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1  Introduction

In RAN4#66bis meeting, initial opinions on Tx and Rx EVM performance of 256QAM for small cells were presented in [1-8]. For the Tx EVM, most companies have the views that at lower Tx power scenario (<30 dBm), Tx EVM of ~4% is achievable. However, many also think that more evaluation is needed for Tx and Rx EVM, where for Rx EVM there are practical UE RF factors that need to be considered, as shown in [8]. 
From the agreed LS to RAN1 in [9], it is stated that further discussions on the EVM of 256QAM for small cells will be needed. In this contribution, some further considerations on this topic were provided, notably on how to derive the 256QAM EVM requirement for small cells. 
2 Discussions
Small cell is generally a low-power node whose Tx power is lower than a macro node. Existing BS classes, for example Pico and Home eNB, can be both classified as small cells. Thus, existing RF core requirements such as EVM requirement defined in TS 36.104 can be reused for small cells. The EVM measurement, interpolation technique and averaging method defined in Annex E of TS 36.104 can also be reused. So, EVM requirement derivation of existing modulation formats (QPSK, 16QAM and 64QAM) will also be applicable to the small cells. Then to support 256QAM for small cells, the only key issue will be how to derive the DL EVM requirement for 256QAM. 

DL EVM can be modelled using the linear AWGN signal with certain power level, as shown in Figure 1. 


[image: image1]
Figure 1: DL EVM model for small cells
In Figure 1, the Tx and Rx EVM are modelled separately to capture the Tx and Rx imperfections respectively. For DL EVM, the Tx EVM will be the focus as this is actually defined in TS 36.104. Rx EVM is needed to ensure that any UE impairments are taken into consideration in the process of deriving the Tx EVM. This will also ensure that we do not over-specify or under-specify the DL EVM requirement. The AWGN modelling of EVM has been proven to be accurate based on the central limit theorem that the Tx and Rx RMS EVM can be viewed as the sum of all the EVM contributions from Tx and Rx imperfections respectively such as I-Q amplitude and phase imbalance, LO phase noise, carrier time and frequency offsets, transmitter DC offset, Clipping effect, etc. So, the proposal here is to reuse the AWGN model for 256QAM case. 
Inline with the past EVM derivation process for different modulation formats like QPSK, 16 QAM and 64QAM, the user throughput versus C/I curve is obtained either via the link level simulation or bsed upon the theoretical modified Shannon capacity equation. Then, by using 5% user throughput loss as criteria, the relationship between C/I and EVM can be established. From the operating range of C/I, the EVM can then be estimated by computing the median C/I. While this method has been proven to be accurate, realistic system deployment scenario has not been considered, and there is a risk that the EVM requirement may be set too optimistic or pessimistic. Nevertheless, this method is still good to be used as rule-of-thumb for deriving the EVM requirements.    

Therefore, it is proposed that system level simulation approach should be used to evaluate the DL EVM of 256QAM for small cells. System level simulation is known to take into consideration the deployment scenario, average throughput behaviour under the multi-user and multi-cell environment and hence more realistic result can be obtained for a specific modulation and coding scheme. This can provide better BS EVM picture and thus the EVM requirement can be determined with greater accuracy and confidence. The approach consists of the following steps [10]:

1) Define the small cell deployment scenario(s)

2) Specify the overall system parameters, network parameters, BS-specific parameters and UE-specific parameters.

3)  Perform system level simulation and collect the performance metrics.
Further details on the steps above are provided below. 

Step 1: Define small cell deployment scenario(s)

Small cells deployments have been discussed extensively in RAN1 [11] and RAN plenary [12]. Several scenarios have been identified to be suitable for small cell deployment. Among them, Scenario 3 has been agreed. This is shown in Figure 2 below: 
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Figure 2: Small cell deployment scenario #3
The characteristics of Scenario 3 are mainly given by the fact that it is intended for indoor standalone deployment and small cells are likely to be deployed in clusters. It is also considered to be a sparse deployment case similar to the indoor hotspot scenario defined in Rel-10 LTE-A scenarios. Thus, Scenario 3 can be independently configured to operate 256QAM with little or no impact to other part of the LTE network. In addition, the interference level is likely to be less severe and this provides better probability of 256QAM selection.  Hence, we proposed that Scenario 3 can be used as baseline to derive the EVM requirement of 256QAM for small cells.This is given in Table 1 below: 
	 Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Case
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	Scenario 3
	3.5
	500
	10
	n/a
	3


