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1   Introduction
In RAN#53 meeting, Mobile Relay SI was approved [1], and as described in the WID, the objective of this study item shall focus on identifying the key properties of mobile relays and assessing the benefits of mobile relays over existing solutions (e.g. L1 repeaters) in fast-moving environments.

In order to identify the key benefit of mobile relay, the throughput and the group handover benefit are investigated in detail in this paper, it is proposed to RAN3 assess these benefits while comparing different solutions.
2   Throughput
As identified in [2], two main factors affect the user throughput:
-
The trains operated with high speed, e.g. 350km/h
-
High penetration loss of the radio signal through the well shield carriages
Due to fast moving and well shield carriage, the network in high speed train scenario faces severe Doppler frequency shift and high penetration loss, the UE throughput is heavily reduced. In this case, some entity, e.g. repeater or mobile relay could be put on the train to provide the throughput enhancement. The test results of directly covering and repeater on the train could be found in [3]. The throughput comparison of TD-SCDMA/HSDPA between directly covering and repeater can be viewed in Figure 1.
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Figure 1: Throughput comparison between directly covering and repeater.
It’s reasonable to deduce that the throughput in case of LTE is similar with that in HSDPA: LTE repeater could improve the UE throughput in the train. If mobile relay have the similar effect in this scenario, there are other problems that how much are the throughput of all the UEs in train and how it can be transmitted to DeNB in the backhaul link?
Assuming the train carries 1000 passengers, and that 20% of them are active (with voice, video streaming, and web browsing application types). Assuming the service distribution is shown as Table 1:

Table 1: Application types distribution

	Index
	Application type
	Estimated Probability
	Average bitrate

	1
	Web browsing
	Very high (25%)
	50Kbps

	2
	E-mail
	High (15%)
	50Kbps

	3
	Instant messenger
	Very high (25%)
	10Kbps

	4
	Gaming
	Media (7.5%)
	100Kbps

	5
	Video/audio on demand
	Media (7.5%)
	MPEG1: 1.5Mbps

MPEG-2: 1.5-6Mbps

Average 3Mbps

	6
	Video call
	Low (2%)
	300Kbps

	7
	FTP
	Low (2%)
	100Kbps

	8
	VoIP
	High (15%)
	30Kbps

	9
	Video conference
	Very low (1%)
	2-4Mbps，average 3Mbps


The total throughput can be calculated by following formula:
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Thus, the throughput of all UEs in one train is 59500 kbps. Considering 10% overhead on the air interface (e.g. reference symbol and control channels), about 65Mbps bit rate should be transmit over the backhaul link for one train. Considering the case that two trains will meet together under one DeNB, the backhaul transmission should support 130Mbps. If the mobile relay solution is chosen, the backhaul bottleneck should be considered.
3   Handover

A typical scenario of high speed train is demonstrated in [4].
Assuming the train length 
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, the active UE number 200 (1000 passengers and 20% active), the train speed 
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, there are following factors in cases of the direct covering case:
· Per UE handover duration as 
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, which is 3.24s. This means the UE should perform the whole handover procedure during 3.24s, typical including measurement, RRC connection reconfiguration and random access.
· Train across time as 
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, which is 8.04s. During this time, the base station will have to hand over all the active UEs aboard the train. This means the eNB should handle 25 HO per second.
It’s reasonable to assume that it’s not a big problem for eNB to handle 25 HO per second. To reduce the handover failure rate, the main point is to increase the handover duration, which means increase the overlap area. Different solution can be used here.
3.1   CA-based solution

In this solution, the cells in frequency 
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 are deployed as in Figure 2. The carriers of 
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 are configured to UE as component carriers. In any point, the UE can receive good SINR at least from one carrier:
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 or 
[image: image13.wmf]2

f

. In one sense, this solution increases the overlap area to the cell radius of 1000m. Per UE handover duration will be 12 seconds. This could decrease the handover failure rate effectively.
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Figure 2: CA-based solution
3.2   CoMP-based solution

In this solution, different RRUs are deployed as in Figure 3. Different RRUs share the same cell ID. The nearest RRU is chosen to serve the train without the need for handovers. This CoMP scheme will enlarge the cell radius together with the overlap area effectively. Because of same cell ID, in most case, the handover between cells is replaced by the switch of serving RRU/antenna. In addition, the enlarged cell radius will allow larger overlap area. Thus the handover performance could be improved also.
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Figure 3: CoMP based solution
3.3   Repeater/Relay with distributed antenna system solution

Different from a normal UE, there is enough space to deploy many antennas on the top of train. In this solution, an entity, such as repeater or mobile relay is placed on the top of train together with a distributed antenna system. As long as the one antenna of the distributed system is in the overlap area, the entity could receive the DL transmission from DeNB. As for the UL, the proper antenna is chosen for the UL transmission.
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Figure 4: Repeater/relay with distributed antenna system
In some sense, the overlap area is enlarged by the distributed antenna system. The new overlap area can be viewed as 
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, which is 670m. The corresponding per UE handover duration will be 8.04 seconds. This could also decrease the handover failure rate effectively.
Note handover gain comes from the distributed antenna system. If distributed antenna system is not deployed on the train, it’s reasonable to deduce that the HO failure rate of mobile relay and that of individual UE under repeater is similar. Once the mobile relay handover failure, all the UEs will be dropped. Thus the HO failure rates of all the UEs under relay or repeater without distributed antenna system are similar.
4   Conclusion
In this contribution, we analyses the throughput and handover issues in high speed train scenario. These issues are suggested to be considered while choosing proper solution for high speed train scenario.
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