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1. Introduction

Repeaters/relays is one class of functionality considered for LTE-Advanced. In this paper, some aspects of relaying and their implication to backwards compatibility are discussed.

2. Relaying and Self-backhauling

There are, conceptually, two different approaches to wireless relaying, the repeater/relay approach and self-backhauling.

2.1. The repeater/relay approach (a.k.a. L1/L2 relaying)

A repeater/relay approach, sometimes also referred to as layer-1 (L1) and layer-2 (L2) relaying respectively, is used to create additional coverage (extended coverage area or extended data rates) within an already existing cell, see Figure 1. Thus the repeater/relay does not create any new cells. It should be noted that this does not imply that the repeater/relay cannot be detectable and/or measurable by UEs. However, it does imply that, if the repeater/relay should be detectable and/or measurable by UEs, it would, from a UE point-of-view, appear as a new type of node.
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Figure 1 Repeater/relay approach to wireless “relaying”

2.2. Self-backhauling (a.k.a. L3 relaying)

Self-backhauling in the context of LTE/LTE-Advanced implies that the backhaul to an eNB controlling one or multiple cells is provided wirelessly from another cell. As illustrated in Figure 2, the self-backhauled eNB is thus connected to the remaining RAN (as well as the core network) via the self-backhauling link provided by the donor cell. 

One difference between the self-backhauling approach and the repeater/relay approaches of Section ‎2.1 is that, in the case of self-backhauling, new cells are created. To a UE, these cells will appear just as any other cells. This also means that, in case of self-backhauling, there is no new kind of node being defined, at least not from a UE point-of-view. Obviously, the actual implementation in of the self-backhauled eNB can be different from the donor eNB in terms of physical size, output power, etc.
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Figure 2 Self-backhauling approach to wireless “relaying”

Obviously, wireless backhaul has been used in many years and connecting base stations to the rest of the radio-access network via wireless radio links is common in many deployments. A relevant question is thus, what the exact definition of self-backhauling is and how it differs from general wireless backhauling. The following could be a suitable, although still admittedly slightly vague definition of self-backhauling

· It should be possible to operate the self-backhauling link in the same spectrum as the network-to-UE links within the self-backhauled cell as well as within the donor cell itself.  

· The radio-access technology used on the self-backhauled link should be based on the LTE/LTE-Advanced radio access
. 

3. Different types of repeaters/relays

Focusing on repeaters/relays, different types can be identified as discussed below.

3.1. Repeater (layer-1 relay)

A repeater, or layer-1 relay, is carries out “amplify-and-forward”, i.e. does not carry out any decode/re-encode processing. Based on this, a repeater has certain obvious benefits

· Very little delay (typically a fraction of a (s), where the delay is mainly due to filtering carried out within the repeater. 

· Possibility for operation without any “duplex” loss, i.e. it may be possible to operate the cell-to-repeater and repeater-to-UE links simultaneously on the same frequency (on-frequency repetition). This is possible due to the low latency which is significantly less than the length of the cyclic prefix. 

The drawback with a repeater is that, due to the absence of decoding/re-encoding, the SINR cannot be improved from the repeater input to repeater output, i.e., the SINR at the input to the repeater is an upper limit on the SINR experienced by the UE.

3.2. “Advanced repeater” (“smart repeater”)

The term “advanced repeater” (sometimes also “smart repeater”) can mean many things including. Related to the radio-interface specification, we believe that two features to be considered as “advanced” repeater functionality is 

· Possibility for power control, limiting any unnecessary interference caused by the repeater.

· Possibility for time/frequency-selective repetition, limiting the unnecessary interference caused by the repeater, allowing for more efficient utilization of the available repeater power, and reducing the repeater power consumption, 

3.3. Layer-2 relay

In contrast to a repeater, a layer 2-relay carries out a decode/re-encode operation as part of the relaying operation. Due to this, a relay

· implies a substantial delay (at least more than a TTI, typically a couple of ms)

· a duplex loss due to the fact that the cell-to-relay and relay-to-UE links cannot operate simultaneously on the same frequency 

· a possibility for an input/output SINR improvement.

