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1 Introduction

The following is the current state of the text in TR36.912 for backhaul resource assignment for Type I Relays [1]:
-
At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary; except for possible adjustment to allow for RN transmit/receive switching 
-
The time-domain resources (set of subframes) that may be used for the downlink backhaul link are semi-statically assigned. 
-
A new physical control channel (the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (the “R-PDSCH”).
-
The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH”). 
-
The “R-PDCCH”
-
is transmitted on a subset of the PRBs of the subframes assigned for the downlink backhaul link. 
-
is transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul link. This subset of OFDM symbols may include the full set of OFDM symbols available for the backhaul link
-
is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
-
is used to assign downlink resources in the same subframe and/or in one or more later subframes.
-
is used to assign uplink resources in one or more later subframes
-
  “R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.
Some further detail is given in TR36.814. 

In this contribution, we provide some further discussion for the backhaul link control channel design for Type I Relay. 
2 Discussion
2.1 Multiplexing Scheme for R-PDCCH and R-PDSCH
Based on the discussion for the backhaul resource assignment for Type I Relay, several multiplexing schemes can be considered for R-PDCCH and R-PDSCH design [2-10]. The three most attractive methods are TDM, FDM and Mixed TDM+FDM resource assignment schemes. 

· TDM
In this scheme, the R-PDCCH will occupy a few OFDM symbols for the backhaul control across all the RBs in the frequency domain. Based on this mapping scheme, the TDM multiplexing has the lowest decoding delay since the relay can decode the control signals without waiting for the receiving of the whole subframe. Besides, the TDM scheme will exploit the maximum frequency diversity gain because of the wide frequency band used. This can increase the probability of successful detection and decoding.  Higher modulation orders might then be used for R-PDCCH design. However, when dynamic resource assignment is used for R-PDCCH, the TDM scheme may have the worst scheduling flexibility since it does not allow any Release 8 UEs to be scheduled in the subframe which is used for R-PDCCH. 
· FDM
On the other hand, FDM multiplexing means the R-PDCCH will occupy RBs in both slots  This scheme has the maximum flexibility to partition the R-PDCCH separately from PDSCH transmission for  Release 8 or LTE-A UEs. This scheme will have the longest decoding delay for R-PDSCH since the relay node needs to buffer the data first and wait for the R-PDCCH decoding at the end of the subframe. Although the FDM scheme lacks frequency diversity gain, the relay backhauling would not see much performance degradation since most of the Relay nodes are expected to be stationary.
· Hybrid TDM+FDM
This scheme is a hybrid between TDM and FDM multiplexing, in which the R-PDCCH occupies a subset of the total RBs in a subframe and also a subset of the OFDM symbols within those RBs. The R-PDCCH decoding delay is much less than that of the FDM scheme. The scheduling restriction is also much less comparing to that of the TDM scheme. The hybrid TDM and FDM scheme would provide some frequency diversity gain. The trade-off between the R-PDCCH decoding latency, frequency diversity gain and the scheduling flexibility should be further studied. Besides, information for resource allocation may need to be exchanged between eNB and RN in the backhaul link control signals. System level simulation results would help in further evaluating this scheme. 
2.2 R-PHICH
The HARQ operation for UL backhauling is not expected to be versatile.  The number of type 1 relay nodes is not expected to vary. The needs for R-PHICH, and alternative solutions for ACK/NACK transmission for type 1 relay backhauling, have been discussed in [11, 12]. One alternative is to piggyback the DL ACK/NACK on the UL grants in the R-PDCCH. The need for R-PHICH design using the current PHICH structure needs further study.
2.3 R-PCFICH
The “R-PDCCH” control channel region could be dynamically or semi-statically allocated. If the R-PDCCH resource varies dynamically between subframes, an R-PCFICH would be essential to indicate the number of RBs for R-PDCCH. If the R-PDCCH resource is configured semi-statically, the R-PCFICH would not be needed. A new R-PCFICH structure for dynamic indication of resource in both time and frequency domain is proposed in [7].  The proposed scheme has the flexibility of R-PDCCH resource allocation but additional overhead. Further study is required.  
3 Conclusions
In this document, we discuss the backhaul link control channel design for Type I Relay including:
· R-PDCCH mapping structure, including TDM, FDM and Mixed TDM+FDM scheme
· The need for R-PHICH or alternative ACK/NACK solutions
· The need for R-PCFICH 
In conclusion, the DL control channel design for Type 1 relay backhauling needs further discussion based on the system analysis, possible deployment scenarios, and performance results.
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