
3GPP TSG RAN WG3#75bis
R3-120517
San Jose del Cabo, Mexico, March 26th –30th, 2012
Source:
CATT 
Title:
Comparison between mobile relay and existing solutions
Agenda Item:
16.2
Document for:
Discussion and Approval
1. Introduction
In RAN Plenary meeting #53, a Rel-11 SI on mobile relay for E-UTRA was approved. One objective of the mobile relay SI is to assess the benefits of mobile relay over existing solutions in fast-moving environments [1]. At the RAN3 #74 meeting, two existing solutions for high speed train scenario were captured in [2]. In addition, a comparison table was also provided in [2]. In this paper, we are going to compare the mobile relay with existing solutions according to the comparison metrics in detail.
2. Discussion
2.1. Solutions for high speed train scenario
The coverage solutions for high speed train scenario are summarized as following:

Solution1: Dedicated deployment. In this solution, UEs in a train are directly served by the base stations deployed along the railways with some deployment optimizations. 
Solution2: L1 repeaters. In this solution, one or more L1 repeaters are deployed on a train, which receives and forwards the radio signal between the UEs in the train and the base stations deployed along the railways. 
Solution3: Mobile relay. In this solution, one or more mobile relays are deployed on a train. Mobile relay receives and forwards the data of L3 between the UEs in the train and the base stations deployed along the railways. 

In our view, dedicated deployment is a basic method to improve the signal quality along the railway. Both L1 repeater and mobile relay are further enhancement solutions for high speed scenario on the top of dedicated deployment. Dedicated deployment is always necessary to ensure the performance of L1 repeater and mobile relay. In other words, dedicated deployment and L1 repeater can complement each other and be used together, similar case between the dedicated deployment and mobile relay. Thus it’s not necessary to compare between mobile relay and dedicated deployment solution.
 L1 repeater and mobile relay are very similar from the perspective of deployment approach to improve the network coverage. Both the L1 repeater and mobile relay are deployed on the train, improving the signaling quality of wireless link between UE and network by reducing Doppler frequency shift, and eliminating penetration loss. Therefore, L1 repeater and mobile relay are two comparable solutions for high speed train scenario. 

Proposal1: Only the L1 repeater is considered while assessing the benefits of mobile relays over existing solutions for high speed train scenario.

2.2. Comparison 

2.2.1 Spectral efficiency

In our view, both the “Type 1a (outband) relay” and “Type 1b (inband without resource separation) relay” defined in TR36.814 [3] can be used as mobile 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 the Type 1a relay case, 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 efficiency of 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. Taking a Type 1a relay deployed on a train with 8 carriages as an 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. In addition, the spectral efficiency of Type 1a relay can also be improved by scheduling signalling reduction. Hence, spectral efficiency of Type 1a relay is lower than L1 repeater, but the difference may be small.
2.2.2 Signalling overhead

Group handover is considered as one of the key features of mobile relay. Through group handover, thousands of individual UE handovers are replaced by a single mobile relay handover on the backhaul link. It is well known that in fast-moving environments, UE handover occurs very frequently in traditional network even with some deployment optimizations. Hence group handover can greatly reduce the signalling overhead. 

L1 repeater can’t provide group handover feature, which leads to more signalling overhead when comparing with mobile relay.
2.2.3 Latency

L1 repeater is characterized by the forwarding of received signal on layer 1. 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. Hence, the extra latency introduced by an L1 repeater is very low and negligible.

Things are different in mobile relay case. There are two types of extra latency introduced by a mobile relay when comparing to L1 repeater solution. The first type of latency is forwarding delay. For mobile relay needs to obtain L3 packets from the received signal before forwarding, the delay between receiving and forwarding is several or even more than ten milliseconds. It should be noted that the same forwarding delay also exists in fixed relay and is considered as acceptable in Rel-10. The second type of latency is routing delay. Taking architecture Alt1 relay case [4] as an example, the Relay PGW/SGW may not be collocated with the serving DeNB. The packet delivered between UE PGW/SGW and mobile relay should be routed through RN PGW/SGW, which introduces some extra routing delay. Considering UE PGW/SGW and Relay PGW/SGW are generally connected through optical fiber, the routing delay may not exceed 10ms. 

2.2.4 Multi-RAT support

One operator may have multiple RATs in operation, hence operator needs to ensure there are responding RATs coverage in the train carriages. 

