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1. Introduction
By configuring MBSFN subframes on the RN-UE access link, backhaul resources can be made available for eNB-RN downlink transmission. Because RNs transmits control signaling to its own UEs on the first one or two OFDM symbols of a MBSFN subframe, it cannot receive control signaling transmitted by the eNB. Consequently, it is necessary to design a new control channel for the backhaul link (R-PDCCH for Relay-PDCCH). Similarly, a shared data channel must be designed (R-PDSCH). The RN will receive R-PDCCH and R-PDSCH in shortened subframes. In TR 36.814 [1], some basic principles of R-PDCCH design were set up. In this contribution, we will discuss the requirements on R-PDCCH, the properties of backhaul link, some issues and some possible design methods for R-PDCCH.
2. R-PDCCH Design
2.1. Requirements on R-PDCCH

When designing R-PDCCH, the following requirements should be addressed:
· Coverage: R-PDCCH should have high enough reliability for all targeted RNs including those RNs located at the cell edge.
· Overhead: The overhead from R-PDCCH should be low enough to enable high resource utilization efficiency.
· Complexity: The implementation complexity of R-PDCCH decoding should be kept small to reduce the processing delay and power consumption in the RN. 
· Data rate: It is highly desirable to improve R-PDCCH data rate performance with some similar techniques adopted in PDSCH, such as high-order modulation and high-order MIMO.

· Flexibility: such as for the resource site, the size and the format of R-PDCCH, should be kept in mind when design R-PDCCH.

· Standard impact: To reduce standardization effort, if possible, R-PDCCH design should reuse the design principles of Rel-8 PDCCH.

2.2. Properties of backhaul link

When designing R-PDCCH, the following properties and/or assumptions of backhaul link should be used:

· Fixed RN deployment: The RN is typically not moving and with higher antenna height (e.g. 5m) than UE. In view of fixed RN deployment, the channel response and channel quality are relatively stable or vary slowly. 
· Few RNs per cell: Compared with the number of UEs per cell, relatively small number of RNs are deployed in the network (e.g., up to 10). Furthermore, the number of RNs in a cell is relatively similar just like the variation speed of eNB number.
· Joint scheduling of UE and RN: For scheduling flexibility, the eNB should be able to schedule the mix of relay and UE traffic, including traffic of Rel-8 UE. That means that when designing the scheduling of and/or in R-PDCCH, the scheduling flexibility of eNBs to UEs should not be affected.
· Few R-PDCCH: Considering relatively small number of RN than UE, the number of R-PDCCH might also be smaller than of PDCCH.
· TDM backhaul partitioning: The approach of configuring MBSFN subframes in the RN-to-UE transmission is used to handle RN self-interference problem. At the end of the unicast symbols of MBSFN subframes, RN will switch from Tx state to Rx state; while at the end of MBSFN subframes, RN will switch from Rx state to Tx state. The switching, either Tx to Rx or Rx to Tx, needs a guard period or switching gap to keep the switching interference free [2][3].
· Resource scheduling: In [1], it was agreed that the “R-PDCCH” is used to dynamically or “semi-persistently” assign resources for the “R-PDSCH” and the “R-PUSCH”. This is very much like PDCCH in LTE Rel-8.
2.3. TDM or FDM for R-PDCCH and R-PDSCH
On the eNB-RN backhaul dedicated resources, TDM means the control signalling R-PDCCH is transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul, as shown in Figure 1. FDM means the control signalling spans the OFDM symbols including the full set of OFDM symbols available for the backhaul link as shown in Figure 2.Both TDM & FDM should start from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
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Figure 1 TDM between R-PDCCH and R-PDSCH
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Figure 2 FDM between R-PDCCH and R-PDSCH

