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1 Introduction
In RAN4 AdHoc meeting #10-03 Bratislava, channel models for backhaul link between relays and eNB were discussed [1], [2]. In this contribution, several issues related to backhaul link channel models, i.e. both from eNB to relays and from relays to eNB, will be further discussed.
2 Discussion
In relay deployment scenarios, the channels for backhaul link between eNB and relays have different properties comparing to channels between eNB and UEs. The evaluation scenarios for relay are defined in TS 36.814 [3] considering the following aspects:
· Outdoor/indoor deployment

· Relay site planning

· LOS/NLOS
· LOS probability

· Relay antenna height
Due to the relay site planning and the relay antenna height, the LOS probability for backhaul link are higher than that between eNB and UE. Therefore, as proposed in [2], we agree that from RAN4 demodulation performance perspective the backhaul channels both for LOS and NLOS need to be defined.
2.1 Delay profile
· LOS channel for backhaul link
There is a strong dominant component (LOS component) in the LOS channel. The following gives some references. In [3], some LOS scenarios, including rooftop to rooftop, street level to street level, below rooftop to street level and etc, are discussed. In [4] and [5], it is observed that the power of LOS component varies largely, and the fast fading LOS channel models are given.
In [1] and [2], a LOS model is given. It could be reduced to one-tap model and it was considered to be approximately AWGN model. But in [3], [4] and [5], generally Ricean fading is used for LOS model. For some LOS models, It seems that the power corresponding to the scattering component within the first tap would not be negligible, e.g., for UMa channel model. Secondly, it would be difficult to use AWGN channel to match the typical scenario such as coverage extension or hole filling. Thirdly, it seems that AWGN is not used for Rel-8 demodulation evaluation yet in TS36.104 or TS36.101. Therefore, AWGN seems too simple for us. As the early study stage, we prefer not to use AWGN as LOS models.
Furthermore, in RAN4 demodulation requirements, three typical propagation profiles with small, medium or high delay spread are utilized. Since the primary function of relay node is for the coverage-improvement, e.g. coverage extension or hole filling according to operators' requirements, we suggest using small delay spread model (would correspond to hole filling) and large delay spread (would correspond to coverage extension) as working assumptions.
The channel models are given as following

Table 1 Small delay model for Relay backhaul
	Excess tap delay [ns]
	Relative power 

[dB]

	0 
	0.0

	[30]
	[-10.9]

	[70]
	[-11.9]

	[90]
	[-12.9]

	[110]
	[-17.9]

	[190]
	[-27.1]

	[410]
	[-30.7]

	Note: the first tap is modelled by Ricean fading and other taps are modelled by Rayleigh fading 


Table 2 Large delay model for Relay backhaul

	Excess tap delay [ns]
	Relative power 

[dB]

	0 
	0.0

	[30]
	[-12.4]

	[150]
	[-12.3]

	[310]
	[-14.5]

	[370]
	[-11.5]

	[710]
	[-20.0]

	[1090]
	[-17.9]

	[1730]
	[-22.9]

	[2510]
	[-27.8]

	Note: the first tap is modelled by Ricean fading and other taps are modelled by Rayleigh fading 


The number of taps and the detailed setup would be FFS. But we suggest defining multiple channel models with different delays, e.g. small delay spread + large delay spread.
To obtain the LOS channel model, two possible methods could be used:
· Alt1: Modified LOS models based on ITU channel model given in TS36.814, especially the CDL (clustered delay line) models.
· Alt2:  Add the dominant component and extend the existing RAN4 propagation models, such as EVA + dominant component.
If Alt1 is used, we need to reduce the number of taps. If Alt2 is used, we need to choose the proper existing RAN4 models as baseline. It seems that reducing tap number would lead to a little large wordload. We think that maybe we can use the latter method.
We give the examples in Table 1 and Table 2. Here we use UMi model as reference and EPA as baseline for the channel model extension with small delay spread and use UMa as reference and EVA as baseline for large delay spread channel. The rationale behind the extension is to try to keep the ratio of LOS component power to the sum of all the scattered components’ power for the extended channel model being the same as that of ITU models, i.e. UMi and UMa respectively.
· NLOS channel for backhaul link

NLOS channel models with different power delay profiles in different scenarios are also used for backhaul link [3][4][5]. Just as mentioned above, we suggest using multiple propagation models with different delay spread for defining performance requirements. Here, we have two ways to obtain the NLOS channel power delay profiles:

· Alt1: reuse one of delay profiles defined in section B.2.1 of [1]

· Alt2: adopt a new delay profile for backhaul NLOS channel
We prefer Alt1 and propose to use EPA to cover small delay spread scenario and EVA to cover the large delay spread scenario.
2.2 Doppler frequency
· NLOS channel for backhaul link

