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1   Introduction
In RAN3 #66, the comparison metrics of relay architecture ‎[1] are agreed. Deployment is one of the important factors in the comparison matrix. According to the previous discussion about the relay application scenarios in other WGs, there are several different deployment requirements in different scenarios ‎[2]. 
In this contribution, all the relay architecture alternatives are weighed in the first priority RN application scenarios. Because of the different targets of RN deployment in different scenarios, it’s proposed the “deployment scenario” is added to the consideration of relay architecture comparison. 
2   Application scenarios and RN deployment
In ‎[2], the prioritised scenarios for relay deployments are agreed in RAN1. Four scenarios are prioritised as the first class. 
Table 1: Prioritised scenarios for relay deployments
	Priority
	Scenario
	Mobility
	Targets
	Deployment type
	Antenna Config. 
	RF Power
	Typical # of RNs/cell
	Cost

	1
	Urban Outdoor
	Fixed
	Coverage and Throughput
	Lamp post below  rooftops
	Dual (directional donor, omni coverage)
	Low       (( 1W)
	Low             (e.g. 2-3)
	Low

	
	
	
	
	Lamp post below rooftops
	Single omni
	Low       ((  1W) 
	Medium/high (e.g. 5/10)
	Low

	1
	Urban Indoor
	Fixed
	Coverage and Throughput
	N.A.
	Dual (directional donor, omni coverage)
	Low       (( 1W)
	Medium/high (e.g. 5/10)
	Low

	1
	Suburban Outdoor
	Fixed
	Coverage and Throughput
	Lamp post above  rooftops
	Dual (directional donor, omni coverage)
	Low/Medium (1/5W)
	Medium/high (e.g. 5/10)
	Low/Medium

	1
	Rural Area
	Fixed
	Coverage
	Mast, similar to eNB
	Dual (directional donor, directional coverage)
	Medium (10-20W)
	Low             (e.g. 2-3)
	Medium


According to the deployment targets above, at least two kinds of scenarios exist: 
· The coverage is the main target and the deployment type is similar to the macro eNB (e.g. in rural area,), i.e. a macro station site is needed. 

· The gain in both the coverage and throughput should be achieved in other scenarios and the RN is deployed on the lamp post (in outdoor cases) or femto-like place (in indoor case).
In the following subsections, the characters of scenario and the corresponding RN deployment is analyzed, and the architecture alternatives are compared scenario by scenario.
Proposal 1: RAN WG3 is kindly asked to add the "deployment scenario" into the consideration of relay architecture comparison.
2.1   Outdoor relay
2.1.1   Urban/Suburban Area

The main targets in these scenarios are coverage and throughput, which could be increased by increasing the Macro Site density. However, the grid of Macro Sites is already very dense in urban areas, and it is almost prohibitive from a cost perspective to increase it further. Micro Sites, which could be deployed on street level (e.g. walls, lamp-posts) have the potential to enhance the coverage and throughput with relative throughput. But installing backhaul such as fiber or microwave to lamp-posts is also very challenging and expensive if they are not already present. 
In this case, relaying may lower operator threshold for LTE-roll-out in terms of capacity, coverage and OPEX/CAPEX. A relay actually is ‎[3]:
· Low equipment complexity: The complexity of relays as assumed in this study is very low compared to conventional Macro Sites.

· Small form factor and low weight: Relays are expected to be small and lightweight, enabling easy installation and support of units on lampposts or building walls.
· Low transmission power: The relays used in this study have a maximum transmission power of 30 dBm (1 Watt).
· Low operational costs
Hence one typical character of RN in this scenario is the low equipment complexity and low operational costs. 
As for relay architecture alt1/alt3, from the viewpoint of EPS, the RN is viewed as a separate eNB. All the functionality supported by eNB (i.e. IP/SCTP and IP/UDP/GTP, maybe other protocols to guarantee the TNL QoS such as RSVP), should be supported by the RN. 
As for the alt2/alt4, the RN can be hidden behind the donor eNB. Some functionalities can be simplified and reside in the donor eNB, which helps to reduce the cost. For example, the SCTP, GTP and maybe RSVP won’t run in the relay node, the corresponding hardware and software resource can be saved.
In addition, in alt1, the RN, DeNB and PGW are involved to deploy RN. While in alt2/3/4, the RN and DeNB are involved. 
As for the OPEX, the S1/X2 interface number will have some impact on the operational.
Conclusion 1: For increase the coverage and throughput, especially in urban/suburban area case, the impact on the equipment cost and operational cost should be considered.
2.1.2   Rural Area

The aim of the rural area scenario is to achieve ubiquitous coverage whilst reducing deployment cost with the introduction of relays ‎[3]‎[4]. 

