3GPP TSG-RAN WG4 Meeting #76bis
R4-156020
Sophia Antipolis, France, 12th October – 16th October, 2015
Agenda item:

9.5.1
Source:
MediaTek Inc.
Title:
Channel model for Unidirectional RRH deployment
Document for:

Discussion
1 Introduction
The chairman notes in previous meeting has the following agreement,
R4-155157
Way forward on unidirectional RRH arrangement[1]


Agreement: Both Bidirectional and Unidirectional RRH Deployments will be studied under the SFN scenario
The unidirectional scenario, so far, is studied only by one company [2][3] and the corresponding channel model is still not discussed. In this paper, we provide our ideas of modelling the channel based on two paths. The performance comparison between Bidirectional and Unidirectional deployment is shown in our companion paper [4].
2 Channel model for Unidirectional RRH deployment
The channel model of the Bidirectional RRH deployment is to consider the received signal of the UE from two nearest RRHs, as shown in Fig. 1 and Fig. 2. For Unidirectional deployment as shown in Fig. 3 and Fig. 4, we propose to also consider the UE to receive signals from two RRHs. For example, when the UE is between RRH2 and RRH3, it receives the signals from RRH1 and RRH2. And when the UE passes by RRH3 and it is on the way to reach RRH4, the signals from RRH2 and RRH3 are received.
Now the question is how to model the transition of the UE for starting to receive RRH3 signal when the RRH1 signal is much weaker. Let’s use Fig. 5 for explanation. 

Assume that the UE is right in front of RRH2 at t = 0 in Fig. 5. At t = Ds/v, where v is the speed, the UE arrives at RRH3 and at this moment, the signal received by the UE is still from RRH1 and RRH2. The angle term in the Doppler frequency for the signal from RRH1 and RRH2 respectively at t = Ds/v is,    
[image: image1.emf]  (1) , which is from RRH1, and     
[image: image2.emf]   (2), which is from RRH2.
We define the transition period from receiving RRH1 signal to switch to receive RRH3 signal is between t = Ds/v and t = (Ds+d)/v. The parameter d/v can be pre-defined. At t = (Ds+d)/v, the angle term in the Doppler frequency for the signal from RRH3 is,
[image: image3.emf]   (3).
The Doppler frequency transition during the transition period can be modeled as
[image: image4.emf] , where Ds/v <= t < (Ds+ d)/v

As the behavior in transition period is defined, the angle term for the signal from the odd index of RRH (RRH1, 3, 5, etc..) by assuming that UE is at RRH2 at t= 0, can be expressed as,

[image: image5.emf], where 0 <= t < Ds/v,
[image: image6.emf], where Ds/v <= t < (Ds+ d)/v,

[image: image7.emf], where (Ds+ d)/v <= t < 2Ds/v.
Similarly, the angle term for the signal from the even index of RRH (RRH2, 4, 6, etc) is,
[image: image8.emf], where 0<= t < d/v,
[image: image9.emf], where d/v <= t < 2Ds/v,
and 

[image: image10.emf], as t >= 2Ds/v.
And we can further have

[image: image11.emf].
Based on the above, the received signal power can be derived,

[image: image12.emf], where 0<= t < d/v,
[image: image13.emf], where d/v <= t < 2Ds/v,
and 

[image: image14.emf], as t >= 2Ds/v.

The relationship between p0(t) and p1(t) is,

[image: image15.emf].
The time delay of the path is also derived accordingly, 

[image: image16.emf], where 0<= t < d/v,

[image: image17.emf], where d/v <= t < 2Ds/v,
and,
[image: image18.emf], as t >= 2Ds/v,
and also we have

[image: image19.emf]
The trajectories of Doppler frequency shift, received signal path loss and the received signal time delay are shown in Fig. 6, where Ds = 300m, Dmin =10m, the speed = 350Km/hr and max Doppler shift = 875Hz. The transition period is set as 0.5 seconds. 
[image: image20.jpg]RRH 1 RRH 2 RRH 3





Fig. 1, The received signal for the UE between RRH1 and RRH2 for Bidirectional deployment
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Fig. 2, The received signal for the UE between RRH2 and RRH3 for Bidirectional deployment
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Fig. 3, The received signal for the UE between RRH2 and RRH3 for Unidirectional deployment
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Fig. 4, The received signal for the UE between RRH3 and RRH4 for Unidirectional deployment
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Fig. 5, Define the transition period d/v for the UE to switch to receive RRH3 signal 
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Figure 6, The trajectories of Doppler frequency shift, received signal path loss and the received signal time delay for the settings of Ds = 300m, Dmin =10m, the speed = 350Km/hr and max Doppler shift = 875Hz
3 Conclusion 
Observation 1, The Doppler frequency shift trajectory doesn’t show abrupt change between positive and negative value for the Unidirectional deployment.
Proposal 1, We propose the channel model for Unidirectional deployment as
[image: image26.emf], where 0<= t < d/v,

[image: image27.emf], where d/v <= t < 2Ds/v,

and 

[image: image28.emf], as t >= 2Ds/v.

[image: image29.emf].

[image: image30.emf], where 0<= t < d/v,

[image: image31.emf], where d/v <= t < 2Ds/v,

and 

[image: image32.emf], as t >= 2Ds/v.

[image: image33.emf]
[image: image34.emf], where 0<= t < d/v,

[image: image35.emf], where d/v <= t < 2Ds/v,

and,

[image: image36.emf], as t >= 2Ds/v,

and also we have

[image: image37.emf]
The transition period d/v can be pre-defined. 
4 Reference
[1] R4-155157, “Way forward on Unidirectional RRH Arrangement”, Ericsson, Telecom Italia, Aug 2015
[2] R4-154516, “Modified RRH Arrangement for HST SFN”, Ericsson, Aug 2015
[3] R4-154520, “Evaluation of Unidirectional RRH arrangement for HST SFN”, Ericsson, Aug 2015
[4] R4-156021, “Performance comparison between Bidirectional and Unidirectional deployment”, MediaTek, Oct 2015
