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1. Introduction

It is stated in [1] that a Type I relay is supported in LTE-A. To avoid self-interference, a Type 1 relay does not transmit and receive signals simultaneously. Hence, TDM is adopted between eNB-to-RN and RN-to-UE transmissions. Furthermore, it is required that a Type I relay shall support Rel-8 UEs. An MBSFN approach, as shown in Figure 1, is captured in [1]. Relay transmits to its UEs in normal subframes, and receives transmission from its donor eNB in an MBSFN subframe.
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Figure 1 [1]: Example of relay-to-UE communication using normal subframes (left) and 
eNodeB-to-relay communication using MBSFN subframes (right).
In the MBSFN subframe within which relay receives transmission from eNB, relay still has to transmit the first 1 or 2 OFDM symbols to its Rel-8 UEs. The consequence of the MBSFN approach is that relay cannot receive PDCCH (including PCFICH and PHICH) from its donor eNB. Therefore, a new design is needed on the backhaul link between the eNB and relay, such that control/data information can be properly conveyed to the relay. A few contributions [2]–[7] have already discussed various design options for the backhaul control channel. In this contribution, we present our views on this topic.
2. Backhaul Control Channel

2.1. Design Considerations

The backhaul resources can be semi-statically or dynamically assigned. In the former case, the resource allocation and possibly MCS are configured in a semi-static fashion, e.g. similar to Rel-8 semi-persistent scheduling. In the later case, each backhaul PDSCH transmission is accompanied by a PDCCH. Although it is arguable that the backhaul traffic is less dynamic compared to a regular macro-UE, it is still expected that the TBS on the backhaul link shall vary in time. Therefore, in this contribution, we consider dynamic resource allocation on the backhaul link. 
In this document, the control channel on the backhaul link is named R-PDCCH, whereas the data channel on the backhaul link is named R-PDSCH. In general, FDM or TDM can be employed for the transmission of R-PDCCH and R-PDSCH. In the following, we compare the two approaches from the following aspects:

· R-PDSCH decoding latency

· Impact on Marco-UE scheduling

· Standard efforts
2.2. FDM vs. TDM Backhaul Control

Figure 2 shows the principle of FDM multiplexing for R-PDCCH and R-PDSCH, where R-PDCCH and R-PDSCH occupy different PRBs in the frequency domain. The location of the R-PDCCH shall be known by the relay node, e.g. via higher layer signaling. In addition, a relay PCFICH (R-PCFICH) may be needed to indicate the number of PRBs for R-PDCCH, if the size of R-PDCCH shall be dynamic.
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Figure 2: FDM R-PDCCH and R-PDSCH
From R-PDSCH decoding latency perspective, while the FFT operation can occur before the decoding of R-PDCCH, the demodulation of R-PDSCH requires the relevant resource allocation information contained in R-PDCCH. Since R-PDCCH lasts for the whole subframe duration, the FDM approach may have larger R-PDSCH decoding latency compared to the TDM approach. On the multiplexing between R-PDSCH and Macro-UE’s PDSCH, the FDM approach does not have restrictions. In other words, an RN’s R-PDSCH can be treated as a Macro-UE’s PDSCH and it is up to the eNB scheduler for their respective resource allocations. From standard efforts point of view, the FDM approach is not well aligned with the Rel-8 PDCCH/PDSCH design principle, which is TDM based. Therefore, it is expected that the FDM approach may require more standard work than the TDM approach.

[image: image3.emf]R-PDSCH

PDSCH

P

D

C

C

H

P

C

F

I

C

H

R

-

P

D

C

C

H

R

-

P

C

F

I

C

H

time

frequency

N

PDSCH


Figure 3: TDM R-PDCCH and R-PDSCH
Figure 3 shows a TDM R-PDCCH/R-PDSCH multiplexing design, where R-PDCCH and R-PDSCH is mapped onto different OFDM symbols. R-PCFICH can indicate the number of OFDM symbols N for R-PDCCH, similar to the design of PCFICH in Rel-8. The frequency location of R-PCFICH/R-PDCCH shall be known by the relay node in advance. In the frequency domain, R-PDCCH occupies either a fixed or a semi-statically configured number of PRBs. Although in principle, R-PDCCH and R-PDSCH can reside in different PRBs, it may not be easy to schedule Rel-8/Rel-10 UEs in the R-PDCCH PRBs. For a Rel-8 UE, it is infeasible to schedule it in the R-PDCCH PRBs, since the Rel-8 UE shall expect the R-PDCCH REs carrying its data as well. For a Rel-10 UE, it is possible to schedule it in the R-PDCCH PRBs, which, however, requires that the Rel-10 UE reads R-PCFICH to obtain the actual set of REs carrying its data. Therefore, it is preferable that the R-PDCCH and R-PDSCH are located on the same PRBs in the frequency domain.
Since R-PDCCH can be transmitted before R-PDSCH, the TDM approach may have lower R-PDSCH decoding latency than the FDM approach. As explained above, in the TDM approach, Rel-8/Rel-10 UEs may not be flexibly scheduled in the R-PDCCH region. It may be worth to consider locating R-PDCCH/R-PDSCH on frequency band edge(s) to provide consecutive PRBs for PDSCH transmission of Rel-8/Rel-10 UEs. Further, it shall be carefully evaluated if sufficient diversity gain can still be obtained by restricting R-PDCCH on a few PRBs, taking into account the backhaul link LOS. The TDM R-PDCCH/R-PDSCH approach is aligned with the Rel-8 R-PDCCH/PDSCH design principle. Therefore, it is easier to inherit some of the Rel-8 PDCCH designs, which reduces the standard efforts.   
2.3. TDM Approach with 2-D R-PCFICH

In the above description of the TDM R-PDCCH/R-PDSCH design, R-PCFICH only indicates the number of OFDM symbols N for R-PDCCH. The number of R-PDCCH PRBs can be either fixed or semi-statically configured. With the observation that Rel-8/Rel-10 UEs cannot be flexibly scheduled in the R-PDCCH PRBs, we herein propose a 2-D R-PCFICH. The 2-D R-PCFICH indicates both the number of R-PDCCH PRBs M and the number of R-PDCCH OFDM symbols N, as shown in Figure 4. With the 2-D R-PCFICH, the number of R-PDCCH PRBs can be dynamically updated on a per backhaul subframe basis. RN’s R-PDSCH can be scheduled in the same M PRBs as R-PDCCH, thus avoiding the need to schedule Rel-8/Rel-10 UEs in R-PDCCH PRBs and possible DL resource waste. The 2-D R-PCFICH can reside in the first OFDM symbol in R-PDCCH/R-PDSCH region and on a set of fixed or pre-defined REs in the frequency domain.
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Figure 4: TDM R-PDCCH and R-PDSCH with 2-D R-PCFICH
3. Conclusions
In this contribution, we compare the FDM and TDM approach for relay DL backhaul control channel design. To inherit the Rel-8 PDCCH/PDSCH design principle, we prefer the TDM approach. In the TDM approach, it is observed that scheduling Rel-8/Rel-10 UEs in the R-PDCCH/R-PDSCH region may not be very flexible. To avoid wasting DL resources, we propose a 2-D R-PCFICH design, which indicates both the number of R-PDCCH PRBs M and the number of R-PDCCH OFDM symbols N. The number of R-PDCCH PRBs can be updated on a per subframe basis. Futher, the R-PDCCH PRBs shall be largely used for R-PDSCH transmissions.
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