TDM can reuse LTE Rel-8 PDCCH design principles for R-PDCCH. FDM can keep scheduling flexibility and achieve scheduling gain for both those UEs served by eNB and RNs. 
· Diversity gain: TDM may occupy multiple PRBs, while FDM only occupy a few PRB, TDM can get more frequency diversity gain than FDM considering NLOS backhaul. FDM will give time diversity, which is basically negligible here, at least for fixed relays.
· Power sharing: Power sharing between control signalling and data is an effective tool to extend the coverage for the cell-edge RNs. Because a) the eNB may schedule RN and UE simultaneously, and b) a gap may exist at the beginning and end of backhaul resources, if power sharing is used with TDM, there will be power imbalance for UE’s data. In general, UE’s PDSCH should have the same transmission power in one subframe. So power sharing is not feasible for TDM. While for FDM, power sharing will not cause power imbalance for UE’s data. 
· Mismatch issue: For TDM, the frequency resource occupied by R-PDCCH may have different size than the size of the resources scheduled to R-PDSCH. This will limit the scheduling flexibility for both UE and RN.
· Time delay: Small delay has been claimed as an advantage for TDM. However, in the backhaul link, there is a gap, one OFDM symbol, at the end of backhaul resources. In the duration of this gap, R-PDCCH decoding can be finished by the receiver at the RN. So, the RN can finish R-PDSCH decoding no later than UE’s PDSCH decoding.
· Power saving: Power saving has been claimed as an advantage for TDM. When RN knows, through R-PDCCH, that it does not have to be scheduled in a subframe, it will switch off the receiver in the following few symbols. However, because reference signals are scarce for R-PDCCH, it is necessary to use all available reference signals in the backhaul link to get reliable channel estimation for R-PDCCH and measurements. Thus, the potential gain from switching off relay receiver may be very limited for TDM. Furthermore, it may be reasonable to assume that the RN has access to the power grid.
· Complexity: The size of R-PDCCH is not fixed for FDM because the starting symbol of backhaul resources depends on both eNB’s PCFICH and RN’s unicast symbol number. Either some puncturing of R-PDCCH is allowed to fit into a slightly smaller number of symbols or the mapping is designed to take the starting symbol into account. This will introduce more R-PDCCH decoding complexity for FDM. 
2.4. RN-specific R-PDCCH or multiplexing

RN-specific R-PDCCH means each RN has an independent R-PDCCH. The site, size, and format of R-PDCCH is only associated to RN ID, no association with other RN’s R-PDCCH. Multiplexing means the R-PDCCH of different RNs are multiplexed together. 
Multiplexing solution can reuse LTE Rel-8 PDCCH design for R-PDCCH. RN-specific R-PDCCH solution may need some signalling to indicate the site of each R-PDCCH.

· Performance: For RN-specific R-PDCCH, R-PDCCH for a RN should be put on the frequency resources with the best link quality. This way is very similar as CQI based PDSCH scheduling. So the RN-specific R-PDCCH can make full use of the frequency-selectivity of each eNB-RN link, and both the data rate and the coverage of R-PDCCH can be enhanced greatly. 
· Overhead: For RN-specific R-PDCCH, one could argue that it needs some additional control signalling to indicate the site of each RN’s R-PDCCH. This may be not necessary for RN because of fixed RN deployment. Fixed deployment means the channel quality between eNB and RN is almost stable. So, the site, size and format of R-PDCCH can be either fixed or notified by high-layer signalling. The overhead for high-layer signalling need further study. Furthermore, because of good R-PDCCH quality, high-order MCS can be used, thus the overall overhead of R-PDCCH may be reduced.
· Complexity: For RN-specific R-PDCCH, because there are no multiplexing operations among multiple RNs and there are no many starting point blind decoding times, the decoding complexity is low.
· Coverage: If power control is used for coverage of RN-specific R-PDCCH, the transmission power increase of a RN will result in interference increase at R-PDCCH of neighbouring cells. Planning or coordination of inter-cell interference for control channels is needed.
Another possible solution is two-level R-PDCCH, which was ever discussed in [4][5]. To support UE with different QoS by a RN, multiple R-PDCCH can be transmitted from eNB to this RN.
2.5. Joint or separate coding
2.5.1 DL grant and UL grant in R-PDCCH
In case a RN is scheduled in the downlink at the same subframe as it is assigned an uplink grant, joint coding means DL grant and UL grant are coded together into one message, while separate coding means the two are treated separately.

· Overhead: When both DL grant and UL grant are transmitted to the same RN at the same subframe, joint coding could allow for a reduced number of CRC bits. 

· Complexity: Joint coding implies more formats for the control signalling. Because one or both of DL grants and UL grants may be absent, there are three possible formats: DL grant, UL grant and DL grant + UL grant. This would need more blind detection times in the RN for the three possible formats. Because a lot of information on the R-PDCCH format is notified through high-layer signalling, the blind detection times may be not a limitation factor.
2.5.2 R-PDCCH and DL ACK/NAK feedback
Because R-PDCCH may be absent, while DL ACK/NAK feedback is always needed, it is possible to use a separate DL channel to transmit one or a few bits of ACK/NAK feedback.
The target performance of DL ACK/NAK feedback is different from that of R-PDCCH. It may be improper to use joint coding for R-PDCCH and DL ACK/NAK feedback.
3. Conclusions
In this contribution, we show some considerations on R-PDCCH design for Type 1 relays including: 

· R-PDCCH’s requirements
· Backhaul link properties
· Some possible design methods 

· TDM or FDM
· RN-specific R-PDCCH or multiplexing
· Joint or separate coding for DL grant and UL grant
· Joint or separate coding for DL ACK/NAK and R-PDCCH
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