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1. Introduction 
It is generally accepted that relay nodes will not transmit to the UE and receive from the eNB on the same carrier frequency at the same time. In order for the relay node to be backward compatible with Release 8 (R8) UEs, MBSFN subframes are used during the relay downlink inband backhaul transmission in LTE-A. In these subframes, the relay node will transmit up to two PDCCH symbols on the access link before starting to receive a downlink transmission on the relay link [1].
Since the general principle of using the MBSFN subframes during relay downlink backhaul transmission has been agreed, the details of the relay link control channel design needs to be resolved [2-3]. An efficient design is important for reducing the relay link overhead and increasing flexibility of relay resource allocation. In this contribution, we will discuss various issues regarding relay link control signalling.
2. Relay Backhaul Reception Timing
An MBSFN subframe control region can have one or two OFDM symbols. The control region of a normal subframe can be up to four OFDM symbols. This leads to three scenarios:

1) The relay MBSFN subframe has a larger control region than the corresponding eNB subframe
. An example would be when the control region of relay MBSFN subframe has two OFDM symbols, while the eNB subframe has only one (see Figure 1). In this case, the relay will not be able to receive the second OFDM symbol from the eNB (i.e. the first symbol of the PDSCH of the eNB subframe). 
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     Figure 1. An example of scenario 1
2) The relay MBSFN subframe has smaller control region than the corresponding eNB subframe. This is possible since the control region of relay MBSFN subframe has a maximum of two OFDM symbols while the control region of the eNB subframe has a maximum of four. If this is case (see Figure 2), the relay could receive part of the eNB PDCCH although it may not be necessary. 





     Figure 2. An example of scenario 2

3) The relay MBSFN subframe has the same control region as the corresponding eNB subframe. In this case the relay node may be able to start receiving the eNB exactly on time; but considering the relay switching  (from Tx to Rx) time, some data loss may occur. 

We see two possible solutions:
1) The eNB subframe always has a fixed-size control region during the MBSFN subframe. For example, this could be for example two OFDM symbols (the maximum of the MBSFN), or three OFDM symbols in order to cover the relay switching time. , guaranteeing that the relay node will never miss any data from the eNB. 

2) Do not fix the control region of the eNB subframe during the MBSFN subframe. The PDSCH of the eNB could start earlier than the relay node reception start time. This means that the eNB could transmit data to the relay node before the relay node is able to start receiving. If the eNB starts the PDSCH before the relay node is ready, the eNB will only transmit dummy data during the period of time that the relay node cannot receive. The eNB will start transmitting the traffic data to the relay node only after the relay node reception start time. 
Option 1 is slightly preferred since it simplifies the relay control channel design and the relay data transmission from the eNB. In both solutions, the starting time for relay reception during a MBSFN subframe will be semi-statically configured by the eNB. 

3. Relay Control Channel Design 

Since the relay can only receive the relay link downlink transmission after it has transmited the MBSFN control symbols on the access link, a new control channel needs to be designed for the relay link DL backhaul. It should fit in the OFDM symbols that follow the PDCCH (i.e. PDSCH). 

The relay downlink control information could be reduced due to the following reasons.

1) Since the number of relays in the system is smaller than the number of UEs, the number of UL and DL grants can be smaller. We envision some sort of DL UE aggregation scheme that will minimize the number of DL and UL grants over the backhaul.
2) The relay link is fixed and has better link quality than the access link. Higher modulation orders (e.g., 16-QAM, 64-QAM) may be used on the physical control channel as well as spatial multiplexing. 

Figure 3 shows an example of relay downlink control information (R-DCI) being transmitted in the RBs at the centre of the carrier. The number of RBs can be pre-configured. The number of OFDM symbols of the R-DCI can be indicated by the relay physical control format indicator channel (R-PCFICH) in a manner similar to that of the PCFICH. The remaining OFDM symbols in the MBSFN subframe after the R-DCI can be used for DL data transmission to the relay or LTE-A (R10) UEs. This area cannot be used for R8 UEs since they will not understand the R-DCI. From the scheduler point of view, the relay and the R10 UEs can be assigned to any RBs over the PDSCH portion of the MBSFN subframe, while the R8 UEs can only be assigned to any RBs outside those that carry the R-DCI. 