Generally speaking, a L1 repeater can only forward the radio signal for one RAT. To support Multi-RAT, multiple repeaters, each for one RAT, need to be deployed on a train. Besides, base stations of each RAT along the railways are also needed.
Multi-RAT support is an advantage of mobile relay solution. A Multi-RAT mobile relay can provide multiple RATs service on a train with LTE backhaul, i.e. only LTE infrastructure is needed along the railways.
2.2.5 Doppler Mitigation
Both of mobile relay and advanced L1 repeater can deploy the Doppler frequency correction implementation. But the complexities of the Doppler frequency correction implementations used by mobile relay and advanced L1 repeater are different. For example, when an advanced L1 repeater gets into the overlap area of two neighboring cells, it can receive signal with Doppler frequency shift from both cells. The signal from one cell is with positive Doppler frequency shift and from the other cell is with negative Doppler frequency shift. The advanced L1 repeater needs to correct both the positive and negative Doppler frequency shift. The correction implementation is very complicated, and the effect of Doppler mitigation is not very good. When considering the mobile relay, the situation is much simpler.  The mobile relay never connects to more than one donor cell simultaneously, and only needs to correct the Doppler frequency shift from the serving donor cell. The correction implementation is simple, and the effect of Doppler mitigation is good.
2.2.6 Penetration loss avoidance
Both of mobile relay and advanced L1 repeater can deploy separate inner and outer antennas to overcome the great penetration loss of the train carriages. In this aspect, there is no difference between mobile relay and L1 repeater. 
2.2.7 Handover success rate
On the top of the dedicated network optimizations, L1 repeater can further improve the link quality on UE’s Uu interface, such as relieving Doppler frequency shift and overcoming penetration loss avoidance. The improved link quality does good to improve the UEs’ handover success rate. 

Different with L1 repeater solutions, the UEs served by mobile relay don’t perform handover on Uu interface when the train moving.  Through group handover, thousands of individual UE handovers are replaced by a single mobile relay handover on the backhaul link. In this way, the handover failure caused by signalling congestion is totally avoided. In addition, some enhancements (e.g. higher transmission power, more sensitive receiver, advanced antenna processing) may be deployed to mobile relay, the success rate of group handover is assumed much higher than a normal UE handover. 
2.2.8 Standardization effort and complexity

Although the fixed L1 repeater is widely used, it’s hard to deduce whether mobile L1 repeater requires some extra standardization effort. Maybe some RAN4 effort is needed.
To support mobile relay, some standardization effort is expected. The complexity of mobile relay depends on the mobile relay architecture selected. In our view, among the six architectures captured in [4] Alt1 may require small standardization effort, while the Alt4 requires some more standardization effort, e.g. PDCP/RLC/MAC may be impacted to support the huge number of DRB on Un interface. 
2.2.9 Estimated cost

For L1 repeater can overcome penetration loss, it helps to enlarge single cell’s coverage or reduce eNB’s power consumption. However, considering the cost of repeater deployment, it’s hard to say whether deployment L1 repeater can reduce the CAPEX and OPEX. If several repeaters are deployed in a train to provide Multi-RAT coverage in carriages, the cost will be very high.    
Supporting multiple-RAT on Uu interface is another key feature of mobile relay. With this feature, a mobile relay can provide multiple RATs 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 the other two coverage solutions, in which infrastructures of all of the operating RATs need to be deployed along the railway.
2.2.10 Impact on existing network architecture
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. Taking the architectures discussed in [4] as example, the architecture eAlt2-1 may need no extra enhancement to existing network architecture, the architecture Alt1 causes small impact, e.g. adding a mobility anchor node, to existing network architecture, and Alt4 leads to big impact for it break the fundamental of EPS bearer framework which implies big enhancement to legacy eNB/DeNB is inevitable.
2.2.11 Impact on UE energy consumption
As mentioned in 2.2.6, both mobile relay and L1 repeater can alleviate the 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. 

What’s more, in the 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.

2.2.12 SINR improvement
An 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 a different case for relay. Relay needs to decode the received signal before forwarding the packets. The decoding operation avoids the errors propagate to another link. 

2.2.13 Capacity
In our view, with the same spectrum resource, the system achieving high spectral efficiency can provide high capacity. According to the result of spectral efficiency analyzed in 2.1, the mobile relay provides higher capacity than the L1 repeater. 
2.2.14 Coverage
Both L1 repeater and mobile relay can overcome penetration loss, which help enlarge the cell coverage of the eNBs deployed along the railways. 
Both L1 repeater and mobile relay can improve the coverage quality in the carriages by mitigating Doppler, mobile relay can further improve the SINR.
2.2.15 Security

In our understanding, no extra security requirements are needed by the L1 repeater solution. For mobile relay, whether there are extra security requirements is related the relay architecture selected. In our opinion, the legacy UE AS security and fixed relay security mechanisms may be reused. Further discussion on security requirements is needed.
2.2.16 Backhaul link stability
We believe stable backhaul links are very important for both L1 repeater and mobile relay. It’s reasonable to consider it as a requirement when design the mobile relay, if further enhancement on backhaul link is considered.

3. Summary
The results of the above comparison are summarized in the following table.
Table 1 Comparison between mobile relay and existing solutions
	
	L1 repeaters
	Mobile relay


	Spectral efficiency
	Medium
Channel condition between eNB and UE is improved.
	Type 1b: high

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.

	Signalling overhead
	Medium

	Low

Group mobile replaces individual UE handover procedure.

	Latency
	Low
	Middle

Forward delay between Un and Uu interface(same as Rel-10 relay) and possible routing delay(exists in some relay architectures, e.g. Alt1)  

	Multi-RAT support 
	Base stations of each RAT need to be deployed along the railways.

