	
	

	S2a
	Case 2
	2 
	23.3%
	47.2%
	-1.62%
	-1.88%

	S2b(sparse) 
	Case 1  
	0
	25.7%
	58.8% 
	
	

	S2b(sparse) 
	Case 2
	2 
	26.1%
	58.0% 
	-3.08% 
	-0.36% 

	S3
	Case 1 
	0
	24.6%
	100.0%
	
	

	S3
	Case 2
	2 
	25.0%
	100.0%
	-3.41% 
	-1.09% 


Table 2. {Tx EVM, Rx EVM}:{4%, 4%}
	Scenario
	Case
	Power back off [dB]
	Resource Utilization
	small cell 
UE ratio
	5% UE UPT gain over baseline
(all UE)
	mean UPT gain over baseline
(all UE)

	S2a
	Case 1 
	0
	24.4%
	47.6%
	
	

	S2a
	Case 2
	2
	24.6%
	47.2%
	-8.30%
	-1.24%

	S2a
	Small cell range extension bias =0.1dB
	2
	24.5%
	47.6%
	-0.53%
	-0.35%

	S2b(sparse)
	Case 1 
	0
	27.7%
	58.8%
	
	

	S2b(sparse)
	Case 2
	2
	27.8%
	58.0%
	-2.51%
	-0.04%

	S3
	Case 1
	0
	31.2%
	100.0%
	
	

	S3
	Case 2
	2
	31.3%
	100.0%
	-0.76%
	0.10%


For scenario 2a, 0.1dB additional bias could be used to keep the small cell coverage (i.e, ratio of small cell UE) the same as in case 1. The performance degradation caused by power back-off would be largely diminished with this small cell range extension.
From the evaluation results, it can be observed that 
Observation2:

· With 2dB power backoff, no more than 1% UEs change the serving cell from small cell to macro
· hence power back-off has trivial impact on small cell coverage
· Besides, a bias could be used for small cell range extension to keep the ratio of small cell UE (i.e in small cell coverage) the same as without power backoff, with very limited impact on system performance
· With 2dB power backoff, the mean UPT performance has less than 2% change
· hence power back-off has trivial impact on system performance
Even smaller impact could be expected with 1dB power back-off.
5 Conclusions

In this contribution, further evaluations considering the impact of power back-off are provided. Based on the evaluation results and analysis, the following observations are achieved:
Observation1:

· With 2dB transmit power back-off, the geometry has negligible effect in the SCE scenarios.

Observation2:

· With 2dB power backoff, no more than 1% UEs change the serving cell from small cell to macro
· hence power back-off has trivial impact on small cell coverage
· Besides, a bias could be used for small cell range extension to keep the ratio of small cell UE (i.e in small cell coverage) the same as without power backoff, with very limited impact on system performance
· With 2dB power backoff, the mean UPT performance has less than 2% change
· hence power back-off has trivial impact on system performance
Even smaller impact could be expected with 1dB power back-off.
It can be concluded that 

· Low Tx EVM (3~4%) could be achieved by power backoff with little impact on coverage and system performance
· Low Tx EVM could also be achieved by eNB implementation
· The gain of 256QAM is feasible with practical EVM values.
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