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1 Introduction

Reference [1] proposes a single-transceiver relay design whose intention is to reduce hardware costs. On the downside the single-transceiver relay can only transmit on one link at a time, either Un or Uu, and it can only receive on one link at a time, either Un or Uu. This restriction reduces the number of usable symbols on Un and it further restricts the Un HARQ timing. 
This contribution further discusses the single-transceiver relay design. 
2 Background 
Reference [1] shows a RN architecture, which is not required to simultaneously transmit and receive. In this case the relay is required to have only one chain for transmission and one for reception, see Figure 2. 

[image: image1]
Figure 2 - Low Cost Relay: An illustration of RN architecture with single antenna where RN cannot Tx and Rx concurrently.  In this picture the backhaul reception and transmission at the RN are illustrated (access links are disabled). When access link is active, backhaul is disabled. [1]
3 Discussion
3.1 Feasibility of the single transceiver relay design
3.1.1 Duplexer
A duplexer (duplex filter) transfers the Rx signal on the Rx frequency band from the antenna-port to the Rx-port and it transfers the Tx signal on the Tx frequency band from the Tx-port to the antenna-port. Tx-port and Rx-port are isolated. But the duplexer in Figure 1 has to transfer signals on both, Rx and Tx frequency bands, from the antenna-port to the Rx-port. At the same time it has to transfer signals on both, Rx and Tx frequency bands, from the Tx-port to the antenna-port. Finally it has to isolate Tx-port and Rx-port. 
A regular duplexer cannot operate like that. A circulator can, but such a device provides less isolation than a duplex filter and it is more expensive. Alternatively the duplexer could be connected by a switching network. Such a switching network would jeopardize the high isolation provided by the duplexer. 
3.1.2 Local oscillator
Local oscillators (LO) are used to up-convert the Tx signal to the Tx carrier frequency in the Tx-chain and to down-convert the Rx signal from the Rx carrier frequency in the Rx chain. The single-transceiver design has a single LO in the Tx chain (and in the Rx chain) that needs to switch carrier frequencies from subframe to subframe. Typically, the time for re-tuning the LO frequencies is in the order of 100 µs. So 1-2 symbols will be lost each time the RN transits from Uu to Un subframes. 
An alternative solution is to have one UL synthesizer and one DL synthesizer running continuously without the need for re-tuning. But, the necessary de-coupling of two LO systems in one Tx chain (and Rx chain) requires additional effort and additional costs.
3.1.3 RF requirements

The relay can be seen as a hybrid; it operates as eNB on the Uu link and as UE on the Un link. Hence it is likely that a relay has to fulfill 3GPP RF-, regulatory-, and co-existence requirements of both, eNB and UE. In general, eNB requirements are more stringent than UE requirements. It is currently unclear if a relay build according to the single-transceiver design can fulfill, e.g., absolute requirements such as emission masks and spurious emission in the receive band or relative requirements such as ACLR. 

3.2 Impact of the single transceiver relay design
3.2.1 Unusable symbols

Reference [1] already discusses the drawbacks of the single transceiver relay design. Depending on the size of the L1/L2 control region in MBSFN subframes 1 or 2 symbols are unusable. In addition, some symbols are unusable depending on the eNB-RN signal propagation delay. Depending on the capability to switch between different carrier frequencies, as discussed in section 3.1.2, 1-2 additional symbols are unusable. 
Reference [1] states that typically 3 out of 13 potential UL Un symbols are unusable, which is already a loss of 23%. 
3.2.2 HARQ timing

The access link HARQ timing in cells operated by relays has to fit into Uu subframes. The backhaul link HARQ timing has to fit into Un subframes. In addition, the access link HARQ timing in cells operated by the donor eNB should not be affected by relay nodes. These are already tight requirements, which the Un subframe allocation and the Un HARQ timing schemes can only fulfill by compromising performance. Adding more requirements, e.g., Un DL and Un UL subframes have to occur at the same time, inevitably lead to even more compromises on performance, even for 2-transceiver relays. 
4 Summary & Conclusion 
It is a valuable approach to target a low cost relay design. However, based on the discussion above, it seems questionable if the single-transceiver design as shown in [1] is feasible. The effort to make it feasible results in a more complex design and higher costs. Finally, the cost difference between a relay-specific single-transceiver design and a 2-transceiver design with off-the-shelf components seems to be minor, if there is a difference at all. 
On the downside, there is a loss in system performance. Quite a lot of Un symbols are unusable and HARQ performance is affected. 

We propose to support relay functionality for a single-transceiver design, if it does not penalizes the regular 2-transceiver relay performance, e.g., UL timing case 4. However, we propose not to support functionality, which penalizes the performance of regular 2-transceiver relays, e.g., special HARQ timings. This proposal is inline with the preferences collected in [2]. 
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