Multiple repeaters, each for one RAT, need to be deployed on a train.
	Only LTE eNB along railway might be needed.

	Doppler Mitigation
	Support
The correction implementation is very complicated, and the effect of Doppler mitigation is not very good.
	Support
The correction implementation is very simple, and the effect of Doppler mitigation is good.

	Penetration loss avoidance
	Support

Separate inner and outer antennas
	Support

Separate inner and outer antennas

	Handover success rate
	Medium
Channel condition between eNB and UE is improved.
	High

Group mobility avoids possible signal congestion

The link quality of Un and Uu are both good.

	Standardization effort and complexity
	Low or even no impact
Maybe some RAN4 effort is needed
	Some impact

Different mobile relay architectures hold different degree of the node impact, complexity and specification work. For example: Alt1 requires small effort, Alt4 requires big effort, PDCP/RLC/MAC may be impacted to support the huge number of DRB on Un interface.


	Estimated cost
	Medium
	Low

Support multi-RAT

	Impact on existing network architecture 
	No impact
	Different mobile relay architectures hold different degree of the impact. For example: eAlt2-1 may need no extra enhancement to existing network architecture；Alt1 causes small impact, e.g. adding a mobility anchor node；Alt4 leads to big impact for it break the fundamental of EPS bearer framework which implies big enhancement to legacy eNB/DeNB is inevitable.


	Impact on UE energy consumption
	Reduce UE energy consumption by avoiding penetration loss
	Reduce UE energy consumption. by avoiding penetration loss, minimize mobility measurement, reducing handover
times.

	SINR improvement
	No
	Yes

	Capacity
	Medium
	High

	Coverage
	The cell coverage of the eNBs deployed along the railway is big.
The coverage quality in the carriage is medium.
	The cell coverage of the eNBs deployed along the railway big.
The coverage quality in the carriage is high.

	Security
	No impact
	FFS

Whether there are extra security requirements is related the relay architecture selected. Legacy UE AS security and relay security mechanisms maybe reused.

	Backhaul link stability

	-
	FFS

Can be considered as a requirement if further enhancement on backhaul link is considered.


It’s proposed that:

Proposal2: RAN3 to discuss the above table and capture this table into the TR.

A corresponding TP is provided in the following.
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Comparison

Proposed aspects to be compared between mobile relay and existing solutions are listed in table below.
Table 1 Comparison between mobile relay and existing solutions
	
	L1 repeaters
	Mobile relay


	Spectral efficiency
	Medium
Channel condition between eNB and UE is improved.
	Type 1b: high

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.

	Signalling overhead
	Medium

	Low

Group mobile replaces individual UE handover procedure.

	Latency
	Low
	Middle

Forward delay between Un and Uu interface(same as Rel-10 relay) and possible routing delay(exists in some relay architectures, e.g. Alt1)  

	Multi-RAT support 
	Base stations of each RAT need to be deployed along the railways.

Multiple repeaters, each for one RAT, need to be deployed on a train.
	Only LTE eNB along railway might be needed.

	Doppler Mitigation
	Support
The correction implementation is very complicated, and the effect of Doppler mitigation is not very good.
	Support
The correction implementation is very simple, and the effect of Doppler mitigation is good.

	Penetration loss avoidance
	Support

Separate inner and outer antennas
	Support

Separate inner and outer antennas

	Handover success rate
	Medium
Channel condition between eNB and UE is improved.
	High

Group mobility avoids possible signal congestion

The link quality of Un and Uu are both good.

	Standardization effort and complexity
	Low or even no impact
Maybe some RAN4 effort is needed
	Some impact

Different mobile relay architectures hold different degree of the node impact, complexity and specification work. For example: Alt1 requires small effort, Alt4 requires big effort, PDCP/RLC/MAC may be impacted to support the huge number of DRB on Un interface.

	Estimated cost
	Medium
	Low

Support multi-RAT

	Impact on existing network architecture 
	No impact
	Different mobile relay architectures hold different degree of the impact. For example: eAlt2-1 may need no extra enhancement to existing network architecture；Alt1 causes small impact, e.g. adding a mobility anchor node；Alt4 leads to big impact for it break the fundamental of EPS bearer framework which implies big enhancement to legacy eNB/DeNB is inevitable.

	Impact on UE energy consumption
	Reduce UE energy consumption by avoiding penetration loss
	Reduce UE energy consumption. by avoiding penetration loss, minimize mobility measurement, reducing handover
times.

	SINR improvement
	No
	Yes

	Capacity
	Medium
	High

	Coverage
	The cell coverage of the eNBs deployed along the railway is big.
The coverage quality in the carriage is medium.
	The cell coverage of the eNBs deployed along the railway big.
The coverage quality in the carriage is high.

	Security
	No impact
	FFS

Whether there are extra security requirements is related the relay architecture selected. Legacy UE AS security and relay security mechanisms maybe reused.

	Backhaul link stability

	-
	FFS

Can be considered as a requirement if further enhancement on backhaul link is considered.
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