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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#74, two WFs were agreed: one on high speed train scenarios [1] and the other on evaluation for high speed train scenarios [2]. Although more detail for the parameters for the scenarios are still under discussion [3], the basic scenarios may be summarised in the following table

Table 1: Basic high speed train (HST) scenarios
	Scenarios
	Environment
	Method for extending eNB signals
	RRH IDs
	Repeater in Carriage

	1
	Open space
	RRHs
	Same
	No

	3
	
	No
	N/A
	Yes with leaky cable

	4
	
	No
	N/A
	No

	2a
	Tunnel
	RRHs
	Same
	Yes with leaky cable

	2b
	
	RRHs
	Different
	Yes with leaky cable

	2c
	
	Leaky cables
	N/A
	Yes with leaky cable

	2d
	
	RRHs
	Same
	No

	2e
	
	RRHs
	Different
	No



As shown in the above table, from RF environment point of view, both open area and tunnel cases are considered. For tunnel environment, either RRHs or leaky table may be used to extend the eNB coverage. In the following, we discuss the downlink Doppler frequency shift when leaky cable is used to extend the eNB coverage, assuming the repeaters installed in the carriage only provide the function of amplifying the downlink RF power without changing the RF signals, such as compensating the Doppler frequency shift.

Discussion
For high speed train (HST) scenarios, one main issue to be investigated is the Doppler frequency shift (DFS). 
From downlink point of view, a UE may receive signals directly from a BS (e.g., scenario 3 and 4 in Table 1) or from a nearby RRH (e.g., scenario 1) or from the leaky cable installed along with the railway (scenario 2c). When a UE receives signals directly from a BS or an RRH, the downlink power to the UE is normally treated as from one direction, and a single Doppler shift model may be used for evaluating the UE’s performance. For example, in TS 36.101, under high speed train condition, the Doppler shift is given by

			


where  is the Doppler shift and  is the maximum Doppler frequency (Figure 1), with the Doppler shift trajectory shown in Figure 2.


Figure 1. Illustration of downlink Doppler shift



Figure 2. Doppler shift trajectory (TS 36.101 Figure B.3-1)
One of the common ways to provide radio coverage inside the tunnels for high speed trains is achieved using leaky (radiating) cable. This technique does not require special planning, and provides a good coverage in all types of tunnel. As shown in the figure 3, leaky leakage coaxial cable is cut periodically with the openings. Each of the openings is equivalent to a mini-antenna capable of sending and receiving RF signals. 
[image: http://w3.siemens.com/mcms/industrial-communication/en/industrial-wireless-communication/network_components/iwlan-rcoax/PublishingImages/G_IK10_EN_30114J_436.jpg]
Figure 3. Illustration of a radiating cable


For the scenario with leaky cables deployed in tunnel environment, the HST DFS may be different with the model presented in TS 36.101, since the same downlink RF signals do not come from one direction, but from both front and back directions (Figure 4). As shown in the figure, a repeater in the train may receive downlink signals from leaky cable in both front and back directions. A repeater is a device that receives, amplifies and transmits the radiated or conducted RF carrier both in the downlink direction and in the uplink direction. The repeater is basically a two-way amplifier. It receives signals on one port, amplifies the signals and directs them out to another port. The same procedure happens the other way around. Due to the speed of the train, the repeater received signal frequency for the signals transmitted from the front of the train will be higher than the BS transmitting signal frequency, and the received signal frequency for the signals transmitted from the back of the train will be lower than the BS transmitting signal frequency. Thus, the Doppler shift would be centred at the transmitting signal frequency with the Doppler spread in the range from [-,].

Figure 4: Doppler shift distribution when leaky cable is used under the same cell coverage




Here, we like to point out that while it is clear that the Doppler shift spread in the range from [-, +], the distribution of the received RF power within [-, +]  would depend on the channel path loss. The RF power distribution could be concentrated at the centre of carrier frequency (“ᴖ” shape), or could be at both sides of the Doppler shift spread(“ᴗ” shape). Further investigation may be needed if necessary.




When the train is moving at the overlapping coverage area of two cells, the Doppler shift spread will be different for the signals received from the two cells. Although the Doppler shift spread for signals from both cells will still in the range from [-, +] , but the Doppler shift spread for serving cell will have smaller range within [-, +]  (Figure 5).

Figure 5: Doppler shift distribution for with leaky cable under the overlapping coverage of two cells
Summary 



In this paper, we discussed the downlink Doppler frequency shift when leaky cable is used to extend the eNB coverage, with the assumption that the repeaters in the carriage without changing the DL RF frequency. In this case, the Doppler shift will not be a single Doppler shift trajectory is modelled.  Instead, the received downlink carrier frequency will be centred at the transmitting downlink carrier frequency with Doppler shift of [-, +] , where the  is the maximum Doppler shift. 
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