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1
Introduction
Relays are considered to be a key enabler for coverage and capacity enhancements in LTE-A. We classified and compared different types of relay designs in [1], and concluded with the following design preferences for LTE-A relays:

1. L3 relays are preferred to the different categories of L1/L2 relays. An L3 relay appears as a separate eNB to the UE. It has a separate Physical Cell ID (PCI), transmits its own synchronization and reference signals and carries out its own scheduling decisions and transmits/receives control (PCFICH/PHICH/PDCCH/PUCCH) and data (PDSCH/PUSCH) channels in accordance with these scheduling decisions. 

2. TDD partitioning between the backhaul (eNB <-> relay node) and access (relay node <-> UE) hops is preferable to SDD partitioning. In other words, a relay node partitions each band (DL/UL) in time between the backhaul and the access links.
In this contribution, we discuss the specification impact of such a relay design. Since such a relay design requires time-partitioning between access and backhaul links, we need to configure periods of time during which an LTE Rel8 UE does not expect any transmission from the relay node. In the absence of blank subframes on the LTE DL [2], we assume that the MBSFN feature is used to configure “almost-blank” subframes [2, 3] in which the relay node is only expected to transmit on one or two OFDM symbols.
2 
Specification Impact

The primary specification impact of relays is that the backhaul link, i.e., the link between the relay node and the eNB, needs to be specified. In the absence of blank subframes, the relay has to transmit some OFDM symbols even in a backhaul subframe. As a result of this constraint, the backhaul link design is necessarily somewhat different from the access link design. 

One of the important advantages of an L3 relay is that it is backward compatible, i.e., it seamlessly supports Rel 8 UEs. By definition, this means that we are not required to specify any changes for the access link. Some additional functionality on this link for LTE-A UEs may however be beneficial in order to optimize LTE-A performance in a relay deployment.
2.1
Synchronization Signals

Synchronization signals transmitted by the relay node are the same as LTE Rel 8 due to the backward compatibility constraint. If the relay node uses the same timing as the eNB, it transmits synchronization signals at the same time as its serving eNB. As a result, the relay node will not be able to receive the synchronization signal from its serving eNB and will be unable to track its environment. Note that the relay node needs to track its channel environment only at a very slow time-scale since it is not expected to be mobile. We can consider the following options for enabling the relay node to monitor its environment and track the signal from its serving eNB: 
1) The relay node periodically blanks the transmission of its own synchronization signals and system information. The impact on Rel 8 UEs connected to the relay node should be similar to that of a deep fade in the relay node’s signal. 
2) The relay node uses a subframe numbering which is offset from that of its serving eNB. For example, subframe 0 of the eNB could coincide with subframe 1 of the relay node. The relay node could then monitor the eNB’s signal by not scheduling any UEs on subframe 1. Such a solution is however not scalable if a relay node needs to monitor other relays in its neighbourhood so as to detect interference scenarios. This is particularly important if we allow more than 2 hops in the system, since in this case the relay node will have to consider other relay nodes as potential serving eNBs.
3) Design a new synchronization signal for the backhaul link. This could be similar to existing synchronization signal but would have to be transmitted on backhaul subframes of the relay node. Such signals could be transmitted at low periodicity in order to keep the overhead low.

2.2 DL Control Channels

In the absence of blank subframes [2] on the LTE Rel 8 DL, a relay node is forced to transmit on the first one or two OFDM symbols of a subframe. As a result, it cannot demodulate PCFICH/PDCCH/PHICH transmitted by the eNB which therefore forces us to introduce a new control channel design for the backhaul link. RAN1 has earlier discussed the option of introducing a shift of two OFDM symbols between eNB and relay transmission in order to enable the relay to monitor control channels from the eNB. As discussed in [2], we do not feel this is a viable option for the following reasons: 

1) The PDCCH transmission of the eNB now collides with the PDSCH transmission of the relay node, i.e., the relay node will be forced not to transmit some PDSCH symbols to the UEs it is serving. The impact on Rel 8 UEs cannot be predicted in such a scenario. 

2) Further, LTE Rel 8 uses multiplexing in time for cases when more than one code block is transmitted in a subframe, i.e., a single code block will be confined to only a few OFDM symbols. The loss of one or two OFDM symbols in such cases will almost certainly result in a code block error, which implies a NACK for the HARQ transmission.

3) Similar problems to the above are seen on the UL as well, i.e., either the relay node will not be able to listen to some of the OFDM symbols transmitted by the UE or the relay node will have to blank some of its own OFDM symbols. This will lead to packet errors if the coding and code block multiplexing schemes used are similar to LTE Rel 8.

4)  The time-offset between the eNB and the relay node makes any interference coordination between the relay node and the eNB very difficult, since UEs served by the relay node now see interference even from the adjacent subframe transmitted by the eNB. Simulation results in [4] show that there is substantial capacity gain to be had from interference coordination between the relay node and the eNB.
As a result of the above considerations, we assume that the same subframe timing is used by the relay node and the eNB. In that case, we can consider the following options for control channel transmission from the eNB to the relay node: 

1) The eNB to relay control channel transmission uses a design similar to LTE Rel8, but with a symbol offset, i.e., the control channel occupies symbols k, k+1 and k+2 in the subframe with k > 2. This option is problematic with respect to the macro eNB serving other UEs (potentially Rel 8 UEs) in the same subframe. 

2) The eNB to relay control channel is confined to a few RBs of the subframe. Multiplexing of PDCCH and PHICH within these RBs will have to be studied. This option can seamlessly allow other UEs to be served on other RBs. 
In both of the above options, impact on processing time at the relay node will have to be studied, since control channel demodulation will be delayed with respect to LTE Rel 8. However, the reduced processing time may be tolerable if we assume that the relay has increased processing power compared to a UE. 
2.3 
UL Control Channels
As opposed to DL control channels, UL control channels are limited to a few subframes which can be configured by the network. As a result, it is possible for the network to ensure that UL control channels on the access and backhaul links are confined to separate subframes. Therefore, much of the basic LTE Rel 8 design may be used for the backhaul UL. 
2.4
Interference Management

Different interference scenarios that occur in relay deployments have been described in [5]. These scenarios occur both due to relay-macro interference and relay-relay interference. It has been shown in [4] that interference management between the relay node and the macro eNB can be instrumental in achieving significant capacity gains. Further, it has been shown in [6] that low-latency interference coordination is crucial in delivering a good user experience. Such interference coordination may be carried out over the air or over the backhaul if a sufficiently fast backhaul is available. 

A relay node, however, does not have a wired backhaul connection, and interference coordination in the case of a relay node should take this into account. We can consider the following options for interference coordination with relay nodes: 
1) Define an X2 interface on the over-the-air link between the macro eNB and the relay node. Both overhead and latency need to be taken into account for this option.

2) Use over-the-air interference coordination between the relay node and other eNBs. An example procedure for such coordination is described in [7]. 

Note that these options apply even to the existing ICIC coordination techniques defined in LTE Rel 8.

3 Conclusion

In this contribution, we have discussed the RAN1 specification changes needed to implement relay operation in LTE-A. We have discussed possible changes to synchronization signals as well as DL and UL control channels in order to implement basic scheduling functionality. We have also discussed options for implementing interference coordination between the relay node and other eNBs in the deployment. 
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