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1 Introduction

In the last meeting RAN1#57, a significant progress has been made to Relay Type 1 backhaul resource assignment [6]. Among others, it was agreed that the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary and the set of subframes that may be used for the downlink backhaul link are semi-statically assigned from the donor eNB to the Relay Type 1 nodes. In addition, a new physical control channel was agreed called “R-PDCCH” for the communication between the eNB and the Relay. However, an agreement could not be reached whether the control resources of the R-PDCCH is dynamically or semi-statically configured within the subframe.
In this contribution, we provide further details of how to allocate Relay control resources of R-PDCCH within the subframe in LTE-Advanced system.
2 Control Structure for Relaying Type 1 nodes   
The design of a new control structure called “R-PDCCH” has been outlined in [6] which resides on the backhaul link between the donor eNB and Relay nodes based on the agreement that the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary. It means that in the access link, Relay UEs will receive the first two OFDM symbols of the subframe containing control information (RN’s PDCCH) and in the rest of the subframe as shown in Figure 1, Relay will switch to listen the R-PDCCH and receive data from the donor eNB in the backhaul link. In the access link, during the rest of the subframe, Relay UEs will go to sleep.
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  Figure 1: New Relay control channel within the PDSCH areas (synchronous transmissions)
The agreed new control channel “R-PDCCH” can be dynamically or semi-statically allocated. The difference is that in the case of dynamic resource allocation, the exact required amount of control resources are reserved in the subframe while in the case of semi-static allocation, the resources are reserved even if they are not used for R-PDCCH channels. For dynamic resource allocation, in addition to the agreed R-PDCCH channel, there seems that the same principles of Rel’8 control design can be followed by specifying new control channels of R-PCFICH and R-PHICH. The details of the dynamic and semi-static resource allocations are provided in the next sections.
3 Dynamic resource allocations
In the dynamic resource allocations, R-PCFICH indicates the size of the R-PDCCH channel in terms of number of resource blocks (RBs) in frequency domain and with a fixed-known location in terms of number of OFDM symbols in time domain within the subframe. To be precise, R-PCFICH carries two bits and applies same Rel’8 LTE coding scheme resulting 32 bits or 16 QPSK symbols to provide sufficient coverage to the Relay nodes at the cell edge or in case Relay nodes are used for group mobility. Further more; to get good channel estimation and compensation, the R-PCFICH is preferred to be placed on the fifth OFDM symbol which contains reference signals (RS) and spread over two resource blocks (RBs) in frequency domain within the subframe as shown on Figure 2 for normal cyclic prefix subframes. Figure 3 on the Appendix also shows for extended cyclic prefix subframes. 
In addition, R-PHICH channel which carries the hybrid-ARQ ACK/NAKs is also transmitted in a fixed-known location in the two resource blocks (RBs), see Figures 2 and 3. As the number of Relays connected to the eNB are expected to be not that much large, the R-PHICH resources can be made smaller, that is roughly one or two PHICH groups where each R-PHICH group can carry up to 8 or 4 ACK/NAKs simultaneously for normal and extended cyclic prefix subframes respectively.
As mentioned above, R-PCFICH indicates the size of the R-PDCCH channel and it can be interpreted as follows for subframes with normal cyclic prefix:
00 = Relay control resources are 2RBs in frequency domain and OFDM symbols of S4, S5, S6 and S7 in time domain. R-PDCCH channel do not exist in this option, only resources for R-PCFICH and R-PHICH channels do exist. Resources for R-PCFICH are 2RBs in frequency domain and fifth OFDM symbol (S5) in time domain. In addition, R-PHICH resources are in a fixed-known location in the two resource blocks (RBs).   
01 = Relay control resources are 3RBs in frequency domain and OFDM symbols S4, S5, S6 and S7 in time domain. But, the R-PDCCH channel is present with size of 2CCEs in total.
10 = Relay control resources are 8RBs in frequency domain and same OFDM symbols of S4, S5, S6 and S7 in time domain. The size of the resources for R-PDCCH channel is 8CCEs in total. 

11 = Relay control resources are 14RBs in frequency domain and same OFDM symbols of S4, S5, S6 and S7 in time domain. The size of the resources for R-PDCCH channel is 16CCEs in total.
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         Figure 2. The location of R-PCFICH, R-HICH and R-PDCCH in normal cyclic prefix subframe.
The maximum number of CCEs allocated depends on how many Relay nodes can be simultaneously scheduled in a subframe per cell which needs to be further investigated.