Without high user throughput requirement, the key issue is to cover wide area with low cost. The RN can be used at the initial stages of network deployment. Some eNBs are deployed to provide LTE service. To offer ubiquitous coverage with low deployment cost, the RN can be deployed near the macro cell to offer enlarged coverage. Hence more than two hops relay will be more used in rural area than other scenario.

In ‎[5], how the different architecture alternatives support the multi-hop relay is analyzed. General speaking, to support multi-hop, overhead due to the nested tunneling is one of main problems for alt1. Although Alt 1 could be used in rural area for coverage extension easily without or with little standard impaction, the performance is not good, e.g., overhead in multi-hop and huge latency etc. 

As for alt2/alt3, the location of the PGW of RN is a dilemma. If the PGWs of all the RN are integrated in the donor eNB, the problems will be same as those in alt1 aforementioned. In case of the PGW of RN located in its superordinate RN (in wireless environment), because the MME of RN is located in the wired network, the communication between the two nodes on the IP layer will raise extra problems.
As for alt4, this architecture can be easily extended to multi-hop case with least overhead and latency.

Conclusion 2：To achieve coverage extension, especially in rural area case, good multi-hop supporting is expected.
2.2   Indoor relay

Indoor relays can be seen as femto cells with inband wireless backhaul. Compared to femto-cells, indoor relays thus have the advantage that they do not require any ADSL connection ‎[6]. 
It’s agreed that: compared to outdoor relays, (at least) the following differences can be identified

· Potentially higher number of RNs per cell (several tens, 30-40 RN’s per D-eNB);
(RAN2 chairman notes for R2-097068: Noted; should keep in mind that there could be deployments with e.g. 30-40 RN’s per D-eNB.)

As for relay architecture alt2/alt4, because of the HeNB-GW link functionality in the donor eNB, the S1 interface is divided into two segments: EPS-DeNB and DeNB-RN. It’s easy to support potentially higher number of RNs per cell. But as for alt1/alt3, the S1 interface should be setup between each RN and each MME/GW. Considering the S1 connections towards MME/PGW pool and the X2 connection toward neighbouring eNB/RN, the Un overhead will be significant. With respect to scalability, the alt2/alt4 exceeds alt1/alt3.
Conclusion 3: For indoor relay scenario, S1/X2 scalability should be considered. 
3   Conclusion
In this contribution, the considerations of relay node deployment in the first priority application scenarios of RN are analyzed. It’s proposed that:

Proposal 1: RAN WG3 is kindly asked to add the "deployment scenario" into the consideration of relay architecture comparison.
The contribution analysis on the “deployment scenario” leads to the following conclusions:

Conclusion 1: For increase the coverage and throughput, especially in urban/suburban area case, the impact on the equipment cost and operational cost should be considered.
Conclusion 2：To achieve coverage extension, especially in rural area case, good multi-hop supporting is expected.
Conclusion 3: For indoor relay scenario, S1/X2 scalability should be considered.
Accordingly the corresponding comparison results are show below.

	Scenario
	Main consideration
	Comparison result

	Rural Area
	Multi-hop supporting
	Alt4 > Alt1/Alt2/Alt3

	Urban/Suburban Area
	Low equipment cost and operational cost
	Alt2/Alt4 >Alt1/Alt3

	Indoor
	S1/X2 scalability
	Alt2/Alt4 >Alt1/Alt3


Proposal 2: RAN WG3 is kindly asked to take the scenario table above into account during architecture comparison, and add it into Relay comparison matrix.
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