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1. Introduction

The design of the backhaul link, and especially the L1/L2 control signaling, between the donor eNB and the relay node (RN) for type 1/1a relaying is currently under discussion in RAN1. The fundamental problem arising in this context is the interference scenario between the access (Uu) and backhaul (Un) links, i.e. to what extent transmission from the RN on the Uu will interfere with reception of the Un at the RN (and vice versa). Two main (and not mutually excluding) design approaches for L1/L2 control signaling are currently under discussion:

· PDCCH, i.e. reuse of control channels already existing in LTE Rel-8. The benefit of this approach that there is no impact on the RAN1 specifications to support L1/L2 control signaling between the RN and the donor eNB. Sufficient isolation between Uu and Un at the RN is required in this case. Scenarios that could provide sufficient isolation between Uu and Un include

· outband relaying where isolation is obtained in the frequency domain (i.e. Uu and Un operating on sufficiently separated frequencies); see Figure 1. There is no need to configure MBSFN subframes in the relay cell in this case.

· inband/outband relaying where isolation is obtained in the spatial domain (i.e. antenna arrangements are used to avoid Uu-Un interference); see Figure 1. There is no need to configure MBSFN subframes in the relay cell in this case.

· inband relaying with time offset where the isolation is obtained in the time domain; see Figure 2. MBSFN subframes need to be configured in the relay cell in this case.

· R-PDCCH, i.e. the introduction of an additional control channel structure in Rel-10. Scenario in which this is necessary include

· inband relaying with time-aligned subframes at the donor and relay cells; see Figure 3. MBSFN subframes need to be configured in the relay cell in this case.

In the latter case, i.e. the R-PDCCH alternative, some specification work in RAN1 is required, e.g. decisions on FDM-vs-TDM of control signaling, the need for R-PCFICH, details of the mapping of control channels to resource elements, etc. Note that, irrespective of the presence/absence of the R-PDCCH, a RN needs to support reception of Rel-8 control signaling on the PDCCH in order to receive configuration information at initial configuration. Thus, R-PDCCH comes in addition to other Rel-8 functionality, not as a replacement.
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Figure 1: Using PDCCH for backhaul control in presence of spatial/frequency isolation between Un and Uu.
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Figure 2: Using PDCCH for backhaul control in absence of spatial/frequency isolation between Un and Uu.
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Figure 3: Using R-PDCCH for backhaul control.

2. Backhaul control signaling using the PDCCH

As stated in the introduction, Un control signaling can use the PDCCH when the eNB-to-RN and RN-to-UE use different frequency resources, when there is sufficient antenna isolation between the two links, or by when the eNB and RN subframe structures are shifted in the time domain. The former two cases are illustrated in Figure 1 and the latter is illustrated in Figure 2. 

In Figure 2, where the donor and relay cells operate with an offset in time, the last part of the PDSCH cannot be received by the RN. This can be handled in several ways, e.g. similar to half-duplex FDD operation where the receiver is allowed to skip receiving the last OFDM symbols in a subframe, or similar to the PDSCH in DwPTS where the last OFDM symbols in a subframe are not transmitted. 

Reusing the PDCCH for the backhaul control signaling has the obvious benefit of reusing functionality present already in Rel-8 and should be supported as one possibility for relaying in Rel-10. In this approach, there is no need to semi-statically reserve resources for the L1/L2 control signaling as the relay dynamically shares the control signaling resources with UEs connected directly to the donor cell, resulting in a “trunking gain” between UE and RN control.

3. Backhaul control using R-PDCCH

In case there is no isolation in the spatial or frequency domain and operation with subframe-alignment between eNB and RN cells is required, the PDCCH cannot be used and a new control channel, the R-PDCCH, is required. The timing of the R-PDCCH must be such that the relay node can receive it in one of its MBSFN subframes, i.e. the R-PDCCH cannot be transmitted in the control region of the donor cell but must be located in the data region of a subframe. This is illustrated in Figure 3.

In the frequency domain, transmission of the R-PDCCH occurs in a set of semi-statically allocated resource blocks according to TR 36.814. Multiplexing of the R-PDCCH with PDSCH in the donor cell can use TDM, FDM or a combination thereof. Pure TDM (i.e., the R-PDCCH occupies all RBs in the cell bandwidth) implies that there is no possibility to schedule Rel-8/9 UEs in the donor cell in this subframe and is not acceptable, leaving FDM and FDM+TDM for further discussion.

The design of the R-PDCCH should follow a couple of design guidelines including

· minimize the number of RBs semi-statically set aside for R-PDCCH transmission

· minimize the impact on Rel-8 signals and channels in the donor cell, e.g. Rel-8/9 cell-specific and UE-specific reference signals

· provide sufficient frequency diversity

The resource blocks allocated for R-PDCCH transmission cannot be used for data transmission and will thus represent overhead in the donor cell. From an overhead perspective, pure FDM between the R-PDCCH and the PDSCH minimizes the number of RBs, while FDM+TDM requires a larger number of RBs to be allocated (assuming the same number of control bits to be transmitted). For FDM and FDM+TDM, sufficient diversity can be obtained by allocating a (small) number of RBs, well separated in the frequency domain.

Using FDM implies that Rel-8/9 reference signals can be directly applied to the R-PDCCH. Cell-specific RS, as well as UE-specific RS to support beamforming, can be used for the backhaul link in the same way as for data transmission in Rel-8/9. In case of FDM+TDM multiplexing, support of beamforming on the backhaul link would require the design of new “backhaul-specific” RS, which increases increased specification and implementation complexity.

In an FDM+TDM scheme, the latter part of a subframe in the semi-statically allocated control RBs cannot be used for Rel-8/9 UEs connected directly to the donor cell. If a new “R-PDSCH” is defined (which incurs additional implementation and specification complexity), the resources could form (part of) the resources used for donor-to-relay communication. However, note that the R-PDCCH is used for scheduling of RN-to-eNB transmissions as well in which case these resources are wasted.  Using FDM avoids these drawbacks.

Based on the discussion above, it is proposed to adopt FDM for multiplexing of R-PDCCH and PDSCH.
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Figure 4: FDM (left) and FDM+TDM (right) of R-PDCCH and PDSCH.

4. Conclusion

It is proposed to

· capture in TR 36.814 that PDCCH can be used for backhaul control signaling

· adopt the following guidelines for the R-PDCCH design

· minimize the number of RBs semi-statically set aside for R-PDCCH transmission

· minimize the impact on Rel-8 signals and channels in the donor cell, e.g. Rel-8/9 cell-specific and UE-specific reference signals

· adopt FDM for multiplexing of R-PDCCH and PDSCH
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