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1 Introduction
Some relay topics were intensively discussed and agreed during 56th meeting (e.g. transmission gap in access link and type 1 relay node and WF on access-backhaul partitioning of relay). In addition, some companies submitted contributions on control signaling of backhaul link. In [6], full-service relay has its own PCID and eNB transmits on the DL to the RN and UEs via FDM in a subframe. In [7], The R-PDCCH zone could span the whole system bandwidth or take only partially the system bandwidth such as in central part of the system bandwidth. In [8], both semi-static and dynamic resource allocation schemes were addressed for the backhaul link. Dynamic resources include primary backhaul resource (PBR) and secondary backhaul resource (SBR). In [9], eNB to relay control channel is confined to a few RBs of the subframe.
In this contribution we discuss several examples of control channel structures for backhaul link and their mapping pattern and carried information. Simultaneously, we have shown Pros. and Cons. of each structure.
2 Discussion
2.1 Two stages of control information
A relay node (RN) can be logically treated as a UE during the data communication with eNB, although it also capable of decoding and re-encoding the data, and possibly scheduling the transmission to/from its subordinate UEs in the case of L2/L3 relays. Nevertheless, a RN first needs to know the control information in order to receive/send the data from/to eNB, not only for itself, but possibly also for its subordinate UEs.
Relay can have two scheduling strategies: centralized by eNB or distributed to RNs. In centralized scheduling, eNB is responsible for resources allocations of relay link, access link and direct link between eNB and UEs. A RN needs to decode not only the DL/UL grant information for itself, but also the control information for its subordinate UEs. In another word, there should be two stages of control information in DL backhaul link, one for DL/UL grant of RN, the other for DL/UL grant of the subordinate UEs. The second stage control information can be passed to UEs, either via PDCCH relayed by RN, or carried by other newly defined control channels. 
The above two stages of control information may also be needed in distributed scheduling. The only difference is that the second stage information contains the resources allowed to be allocated by this RN rather than the explicit resource allocations for each subordinate UEs.
2.2 Starting point for backhaul link 
In MBSFN subframes, it is difficult for RN to receive the downlink L1/L2 control information from eNB, since RN does not know the number of OFDM symbols for direct link control channel. In other words, RN cannot accurately receive its own control and traffic. In addition, in-band RN needs a guard period used for switching of transmission and reception. Therefore, eNB would start mapping RN’s control and traffic from 4th or 5th OFDM symbol. When the number of DL RBs is less than 10, RN starts receiving its control and traffic from 5th OFDM symbol, otherwise, RN starts receiving its control and traffic from 4th OFDM symbol.
2.3 TDM structure of backhaul link control channel
As shown in Figure 1a, the entire frequency resource of OFDM symbols is used for carrying control information of backhaul link at certain time. Obviously, the resources for backhaul link control and for macro UEs are not FDM in this scheme, resulting in macro UEs’ code block errors. In Figure 1b, the center frequency part is used for carrying control information of backhaul link. The problem is the same with Figure 1a unless macro UEs are not scheduled in “R” areas. This method may reduce scheduling gains.
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Figure 1. TDM structure of backhaul link control channel
2.4 FDM structure of backhaul link control channel
Control information of backhaul link can be sent via resource blocks (RBs) as seen in Figure 2a and 2b. Moreover, these RBs are not allocated for traffic data of macro UEs, which does not affect scheduling and backward compatibility. One or several RBs would contain control information between eNB and RN, and certain number of RBs can be used for carrying control information of eNB to RNs and configuration information of other RBs with control information. Their locations can be signaled via: 

-  eNB confirms position of certain RBs according to subframe number and cell ID
-  PCFICH REGs
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Figure 2. FDM structure of backhaul link control channel
2.5 TDM+FDM structure of backhaul link control channel
In Figure 3a and 3b, only part of distributed frequency resource of OFDM symbols is used for carrying control information of backhaul link. TDM+FDM structure results in different RB size, which may affect scheduling. Overall speaking, compared to TDM scheme, this method has smaller impact on scheduling and backward compatibility.
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Figure 3. TDM+FDM structure of backhaul link control channel
FDM structure enables flexible scheduling between macro UEs and RNs, and does not affect scheduling and backward compatibility. The following Table 1 shows the Pros. and Cons. of TDM and FDM and TDM+FDM structure respectively.
Table 1. Pros. and Cons. of TDM and FDM and TDM+FDM structure respectively
	
	Pros.
	Cons.

	TDM
	Almost reuse the current control structure
	Erroneous decoding for  interference
Inefficient scheduling

	FDM
	Frequency diversity
Scheduling flexibility
	Maybe new design

	TDM+FDM
	Frequency diversity
	Maybe new design
Inefficient scheduling


3. Conclusion
Several aspects regarding to control channels design for backhaul link were discussed. In this contribution we proposed: 

· Two stages of control information
-  The first stage control information is DL/UL grant of RN in centralized or distributed scheduling
-  The second stage control information is DL/UL grant of the subordinate UEs in centralized scheduling
-  The second stage control information is the resources allowed to be allocated by RN in distributed scheduling
· The start of backhaul link in time domain
-  When the number of DL RBs are less than 10, RN start receiving its control and traffic from 5th OFDM symbol
-  Otherwise, RN start receiving its control and traffic from 4th OFDM symbol

Structure of backhaul link control channel

-  TDM and FDM and TDM+FDM
· Two alternatives certain pattern
-  eNB confirms position of certain RBs according to subframe number and cell ID

-  Certain RBs correspond to PCFICH REGs
Pros. and Cons. of each structure were discussed. The preferable structures are FDM and TDM+FDM.
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