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1. Introduction

During the recently concluded MIMO OTA, the origin of XPR = 9 dB was raised. It was suggested that XPR=0 dB would be another choice [1] to be considered, however, as noted in [2], setting XPR = 0 dB has an impact on BS correlation, resulting in diminished capability to discriminate differences in performance due to DuT polarization. 

This contribution lists the background material that forms the basis of choosing XPR = 9 dB, which can be traced to the original Wireless World Initiative New Radio (WINNER) project. Some of the key goals of the WINNER I and WINNER II projects were:
· identify and analyse challenging user and usage scenarios to derive requirements for the WINNER radio interface

· investigate the propagation conditions and to develop related radio channel models
Based on this several measurements were performed, and these measurements form the basis of several channel models for different usage scenarios including Urban Macro and Urban Micro environments [3]. The WINNER models served as a basis for further analysis and recommendation of channel models in 3GPP. The 3GPP channel models have been defined in [4].
2. Definition of XPR
The propagation from the BS to the MS in urban environments is usually obstructed by buildings and objects, which attenuate, diffract, reflect, and thus modify the signal in various ways [2].  Wideband models replicate the clusters that are observed in field measurements, with the characteristic angle spread at the BS and MS.  

The channel models defined in 3GPP for MIMO evaluations [1] are all double directional geometry-based stochastic models, which define correlation based on the antennas used on each end.  This is also part of the expected MIMO channel.  The MIMO Channel Matrix (H) contains components from both the BS and MS, which often have quite different entries, i.e. the two BS entries, depending on the mobile device antenna’s complex response.  

XPR is defined in section 8 of the TR [5] as:

In the following we define the cross polarization power ratio a propagation channel as:
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•
SVV is the coefficient for scattered/reflected power on V-polarization and incident power on V-polarization

•
SVH is the coefficient for scattered/reflected power on V-polarization and incident power on H-polarization

•
SHV is the coefficient for scattered/reflected power on H-polarization and incident power on V-polarization

•
SHH is the coefficient for scattered/reflected power on H-polarization and incident power on H-polarization

Thus the XPR ratio is the fraction representing the portion of the signal which is unchanged to that which is changed.
XPR is a parameter of propagation channel. It should not be confused neither to a polarization discrimination capability of an antenna nor to V/H power ratio of vertically and horizontally polarized signals powers around Rx antenna.

3. Observations from Previous Campaigns

In the WINNER I and WINNER II projects several measurement campaigns have been conducted and the following have been observed for the different channel models considered. The measured XPR values presented in Table 1 is a summary of sub-session  2.3 and table 4-5 from [3], XPR values for all the measured channel under the WINNER Project:
	Model
	Description
	Frequency Range (GHz)
	Measured XPR

	A1 – LOS
	Indoor Small Office
	2 – 6
	11 dB

	A1 – NLOS
	Indoor Small Office
	2 – 6
	10 dB

	A2/B4 – NLOS
	Indoor to Outdoor/Outdoor to Indoor
	2 – 6
	9 dB

	B1 – LOS
	UMi 
	2 – 6
	9 dB

	B1 – NLOS
	UMi
	2 – 6  
	8 dB

	B2 – NLOS
	UMi
	2 – 6 
	8 dB

	B3 – LOS
	Indoor Hotspot
	2 – 6 
	9 dB

	B3 – NLOS
	Indoor Hotspot
	2 – 6
	5 dB

	C1 – LOS
	UMa, suburban
	2 – 6
	8 dB

	C1 – NLOS
	UMa, suburban
	2 – 6
	4 dB

	C2 – LOS
	UMa
	2 – 6
	8 dB

	C2 – NLOS
	UMa
	2 – 6
	7 dB

	C3 – NLOS
	Bad UMa
	2 – 6
	7 dB

	C4 – NLOS
	Outdoor-to-Indoor (urban) macro cell
	2 – 6
	9 dB

	D1 – LOS
	Rural Macro Cell
	2 – 6
	12 dB

	D1 – NLOS
	Rural Macro Cell
	2 – 6
	7 dB

	D2a – LOS
	Moving networks
	2 – 6
	12 dB

	
	
	
	


Table 1 XPR values for all the measured channel under the WINNER Project
For the Urban Micro/Macro cell, the parameters have been extracted from measurement campaigns with chip frequency of 60 MHz at a frequency range of 5.3 GHz. In the LOS model the Ricean K-factor is 3.3 dB. The XPR values measured are:

	Model
	XPR (dB)

	UMi LOS
	9

	UMi NLOS
	8

	Bad UMi 
	8

	UMa LOS
	8

	UMa NLOS
	7


Table 2 Measured XPR values for UMa and UMi channel models
In all the measurements conducted by the WINNER project, the XPR = 0 dB was not observed. For the Urban Macro and Urban Micro setting, XPR ranged from 7 dB to 9 dB as indicated in Table 2 Measured XPR values for UMa and UMi channel models. Similar results have been obtained in [6], where measured XPR parameters (termed by the authors as XPD) range from 8.9 – 15.4 dB (Suburban), 9.8 – 10.2 dB (Urban). In [7], measurement in different environments places these values from 4 dB to 11 dB.  Another set of measurement results reported in [8] show that the XPR = 0 dB does not occur, here, the values range from 12.6 dB to 7.5 dB. Another set of measurements at 2.45 GHz in a multipath setting also demonstrate similar results [9]. 
A Typical MIMO Channel has a high SNR condition resulting from shorter paths with fewer obstructions. This also represents the case where the users are closer to the BS or a small cell. Hence, higher XPR ratios are natural. Higher XPR ratios result in correspondingly higher BS correlation as well [2]. 
With the above measured data, and the fact that MIMO channels lead to higher SNR conditions and hence higher XPR ratios, a higher value of XPR from the measured values seem to be the obvious choice for comparing the performance of devices under a MIMO setting, and hence XPR = 9 dB is appropriate for the models considered in [5]. 
4. Conclusions
Based on the various measurement campaigns performed in WINNER, it has been seen that XPR = 0 dB is not observed in any of the channel models considered. Moreover, for the Urban Micro Cell and Macro Cell models, the values tended to be from 7 dB to 9 dB. Since, MIMO channels lead to higher SNR conditions, and hence higher XPR values, XPR = 9 dB is a natural choice for MIMO OTA testing. 
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