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1. Introduction
The existing railway covering methods are analyzed in [1], and it is proposed that only the L1 repeater is considered while assessing the benefits of mobile relays over existing solutions for high speed train scenario. In this paper, the detailed comparison between mobile relay and L1 repeater is provided.

2. Discussion
In [2], it is mentioned that severe Doppler frequency shift, high penetration loss, low handover success rate, short UE battery life and high CAPEX and OPEX are the main challenges of fast-moving environment. Hence we first focus on the methods mobile relay and L1 repeater adopted to overcome these problems. In addition, spectral efficiency, impact to legacy network, data forward delay and SINR are also analyzed in this section.

2.1. Doppler frequency shift
There is no difference between mobile relay and advanced L1 repeater in overcoming the Doppler frequency shift. Both of them can deploy the same Doppler frequency correction methods. For mobile relay and advanced L1 repeater, how to correct the Doppler frequency shift is rather an implementation issue.
2.2. Penetration loss
There is no difference between mobile relay and L1 repeater again. Both of them can deploy separate inner and outer antennas to overcome the great penetration loss of the train carriages.
2.3. Handover success rate
Group handover is considered as one of the key features of mobile relay. Thousands of individual UEs’ handovers can be substituted by one group handover. This is an effective way to avoid signaling congestion at network side and reduce high handover failure rate in railway scenario nowadays. Given that some enhancements (e.g. higher transmission power, more sensitive receiver, advanced antenna processing) may be deployed to mobile relay, the handover/group handover success rate of mobile relay is assumed much higher than that of a normal UE. Since L1 repeater can’t provide group handover feature, benefit of signaling congestion avoidance and reduced handover failure rate cannot be achieved by deployment of L1 repeater.
2.4. UE battery life

As mentioned in 2.2, both mobile relay and L1 repeater can alleviate the situation of high penetration loss. This is very helpful to reduce UE battery consumption, since UE can transmit with low power. Therefore, both mobile relay and L1 repeater can improve UE battery life for active UEs. 
What’s more, in mobile relay case UEs don’t need to change the actual serving/camping cell. The UE battery life can be further improved by avoiding measurements and reporting for mobility purpose and handover procedures (less signaling). Both idle and active modes UEs’ battery consumption can be reduced.  Hence, mobile relay is more battery efficient than L1 repeater.
2.5. CAPEX and OPEX
Support multiple-RAT on Uu interface is another key feature of mobile relay. With this feature, a mobile relay can provide multiple-RAT service on a train with LTE backhaul. This means only LTE infrastructure is needed along the railway. The CAPEX and OPEX are reduced greatly when compared with L1 repeater deployment, in which infrastructures of all of the operating RATs need to be deployed along the railway.
2.6. Spectral efficiency
In our view, the relay classification defined for fixed relay in TR36.814 [4] is also valid for mobile relay. In other words, mobile relay may work as “Type 1(inband with resource separation)”, “Type 1a (outband)” or “Type 1b (inband without resource separation)” relay.
In L1 repeater and Type 1b mobile relay cases, the backhaul link and access link share the same spectrum and can work simultaneously. Cell split can be used in the train carriages on access link of mobile relay; hence the backhaul link is the bottleneck link and determines the spectral efficiency of Type 1b mobile relay. Given that some enhancements can be achieved on backhaul link in mobile relay case, such as scheduling signalling can be reduced on backhaul link, the spectral efficiency of Type 1b could be higher than L1 repeater.
In Type 1 and Type 1a relay cases, the backhaul link and access link can not use the same spectrum or can not use the same spectrum simultaneously. However it doesn’t mean the spectral efficiencies of Type 1 and Type 1a relay is only approximate to half of L1 repeater, since cell split can be used in the train carriages on access link of mobile relay. For example, operator can configure 40MHz for backhaul link and 5MHz for access link in Type 1a relay case. The 5MHz spectrum can be reused in different carriages of the same train by different relay cells. The spectral efficiency of Type 1 and Type 1a relay can also be improved by scheduling signalling reduction etc. Hence, spectral efficiency of Type 1 and Type 1a relay is lower than L1 repeater, but the difference may be small.
2.7. Impact to legacy network architecture
It is obviously that L1 repeater causes no impact to legacy network architecture. Whether mobile relay will cause big impact to legacy network architecture depends on the mobile relay architecture to be selected. Taking the architectures discussed in[3] as examples, the architecture Alt1 causes small impact to Rel-8 network architecture, while the Alt2 brings bigger impact to Rel-10 network architecture.
2.8. Forwarding delay
An L1 repeater is characterized by the forwarding of received signals on layer 1. A repeater typically introduces very little delay compared to mobile relay which operating on layer L3. For L1 repeater, the forwarding delay between L1 repeater receiving and forwarding signal is only several microseconds, and the receiving and forwarding operation can be performed in the same subframe. Meanwhile, for mobile relay which needs to obtain L3 packets from received signal before forwarding, the delay between receiving and forwarding is several or even more than ten milliseconds. We notice that the same forwarding delay also exists in fixed relay and is considered as acceptable in Rel-10.
2.9. SINR 
A L1 repeater can not differentiate between received desired signals and received noise/interference since no decoding operation is performed in the repeater. Hence both noise and desired signal are amplified and forwarded by the repeater and the repeater can not improve the SINR from input to output. It’s different case for relay. Relay needs to decode the received signal before forwarding the packet, the decoding operation avoids the error on one link be prevalence the other link. 
3. Summary
According to the discussion in section 2, the difference of mobile relay and L1 repeater are summarized in the following table.
Table 1 Comparison between mobile relay and L1 repeater
	
	Mobile Relay
	L1 Repeater

	Handover success rate
	High

Group mobility avoids possible signal congestion
	Low
No additional benefit to handover success rate

	UE battery life
	Long

Both active and idle modes UEs’ power consumption are saved by not performing measurement for mobility and the less signaling caused by frequent handovers
	Short
Less saving of UEs power consumption and only applies to active mode UEs

	CAPEX and OPEX
	Low 
Only LTE infrastructure is needed along the railway
	High

Multi-RAT infrastructures deployment are needed along the railway

	Spectral efficiency
	Type 1b: high

Type 1: low

Type 1a: low

Access and backhaul link of Type 1b mobile relay can share the same spectrum and work simulations. 
Cell split can be adopted on access link of mobile relay.

Enhancement can be adopted on backhaul link of mobile relay.
	Medium

	Impact to legacy network architecture
	Depend on mobile relay architecture selected
	No impact

	Forwarding delay
	High
Several or more than ten  milliseconds, and is considered acceptable as in fixed relay.
	Low
Several microseconds

	SINR
	Improved
	No improvement


It’s proposed that:

Proposal: RAN3 to discuss the above table and capture this table in the TR36.416.
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