Table 1: Scenario 3 main parameters
Step 2: Specify small cells system parameters, network parameters, BS-specific parameters and UE-specific parameters

It is proposed to reuse as much as possible RAN1’s system assumptions in TR 36.814 and the small cells evaluation assumptions in [11]. An example of Scenario 3 parameters are provided in Appendix 1. Provided that this approach is acceptable for RAN4 group, it is critical to have a consistent set of parameters for the agreed scenario(s) in order to derive the DL EVM requirement for 256QAM. 
Step 3: Perform system level simulation and collect the performance metrics
The performance metrics that should be collected are 

a. CDF of C/I and/or SINR as a function of EVM

b. CDF of user throughput as a function of EVM

c. Cell throughput as a function of EVM

Those metrics are viewed as the key statistics that can be used to derive the DL EVM for 256QAM. Other metrics can also be provided if necessary. 

3 Conclusions
In this contribution, the DL EVM modelling and the methodology on how to derive the EVM requirement to support 256QAM for small cells have been provided. It is also proposed that Scenario 3 should be used as baseline scenario to evaluate the DL EVM for 256QAM. So, the proposals are summarised as:
Proposal 1: DL EVM can be modelled by using the AWGN signal model. 

Proposal 2: RAN4 to adopt the outlined system level simulation approach to evaluate the EVM requirement for 256QAM for small cells.
Proposal 3: RAN4 to adopt Scenario 3 as baseline scenario to derive EVM for 256QAM. 
4 References
[1] R4-131008,
“Proposal on EVM requirement for 256QAM”, ZTE.
[2] R4-131091, “On support of 256QAM”, Huawei.

[3] R4-131472, “Considerations on BS EVM for DL 256QAM”, Nokia Siemens Networks, Nokia Corporation.

[4] R4-131557, “BS transmitter impairments and achievable EVM for 256 QAM”, Ericsson, ST-Ericsson.

[5] R4-131563, “UE receiver impairments for 256 QAM”, Ericsson, ST-Ericsson.

[6] R4-131656, “Considerations for EVM on 256QAM operation”, Renesas Mobile Europe Ltd.

[7] R4-131742, “256QAM for Small Cells SI”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.

[8] R4-131745, “Impairments Impact on 256QAM DL performance in LTE”, Nokia Corporation, Nokia Siemens Networks.

[9] R4-132019, “LS on 256 QAM Support”

[10] R4-070124, “System simulation results for derivation of E-UTRA BS EVM requirements”, Nokia.

[11] R1-130856, “Evaluation assumptions for small cell enhancements-physical layer”, Huawei, HiSilicon.

[12] TR 36.932. 

Appendix 1: Example of System parameters for Scenario 3

	Parameters
	Model Assumptions

	Layout
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Refer to A.2.1.1.5 in TR36.814



	System bandwidth per carrier
	 [Refer to Table 1]

	Carrier frequency 
	 [Refer to Table 1]

	Number of carriers
	1

	Total BS TX power (Ptotal per carrier)
	20 dBm, 24 dBm, 30 dBm, 37 dBm

	Distance-dependent path loss
	ITU InH [refer to Table B.1.2.1-1 in TR36.814] 
3D distance between an eNB and a UE is applied

	Penetration
	 [Refer to Table 1]

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

	Antenna pattern
	 Refer to TR 36.814

	Antenna Height: 
	6m

	UE antenna Height
	 2m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	 0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Antenna configuration
	 X-pol, +/- 45o

	Number of UEs 
	10 UEs per small cell

	UE dropping
	Randomly and uniformly distributed over area per floor

	Minimum distance (2D distance)
	Small cell-UE: 3m

	Traffic model
	FTP 1

	Scheduler
	RR

	#UEs/sector
	10

	MCS 
	Selection based on CQI feedback

	CQI model
	ideal CQI estimation in UE (per RB)

	HARQ model
	CC, asynchronous

	Frequency reuse
	1

	Network synchronization
	Synchronized

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook

	DL transmission scheme and coordination scheme 
	SU-MIMO with rank adaptation

	EVM model
	EVM is modelled as AWGN
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