It should be noted that the characterization “L2 relay” does not specify in details how (where in the protocol stack) the relaying is being done. 

· Forwarding/relaying can be done on MAC PDUs, implying e.g. that the HARQ protocol is operating end-to-end

· Forwarding/relaying can be done on RLC PDUs, implying that two HARQ protocols are operating in cascade (one on the cell-relay link and one on the relay-UE link)

· Forwarding/relaying can be done on PDCP PDUs, i.e. above the RLC protocol.

It is also, at this stage, not clear to what extent an L2 relay can carry out scheduling independent from the scheduler of the eNB of the cell to which the relay belongs. Furthermore, it is worth noting that layer-2 relaying may require definition of new mobility mechanisms for handover to/from a relay.

It should be noted that for the self-backhauling approach, the answers to all these questions are obvious, as the self-backhauled eNB per definition has full eNB functionality. This implies that the self-backhauling is significantly simpler to introduce compared to layer-2 relaying, at least from a specification point-of-view.

4. Backwards compatibility considerations

Backwards compatibility is, in general, a strong requirement for the LTE evolution towards LTE-Advanced. One aspect of this is that an LTE Rel-8 UE should be able to access a cell that provides LTE-Advanced functionality.  

In the context of relaying functionality, there are two aspects of backwards compatibility:

· LTE Rel-8 UEs should be able to access the network via a cell in which a relay is operating. We believe this to be an obvious requirement.

· LTE Rel-8 UEs should be able to access the network via the relay. This is not an obvious requirement. However, it is clearly a desirable property.

In terms of the second aspect of backwards compatibility we believe the situation is as follows:

· Simple transparent repeater (Layer 1 relay)
A transparent repeater is obviously compatible with Rel-8, i.e. accessible to Rel-8 UEs (in principle the repeater can be accessible to any radio access technology within its band of operation).
· Advanced repeater (Layer 1 relay)
As described above, “Advanced repeater” can mean different things. Here we focus on power control and time/frequency selectivity (as the other potential characteristics of an “advanced” repeater” do obviously not impact any compatibility).
· Layer 2 relay
Due to the latency of the L2 relay it is difficult to see how an L2 relay could be transparent to LTE Rel-8 UEs. Thus our current conclusion is that an L2 relay cannot be made backwards compatible.
· Self-backhauling
As the self-backhauled cell will appear as any other LTE-Advanced cell, it is clearly backwards compatible.
5. Conclusions

There are two basic approaches to wireless relaying

· Repeater/relay approach providing improved coverage within existing cells thus also, potentially (if the repeater/relay is to be detectable/measurable) implying the introduction of new types of nodes

· Self-backhauling creating new cells that are wirelessly back-hauled from a donor cell. The self-backhauled cells appear, to a UE, as any other cell, i.e. no new types of nodes are created.

In a comparison between repeaters and (layer 2) relays we believe repeaters have a benefit in terms of

· Reduced latency

· Possibility to avoid duplex loss

Furthermore, we believe that advanced repeater functionality such as repeater power control and time/frequency-selective repetition should be studied. 

In terms of backwards compatibility, L1 repeaters and self-backhauling can provide backwards compatibility, implying that the repeater or the self-backhauled cells are accessible also for Rel-8 UEs. It is not clear that such backwards compatibility is possible with L2 relaying.

Based on this we recommend that the 3GPP studies on relaying functionality should focus on layer-1 relays (possibly with advanced functionality such as power control and time/frequency-selective repetition) and self-backhauling (L3 relays). 

� We intentionally write ”based on” to indicate that we do not role out introducing specific features targeting the self-backhaul application. However, the basic assumption is that there is maximum commonality with the radio-access used for the cell-UE links.
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