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1 Introduction

Relaying was studied during the Rel.9 Study Item Further advancements for E-UTRA and it is being specified in the Rel.10 Work Item Relays for LTE. This paper discusses areas for future improvements and proposes a potential way forward on how to structure the work in Rel.11. 
2 Timing of Relay improvement work

Since the core Rel-10 relay work item is expected to be closed earliest in RAN#52 (June 2011), it would appear that the proper time to initiate Rel-11 enhancements would be in RAN#52.
3 Potential improvements areas
As of today, relays have not been deployed in commercial LTE networks, so actual market requirements indicating further optimizations are unknown. Nevertheless, some areas of potential interest have been identified and are being discussed in the following.
3.1 Improved backhaul performance

3.1.1 Carrier aggregation

Carrier aggregation (CA) can increase average and peak data rates. Especially relays, which do not have restrictive power constraints (they are not battery powered) will benefit from that feature. Relaying in Rel.10 does not consider CA, however, in principle CA is possible on the backhaul. Nevertheless, there are areas for optimization.
3.1.2 MIMO

Single user (SU-) MIMO can increase average and peak data rates, multi-user (MU-) MIMO can increase system capacity. Especially stationary relay nodes, which might have advanced antenna systems will benefit from MIMO. Although relaying in Rel.10 has not been optimized for MIMO, MIMO can be applied to the backhaul. Nevertheless, it is worthwhile to study potential optimizations.
3.2 High speed public transportation
There is an increasing desire to use mobile broadband on public transportation especially on high speed trains. Providing high quality of service in fast moving environments is challenging due to challenging radio conditions (Doppler shift, Doppler spread and fast fluctuating radio channel) as well as high and bursty signaling load (frequent handovers of large groups of UEs). One proposal to address these issues is to specify and deploy mobile relays. However, a number of other options may also be used to mitigate these issues (some of these are also available for deployment today).
3.2.1 Mobile relays

Mobile relays, which are mounted on the vehicle, may avoid the high and bursty signaling load by performing group mobility instead of individual mobility procedures for every UE. Mobile relays may be capable of complex signal processing and they might be equipped with advanced antenna systems. Hence their spectral efficiency is superior to that of a normal UE. Separate antennas for the backhaul and the access link can mitigate the wall or window penetration loss. The current Rel-10 specifications support only stationary relay nodes and supporting mobile relay nodes will most probably require major changes to the current architecture.
3.2.2 Alternative solutions
A number of alternative solutions to address the issues of high speed public transportation may be used:

· Specific network planning (including heterogeneous deployments)

· L1 repeaters

· Physical layer optimizations

Network planning can be adapted for train coverage. The added eNBs will also improve general network performance, around the tracks, a very desirable effect especially in urban areas. A special type of deployment incorporates transmission points with high and low power, also known as heterogeneous networks (hetNet). When targeting fast-moving vehicles, it seems appealing to deploy high power nodes for wide coverage in conjunction with low power nodes for capacity. 
L1 repeaters amplify and forward signals of a certain frequency band. If the Tx and the Rx antennas are sufficiently isolated, e.g. outside and inside the train, on-frequency repeaters can transmit the amplified signal on the same frequency as the received signal. Like relays, they can mitigate the wall or window penetration loss. L1 repeaters are transparent and do not have an impact on radio interface standards. L1 repeaters are available for FDD and TDD.

It may also be possible to optimize the physical layer for very high speed, thereby improving performance for fast-moving UEs. Any type of mobile relay node as well as L1 repeaters, as discussed above, would also benefit from such enhancements. The physical layer might be enhanced by techniques that can improve performance under the constraint of larger Doppler shift, wide Doppler spread and fast varying radio channels. Note that specific eNB/UE implementations that overcome impairments caused by fast-moving UEs already exist. 

4 Proposed way forward 
Improving the backhaul of relay-enhanced systems is an important objective, since the backhaul is most probably the bottleneck in relay deployments. From Rel.10 onwards, relay nodes are a regular part of the 3GPP RAN, so all future work and study items (WI/SI) could consider relays in the same way as they consider other nodes such as eNBs and UEs. This leads to alternative ways forward for the relay enhancements: either the backhaul improvements can be included in work items enhancing MIMO and Carrier Aggregation or alternatively a separate Relay work item could be created. Given that currently only a limited number of backhaul enhancements are envisioned, we would recommend to include backhaul enhancements in Rel-11 CA and MIMO work items
We recommend that potential Rel.11 study and work items on CA and MIMO should consider the backhaul link as one scenario. 
Providing mobile broadband in high-speed public transportation is also an interesting scenario to study. However, in our understanding mobile relaying is only one out of several potential solutions and it is currently unclear which solution suits best. 

We recommend having a study item on UEs in fast moving vehicles, which studies all potential solutions (including mobile relays) and which finally recommends a potential way forward.
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