For Relay control search space, it is better to have just one common search space for all the connected Relay nodes as the number of CCEs is not too many anyway. This means that each relay has to scan through all the CCEs to check if it is scheduled at this subframe.
When there is Relay nodes in the cell then the RBs used for Relay control channels are not used for LTE or LTE-A PDSCH transmission, hence introducing some scheduling restrictions on the eNB scheduler.
Further more, when there are no Relay nodes in the cell then R-PCFICH/R-PHICH channels are switched off and all UEs can then be scheduled normally in all RBs in the system.

The location of the resource blocks used for Relay control channels can be determined by using the following equation:

RBindex (i) =
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Where: 

 i = 0, 1, to
[image: image3.wmf]1

max

_

-

Alloc

RB

N

 and the indices of the two default RBs are i=0 and 1.
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 is the cell ID to provide interference randomisation relating to the neighbouring cells.
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 is the downlink system bandwidth in terms of number of resource blocks (RBs).


[image: image6.wmf]Alloc

RB

N

max

_

 is the total number of RBs that has been allocated for the control channels in the current subframe which is given by R-PCFICH. 
When distributed transmission (DVRB) is configured within the component carrier, there could be a collision between the RBs given by the above equation and DVRB resources within the cell. For that reason to provide a simple integrated solution, an alternative to the above equation is to allocate the Relay control resources within the distributed resource blocks. As already specified in LTE Rel’8, the distributed resource signalling just needs the starting virtual resource block and the length in terms of number of VRBs allocated for a given user. So, for the Relay control resources, the length of the default resource blocks used for R-PCFICH and R-PHICH channels are always fixed to two VRBs and the length of the additional R-PDCCH resources will be given by the R-PCFICH channel. So, the only thing that needs to be specified is the starting virtual resource block. One simple way is to use part of the above equation which has cell specific shift as the reference signals as follows:
VRBstart =
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4 Semi-static resource allocations
In the semi-static resource allocations, R-PCFICH indication is not needed. However, in order to support scalable R-PDCCH channels, the same values carried by the R-PCFICH are needed to be broadcasted within the cell in semi-static manner.
This method is not efficient as the resource blocks are reserved even if they are not used for R-PDCCH channels.
5 Conclusion
In this contribution, we have provided further details of how to configure control resources within the subframe for LTE-Advanced system. Two ways of allocating resources for the “R-PDCCH” channel has been discussed, these are dynamic or semi-static resource allocation. The difference is that in the case of dynamic resource allocation, the exact required amount of control resources are always allocated in the subframe while in the case of semi-static allocation, the resources are reserved even if they are not used for R-PDCCH channels. 

For dynamic resource allocation, in addition to the agreed R-PDCCH channel, there seems that the same principles of Rel’8 control design can be followed by specifying new control channels of R-PCFICH and R-PHICH. 
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7  Appendix: R-PCFICH, R-PHICH and R-PDCCH channels for extended CP length.
Figure 3. The location of R-PCFICH, R-PHICH and R-PDCCH in the extended cyclic prefix subframe.
For subframes with extended cyclic prefix, the R-PCFICH indicates the size of the R-PDCCH channel and it can be interpreted as follows:

00 = Resources are 2RBs in frequency domain and OFDM symbols of S4, S5 and S6  in time domain. R-PDCCH channel do not exist in this option, only resources for R-PCFICH and R-PHICH channels do exist. Resources for R-PCFICH are 2RBs in frequency domain and fifth OFDM symbol (S5) in time domain. In addition, R-PHICH resources are in a fixed-known location in the two resource blocks (RBs).   

01 = Resources are 3RBs in frequency domain and OFDM symbols S4, S5 and S6 in time domain. But, the R-PDCCH channel is present with size of 2CCE in total.

10 = Relay control resources are 10RBs in frequency domain and same OFDM symbols of S4, S5 and S6 in time domain. The size of the resources for R-PDCCH channel is 8CCEs in total. 

11 = Relay control resources are 20RBs in frequency domain and same OFDM symbols of S4, S5 and S6 in time domain. The size of the resources for R-PDCCH channel is 16CCEs in total.
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