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1. Introduction

In RAN1#56 meeting in Athens, it was agreed that at least “Type 1” relay nodes are a part of LTE-A (latest 36.814 approved as R1-091125). A Type 1 relay node (RN) operates inband and appears as a regular eNB (with its own distinct PCID) to a Rel-8 UE. In the Athens meeting, RAN1 also discussed proposals to enable the backhaul (eNB(RN) and access (RN(UE) links, including the use of MBSFN subframes to create transmission gaps in the RN(UE link to enable the eNB(RN link with the RN(eNB transmissions being facilitated by not allowing any UE(RN transmissions in some subframes. The document discusses the various aspects that need further consideration. 
2. Backhaul Aspects
The quality of the link between RN and the eNB (backhaul) significantly impacts the system performance. A companion document [3] on relay system evaluations shows that the performance gains with relays reduces considerably when the backhaul quality degrades (e.g., supporting a spectral efficiency of 5.4 bps/Hz to 3.6 bps/Hz). This is due to the fact that the backhaul link becomes the bottleneck in such cases. Thus, relays that are dropped in poor geometries (donor cell to the RN) may not be very effective and some system planning is anticipated to accompany relay deployment to ensure a reasonable backhaul link. 
In R1-084206 (and also R1-084473), an UL/DL band-swapping was proposed for backhauling, where both uplink and downlink backhauling is supported via the uplink band. The issues with band-swapping were discussed in R1-090797 wherein considering the co-channel interference and macro-cell efficiency issues, it is concluded that the conventional TDM Relay operation via MBSFN signaling with the eNB→RN transmission in DL band and RN→eNB in UL band is a good option. Using this approach, some specifics of the downlink and uplink backhaul are discussed below. An accompanying contribution [1] describes some examples of setting the downlink and uplink backhaul.
2.1. DL backhaul
In FDD and several TDD configurations, the eNB(RN downlink can be enabled by creating transmission gaps in the RN(UE downlink using the MBSFN subframe signaling on the RN(UE downlink. Per Rel-8 specification, some subframes cannot be labeled as MBSFN subframe (subframes #0, 4, 5, 9 (in FDD) and #0, 1, 5, 6 (in TDD)). Thus, for eNB(RN backhaul, the following choices are available.

· In FDD, up to six DL subframes (#1, 2, 3, 6, 7, 8) in a Radio Frame are available. 
· In TDD, the number of DL subframes available depends on the UL/DL configuration. For instance, in TDD configuration 0, there are no DL subframes available; however, the special subframe (#1) can be configured suitably to enable the backhaul.  Therefore, the DL subframes and special subframes can be used to support the backhaul. 
An RN cannot typically listen to the PDCCH from the eNB as it would be transmitting its own PDCCH to the UEs served by it (assuming the RN downlink and eNB downlinks are aligned at OFDM symbol-level). Therefore, the eNB→RN control and data has to be transmitted over the conventional PDSCH region of the eNB downlink subframe. Thus, it is possible to FDM the eNB→UE and eNB→RN links in the PDSCH region of the eNB downlink, thus enabling a flexible backhaul design. The RN can blindly decode the DL resources allocated to it by scanning a RN-specific and RN-common search-spaces similar to Rel-8.
2.2. UL backhaul
In the uplink, the RN(eNB uplink can be facilitated by not scheduling any UE(RN transmissions in some uplink subframes although it may not be possible to over-ride pre-configured PUCCH transmissions from the UE.  In that case, the RN can ignore any UE PUCCH transmissions when RN is transmitting on the UL to eNB. As described in [1], the uplink-downlink subframe relationship in the backhaul can be similar to Rel-8 (i.e. in FDD, for a downlink transmission from eNB to RN in subframe n, the UL ACK from RN to eNB is transmitted in uplink subframe n+4).  This mechanism has the least impact on the uplink HARQ processes of the UEs served by the RNs. However, other uplink-downlink subframe relationships can also be considered, especially if reduced latency is desired on the backhaul link, for example, for a downlink transmission from eNB to RN in subframe n, the UL ACK from RN to eNB is transmitted in uplink subframe n+x. 
In the TDD mode, for certain DL/UL configurations, the uplink subframes for the uplink backhaul may be scarce or not available at all. For example in DL/UL configuration 5 (in a RN cell), since the RN has only one uplink subframe, it means the RN can transmit to the eNB , thereby causing severe DL throughput loss  (on the RN to UE link) because of the loss of the uplink ACKs sent by the UE to the RN. Similar problems to the different ACK timing may be encountered in other DL/UL configurations, which however can be resolved via proper scheduling. Thus [2] proposed to use a different DL/UL configuration in the RN cell compared to the DL/UL configuration in the eNB, so that a DL subframe (D) in the RN cell corresponds to a uplink subframe (U) in the eNB – in this case the RN uses MBSFN to create a transmission gap and communicate with the eNB on the uplink. However, it is noted that the special subframes with suitable (DwPTS/GP/UpPTS) configuration can be used effectively to provide transmission gaps for uplink and downlink configurations, especially for configurations like 0 and 5. Special subframe has the least impact on the downlink/uplink HARQ on the access link as well. 
While it is possible to make the relay DL/UL configuration-dependent feature in TDD system (e.g. no relay support in configuration 0 as some companies mentioned on the email reflector), it is noted that all configurations can potentially support relays (albeit with different backhaul capacities) via MBSFN-based DL subframes and properly configured special subframes and uplink subframes. 
The RN can transmit the uplink control information in the usual PUCCH region to the eNB with some potential for optimization. Since the RN cannot transmit and receive concurrently on the uplink, the RN can transmit to the eNB on a first slot and then switch to receiving the uplink control information from the UEs in the second slot, thus recovering at least some partial uplink control information (same approach can be used for uplink data as well). 
3. Cell attachment and Interference Coordination
Per the initial system evaluations ([3] and references therein), it can be seen that the system performance benefits (assuming no backhaul bottleneck) depends on the number of UEs served by the relay nodes (RNs). When more UEs are attached to the RNs, better performance is expected. One of the main reasons for this improved performance would be the increased time-frequency resources available at (and due to) the new cells (created due to the RN). The biasing of the UE attachment to the RNs can be achieved using cell reselection offsets. For interference-limited deployment scenarios like Case 1 a combination of larger RN PA and/or eNB Transmit power reduction can provide good gains. Additionally, traditional interference coordination schemes such as time and/or frequency division of resources between the RN and the eNBs can also be considered. 
4. Conclusion

The contribution discussed different solutions for relay design in the TDD and FDD systems – including downlink and uplink backhaul designs, cell attachment, etc. For TDD backhaul, the special subframes with appropriate configuration can be used for backhaul (in addition to MBSFN-based DL) with least impact on downlink/uplink HARQ on the access link.  
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