Figure 3. Relay inband DL control channel structure

The R-PCFICH should be located in the first symbol of the R-DCI but spread in the frequency for diversity gain. After receiving the R-PCFICH, we envision the relay blindly decoding the relay physical downlink control channel (R-PDCCH) based on the relay ID in a manner similar to how a R8 UE decodes the PDCCH. In fact, we expect that many of the methods used in R8 on the PDCCH will be reused for the R-DCI. The R-PDCCH grant messages will be formatted in a way that the relay will know how to receive data following the R-DCI or in the PDSCH. If the relay node successfully decodes the R-PDCCH, the relay node will be able to find any physical resource for the shared channel data transmission. One option is to fix the number of OFDM symbols of R-DCI so that R-PCFICH is not needed in the relay control channel. The number of OFDM symbols for R-DCI can be pre-configured or semi-statically signalled through high-layer signalling.
We prefer to reserve a few resource blocks in the middle of the DL channel to place the R-PDCCH and the R-PCFICH. All attempts should be made to keep the R-DCI as narrow as possible. This allows maximum availability of resources for R8 UEs. It should be allowed to widen as demand for the relay increases. The location of the RBs that contain the R-DCI will need to be configured by the eNB. The advantages of placing the limited number of reserved PRBs for the relay control channel around its centre frequency are that
1) The relay node may be allowed to have smaller bandwidth than is used in the eNB donor cell. Placing the control channel in the centre frequency can ensure that the relay node with smaller bandwidth still be able to receive the relay control information. 

2) Since the R8 UEs cannot be assigned to the RBs containing the R-DCI, it is beneficial to limit the number of RBs carrying the relay control information. By limiting the number of RBs of the R-DCI, the available scheduling band for the R8 UEs will increase. Therefore, the scheduling flexibility for the R8 UEs can be increased. As seen in Figure 3, the resource used to transmit the donor cell UEs are the RBs in the PDSCH region, excluding the region 1 and region 2. Therefore, by limiting the frequency domain size of region 1 and region 2, the donor cell UEs can have more scheduling flexibility. 

4. Resource Assignment for Relay Uplink Grants 

In the R-DCI, the eNB may grant uplink resources for the relay link. Currently in the R8 LTE specification, the uplink grant for the UEs is only valid for one subframe (4 ms later following the uplink grant). For each uplink transmission, the eNB will need to send an uplink grant unless semi-persistent scheduling is configured. The eNB only transmits relay backhaul information to the relay node during an MBSFN subframe. More flexibility could be beneficial for the backhaul uplink transmission. If the R8 example is followed there will be only as many uplink transmissions as there are MBSFN subframes. It would be useful to distribute UL subframe transmissions between MBSFN subframes. We propose doing this in the uplink grant over the relay link. For instance, in one uplink grant multiple uplink transmission opportunities can be given to the relay node instead of only one uplink transmission opportunity per grant. Therefore, when the relay node receives the uplink grant from the eNB, the relay node can perform the uplink transmission in a particular subframe or several subframes. 
5. Conclusions
In this paper, the issue of relay link control channel design is discussed. We suggest the following:
· During the relay MBSFN subframe, the eNB subframe always has fixed size control region. The starting time of the relay reception during a MBSFN subframe will be semi-statically configured by the eNB through higher-layer signalling. 

· Reserve RBs at the centre of the relay link frequency band for R-PCFICH and R-PDCCH. Higher order modulation, e.g. 16QAM and 64QAM, may be used for the R-DCI.

· The number of OFDM symbols for the R-DCI may be pre-configured or semi-statically signalled by a high layer.  
· The physical resource for relay data can be allocated anywhere in the PDSCH.
· Subframe information should be included in the relay uplink grant. Multi-subframe allocation for inband UL backhaul transmissions is allowed in the relay uplink grant. 
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� Note that the relay node cannot receive the PCFICH from the eNB during its MBSFN subframe.
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