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1   Introduction
We believe that indoor relays may become a key use case for relays. This contribution describes the deployment scenarios of interest for indoor relays, and presents their expected benefits. In addition, we identify potential impacts on the system design in order to ensure that the relaying functionality of LTE-Advanced will also enable indoor relays. 
An initial version of this contribution was presented in RAN1#58bis [1] and the following was captured in the chairman's notes: RAN1 notes the recommendation that indoor relays are taken into account during the ongoing studies on relaying. It was also commented that a similar contribution should be presented in RAN2 and RAN3.
2   Indoor relays

Indoor relays refer to relay nodes (RNs) placed inside a building in order to provide enhanced indoor coverage [2]. With this respect, 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, nor wired network infrastructure to provide the backhaul access. The latter is key to provide enhanced indoor service to e.g. subscribers having only a mobile subscription, or in emerging countries. The expected benefits of indoor relays will be detailed in section 2. 
In terms of application use case, indoor relays are similar to femto cells, i.e. we can distinguish two usages, as illustrated in figure 1:

· Domestic usage: the RN serves a flat or a house. Only a small number of UEs need to be supported by the RN (typically up to 4)

· Corporate usage: in that case the indoor relay serves e.g. a floor of an office building, or a shopping mall. A large number of UEs (typically up to 30) should be able to be supported by the RN.
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Figure 1: Examples of domestic and corporate indoor relay usages (source [2]).
In order for the RN to provide benefits compared to a direct macro-UE link, the RN donor antenna needs to be placed in a location where a good backhaul link can be achieved (note this is an important difference compared to femto cells, which do not have any location constraint).Several RN packaging configurations are possible, e.g.:
· The RN can be made up from two distinct modules: a donor module being placed e.g. close to a window and a coverage module being placed where coverage is needed, e.g. in the centre of a house. Both modules can be connected in a wireless way, using an outband connection (e.g. unlicensed 5 GHz band). The installation could then be easily carried out by the end user.
· The relay donor antenna can be placed above the clutter height, on the roof of a building, for instance. Some engineering may then be needed to position the antenna and cables. This configuration is mostly considered for a corporate usage, where a good backhaul link is needed to fulfil the capacity needs of a fairly large number of UEs. 
The following deployment scenarios are expected to be of particular interest for indoor RNs when no backhaul is available:

· Suburban/rural environment with scattered houses, where a prohibitively large number of outdoor relays would be needed to provide an equivalent coverage.

· High-rise buildings, where high floors are in LOS from both the serving and the interfering eNBs, thus leading to low-quality channel conditions. A RN equipped with a directive antenna pointing toward the donor eNB could provide significant performance enhancements.

At last, indoor RNs may or may not utilize the closed subscriber group (CSG) feature, as femto cells do. This point is not clear at the moment, and we welcome the views of other companies on it.
3   Expected benefits 

Indoor relays are anticipated to be an economic and convenient way to deliver indoor coverage, because they are 

· low-cost , due to the low power and the self-backhauling capability;
· easy and quick to install due to the self-backhauling capability (no need to install cables, except when the donor antenna needs to be installed above clutter height);
· able to be operated without and ADSL subscription, or in environments with no wired infrastructure (e.g. developing countries). This property provides indoor relays with a distinctive advantage over femto cells;
· controlled by the eNodeB, which is far more efficient than the indoor L1 repeaters are today. In particular, this feature allows the network to be aware of any malfunction of the RN without separate Operation & Maintenance functionality. 
In terms of performance compared to macro/micro coverage only, indoor relays 

· would provide enhanced throughputs or even service to indoor users in low coverage areas (e.g. deep indoor, or in buildings far from the donor eNB) , similarly to a femto eNB;
· would offload the donor macro cell, thus providing better capacity to the macro network. Indeed, the UEs served by an indoor RN would be served otherwise by the macro network. Since the backhaul link is expected to have a higher quality than the direct link, the indoor RN would need less resources from the macro cell than the indoor UEs would, thus increasing the macro cell capacity as well.
4   Potential impacts on the system design
Compared to outdoor relays, (at least) the following differences can be identified

· Potentially higher number of RNs per cell (several tens, up to 100);
· Interference situation similar to femto-cells (CSG or OSG).
The needed capability to support a high number of RNs per cell may impact 

· The relay architecture choice being discussed in RAN2 and RAN3;
· Higher-layer signalling overheads, especially in case an X2 bakhaul link would be defined to enable interference coordination between the donor eNB and RNs [3][4], to carry e.g. OI, HII, RNTP indicators [5]. 
Proposal 1: RAN WG2 is kindly asked to consider the maximum number of relay nodes (RNs) supported by a donor eNB as a comparison criterion of the architectures foreseen for the relays.
Indoor RNs may also create the same interference situation as femto cells, i.e.:

· Indoor RN- indoor RN interference;
· Donor eNB – indoor RN interference, especially in the case the indoor RN would support the CSG functionality.
The difference with femto cells is that that the built-in wireless connection of the RN with the donor macro eNB may allow new interference coordination mechanisms to be designed. 
Note that there may be additional impacts on the system design, which have not been identified so far.
5   Conclusion
This contribution has presented the use case of indoor relays, and detailed the benefits of such solution to improve indoor coverage when no backhaul access is present. The following potential impacts on the system design have been identified, without presuming of other possible impacts:
· relay architecture choice; 

· design of new interference coordination mechanisms to deal with RN-RN and RN-Donor eNB interference. 
We believe that indoor relays may become a key use case for relays. Therefore, we think that the support of indoor relays should be considered in the development of the relaying functionality of LTE-Advanced. The feasibility of indoor relays should be studied, in particular with respect to the potentially high number of relay nodes per cell that would need to be supported. If found feasible, indoor relays should be preferably supported in Rel-10. At least the decisions made on the relaying functionality for Rel-10 should not jeopardize the support of indoor relays in future releases.
Proposal 1: RAN WG2 is kindly asked to consider the maximum number of relay nodes (RNs) supported by a donor eNB as a comparison criterion of the architectures foreseen for the relays.
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