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1 Introduction
This contribution discusses full duplex configuration of Un (donor eNB-RN) link and Uu (RN-rUE) link subframes for Type I relay, in which simultaneous reception and transmission at the relay in Un and Uu links is allowed. Due to concern over self-interference the relay transmitter could cause to its own receiver, TDM resource partitioning between Un and Uu links is assumed in TR 36.814. Under the TDM resource partitioning, both eNB-to-RN link and RN-to-rUE link cannot be active in the same DL subframe. This limits trunking efficiency for data and control transmissions in both Un and Uu links. Likewise, in UL, rUE-to-RN link and RN-to-eNB link can be active only in different UL subframes. However, when the Un and Uu links use different carrier frequencies or inband relay can efficiently isolate and remove the self-interference between the relay transmitter and receiver, full duplex configuration of Un and Uu link subframes can be employed without serious interference issue between Un and Uu links. In subsequent sections, we discuss feasibility of relays supporting the full duplex configuration and its impact on RAN1 specifications.
2 Feasibility of full duplex configuration
In general, following two relaying operations can be considered for the support of full duplex configuration of Un and Uu subframes: 
· Outband relaying
· Non-overlapping frequency resources for Un and Uu links are used, e, g., different carrier frequencies in respective Un and Uu downlinks 

· In-band full duplex relaying
· The relay transmitter and receiver antennas are sufficiently isolated and interference cancellation is applied for the fed-back signal from the relay transmitter
In case of outband relaying, the main prerequisite for well supporting the full duplex partitioning is to have enough frequency separation between respective frequency resources for Un and Uu links. How large separation is needed and whether component carriers belonging to an identical set of aggregated carriers can be used for Un and Uu links are issues which should be studied in RAN4. However, there seems to be almost no performance or feasibility issues from a RAN1 perspective. 
In-band full duplex relaying has more challenges with respect to feasibility. A key question is how efficiently inband relays could isolate and remove self-interference between the relay transmitter and receiver. Below we discuss specific technical issues relating to feasibility of in-band full duplex relaying. Although more thorough investigation is needed, we expect that the technical issues can be resolved in the very near future as the problems are not so serious and the relay system itself has some mechanisms which can help to resolve the challenges and can be inherently set up as discussed below.
Isolation between transmit and receive antennas
For relays deployed in cell edge or coverage-hole areas, it is likely that the signal power received from the donor eNB is much smaller compared to that of the fed-back transmitter signal for rUEs. Thus, unless relays are deployed in areas where the isolation can be naturally provided, e.g., in underground subway stations, inside a building, etc., achieving isolation between the relay transmitter and receiver antennas becomes important to reduce the interference due to the fed-back signal from the relay transmitter. The isolation can be achieved by adopting sector antennas at both transmitter and receiver sides. The achievable isolation can reach a few tens dB without much difficulty. Additional isolation can be provided by placing geographically apart the transmitter and receiver antennas so that additional isolation of a few tens dB can be achieved due to propagation loss, depending on the distance and carrier frequency. 
Cancellation of self-interference
Even with very high level of isolation between transmitter and receiver antennas, the relay receiver needs a self-interference cancellation block as the level of the fed-back transmitter signal is higher than the desired signal received from the donor eNB in many cases. However, cancellation of this self-interference is much easier to realize and can perform much better than in other interference cancellation scenarios, such as for cancellation of interference between different MIMO layers. The following aspects help the receiver achieve excellent self-interference cancellation:

· The relay receiver has complete knowledge of the fed-back interfering signal waveform, as the relay itself decides on the data, MCS, format, etc. of the transmitted signal to the rUEs. 
· All fed-back signals/channels, not only RS, even PDCCH, PDSCH, PCFICH, PHICH, etc., from the relay transmitter can be used for channel estimation

· The propagation channel from the relay transmitter antenna to the relay receiver antenna is static 
Considering these aspects, cancellation of the self-interference at the relay receiver could work very well. One issue which could mostly affect the decoding performance for the desired signal after the interference cancellation is the level of residual interference which was not perfectly cancelled out during the cancellation operation. In cases the fed-back interfering signal is several tens dB higher than the desired signal before the cancellation, the residual interference level could be comparable to that of the desired signal, even when most of the self-interference is cancelled out. 
Impact on RF and baseband front-end

As a high level of the self-interference signal could be fed into the relay receiver from the relay transmitter, there can be concerns over implementation complexity and cost for the receiver RF devices and baseband front-end. This is because the devices may need to comply with higher requirement for dynamic range, EVM, ADC resolution, etc., in order to well recover the desired signal after cancelling out the self-interference. However, it is noted that the propagation channel between the donor eNB and relay is static, and thus there is no dynamic fluctuation of the received signal from the donor eNB due to channel fading, unlike the case for UEs in which the received DL signal can fluctuate a few tens dB due to the channel fading for a given interference level. Therefore, the device requirements for the full duplex relay receiver may not be seriously high and the increase in complexity and cost could be in an acceptable range, especially considering the added capability to support simultaneous reception and transmission at the relay in Un and Uu subframes.
3 Specification impact
The impact on RAN1 specifications due to adopting full duplex relaying in LTE-A is quite minimal and actually no additional specification effort for supporting half-duplex Type I relay is needed. The only specification necessary to allow full duplex relaying in LTE-A is to add the full duplex resource partitioning as one of the configuration options to multiplex Un and Uu subframes. This addition can provide the system with flexibility to further increase trunking efficiency for data and control in both Un and Uu links, as both links can be activated simultaneously. This does not complicate the specification as no specific pattern for partitioning Un and Uu subframes needs to be defined nor signaled, unlike in the half duplex configuration cases.
Whether to use Rel-8 PDxCH or Rel-10 R-PDxCH in the eNB-to-RN link in full duplex relaying cases is FFS. We can consider two alternatives. One alternative is that considering implementation complexity and cost for relays, the spec mandates only a single approach between PDxCH and R-PDxCH to be applied in both half-duplex and full-duplex configurations. As another alternative, both approaches can be supported by the specification and the eNB can configure which partitioning mode to apply, depending on the situation. It is noted that in cases that high layer protocol architecture for supporting relays in LTE-A is designed so that relays can be transparent to the donor eNB and seen as a normal UE, the RAN1 specification might not need to mention anything about LTE PDxCH based backhaul communications and the specification for R-PDxCH based backhaul communications will be sufficient.
4 Conclusion
Full duplex configuration of Un and Uu subframes can increase trunking efficiency significantly for data and control channels in both Un and Uu links compared to the TDM partitioning, as both Un and Uu links can be activated simultaneously. The full duplex configuration can be supported by either outband relay or inband full duplex relay. This contribution addressed key feasibility issues of inband full duplex relay, arising from the self-interference from the relay transmitter to the relay receiver. Considering that the relay has complete knowledge of the fed-back interfering signal waveform and the channel from the relay transmitter antenna to the receiver antenna is static, we expect that the self-interference could be well cancelled out at the receiver with reasonable complexity and cost, with the help of some isolation between the transmitter and receiver antennas. Both outband and inband full duplex relay can be considered as attractive solutions for supporting simultaneous transmission and reception in Un and Uu links. In this perspective, we propose to add full duplex configuration of Un and Uu subframes in LTE-A TR 36.814 and this addition does not require any subsequent RAN1 specification effort.
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