For the fixed deployed relay node, a low Doppler frequency shall be used to capture the environment changes. From our point of view, the Doppler frequency varies from 0.1-5 Hz in different scenarios. However, from the demodulation simulation point of view, very low Doppler frequency would make the possible converged results very challenging among different companies and lead to more efforts to align the simulation results later.
In TS 36.101, EPA 5Hz, EVA 5Hz, EVA 70Hz, ETU 70Hz, ETU 300Hz are defined and tested. In TS 36.814 [3], 5Hz are optional for backhaul NLOS channel. Therefore, it is suggested that one or several trade-off values should be considered. In [1] and [2], Doppler frequency range of 0.5-2 is suggested for FFS. We suggest using the larger one, i.e. 2Hz, as the baseline of the maximum Doppler shift.
· LOS channel for backhaul link

For LOS channel, as shown in [3], there may be different Doppler shifts for the LOS component and the scattered components. For simplicity, we suggest that the same U-shape Doppler spectrum and the maximum Doppler frequency used for NLOS above could be used for the scattered components as well as the LOS component.
2.3 Correlation matrices selection

· LOS channel for backhaul link

The LOS channel is made up of LOS component and the scattered components. When multiple antennas and fixed relay are used, there exist the fixed phase differences between LOS components for various Tx-Rx pairs, which would lead to some kind of constant beam pattern for LOS component. Therefore, to some extent, the LOS components are highly correlated.
It would be a little meaningless to use LOS model for the relay multiple antenna performance testing. But as the early study stage for relay demodulation, we still can use the low, medium or even high correlation matrices for the scattered components. But it seems that only low correlation matrix would make sense and as a whole high correlation would be obtained for the given RE.
Thus we suggest only using the LOS model for SIMO performance evaluation. But before getting conclusions, we need further study.
· NLOS channel for backhaul link

For NLOS scenario, the correlation matrices are given in the following tables, which re-use the correlation matrix 
Table 3 and Table 4 define the correlation matrix for the eNB, α and β define the spatial correlation values between the antennas at the eNB and RN.

Table 3 eNodeB correlation matrix 

	
	One antenna
	Two antennas
	Four antennas

	eNode B Correlation
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Table 4 Relay node correlation matrix

	
	One antenna
	Two antennas
	Four antennas

	Relay node Correlation
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In [1] and [2] , the candidate values are proposed as follows:
Table 5 Low, Medium and High Correlation Values

	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	(
	(
	(
	(

	0
	0
	0.3 
	0.3
	0.9 
	0.9 


They are different from the values given in 36.101, especially for medium correlation. Here, we will check the feasibility of these values
Table 6 Candidate configurations for correlation evaluation
	Case1
	Low correlation
	(=0, (=0

	Case2
	Medium Correlation 
	(=0.3, (=0.3

	Case3
	Medium Correlation
	(=0.3, (=0.9

	Case4
	High Correlation
	(=0.9, (=0.9

	Case5
	Full Correlation
	(=1, (=1


The following figures give the capacity curves with respect to different candidate configurations and compare the capacities of different candidats with those of full correlation and low correlation. 
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(Fig 1. capacity vs. 1x2 antenna configuration with different correlation matrix)
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(Fig 2. capacity vs. 2x2 antenna configuration with different correlation matrix)
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(Fig 3. capacity vs. 4x2 antenna configuration with different correlation matrix)
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(Fig 4. capacity vs. 4x4 antenna configuration with different correlation matrix)
From the above figures, we observe that
· For 4×4 , (=0.3, (=0.3 seem more suitable for medium correlation;

· For 4×2 , 2×2 , (=0.3, (=0.9 seem more suitable for medium correlation as given in TS36.101 and TS36.104.
Based on the above observations and representative configuration scenarios, how to define medium correlation matrix might need further study.
3 Conclusion


In this contribution we discuss the channel models for relay backhaul link including delay profile, Doppler and correlation matrices. Our current preferences are as following:
· The LOS channel models based on the Ricean fading are proposed;
· The multiple profiles with different delay spreads, e.g. small delay spread plus large dealy spread, are suggested to be used for LOS and NLOS performance evaluation; 
· The example LOS channel models are proposed based on the extension of the existing RAN4 propagation profiles and the existing RAN4 propagation profiles are suggested to be reused for NLOS models;
· In order to simplify the working assumptions and facilitate the simulation result alignments, a larger Doppler frequency [2Hz] is suggested for both LOS and NLOS channel models;
· The LOS model is suggested not being used for MIMO test, but further studies are needed;

· The Rel-8 correlation matrices are proposed to be reused for Relay backhaul but with some modifications, i.e. for 4×4 , (=[0.3], (=[0.3] and 4×2 ,2×2 , (=[0.3], (=[0.9].
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