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1 Introduction

In [1], it was agreed that the actual resources used for R-PDCCH transmission within the semi-statically assigned PRBs may vary dynamically between sub-frames. As a result, it seems necessary that the relay node will have to perform a number of blind decodings of the R-PDCCH, in order to find out the actual PRBs used for R-PDCCH transmission for that relay node within the semi-statically assigned PRBs in each backhaul sub-frame. Therefore, to reduce the number of blind decodings is an important requirement.
On the other hand, it is agreed in RAN1#59Bis that both frequency distributed and frequency localized R-PDCCH placement are supported [8]. This agreement enables that both frequency diversity (FD) and frequency selective (FS) R-PDCCH transmissions [5] are supported for relay backhaul subframes in LTE-A, and therefore, reasonable methods of achieving practical number of blind decodings are necessary for both FD and FS R-PDCCH transmissions.
This contribution investigates possible blind decoding reduction methods for each relay’s R-PDCCH when trying to find out the actual PRBs used for its FD or FS R-PDCCH transmission.
2 Blind decodings for FD and FS R-PDCCH transmissions
According to the current agreement, the actual resources for R-PDCCH transmission may change dynamically on subframe by subframe. Therefore, one of the solutions to achieve this dynamic change of the actual R-PDCCH resources is that relay node to perform a number of blind decodings within the semi-statically assigned PRBs.  

During the blind decodings, each relay node will try different combinations of PRBs in each attempt within the semi-statically assigned PRBs. It is not desirable that the relay node tries all possible combinations of PRBs as this increases the number of blind decodings resulting increase of complexity and decoding delay. Therefore, in order to reduce the number of blind decodings, the semi-statically assigned PRBs can be divided into one or more subset(s) and the relay node attempts the blind decodings based on the PRBs in the subsets. The actual methods to specify the subsets are FFS. 
2.1 For FD R-PDCCH transmission 
In this case it is suggested to define a list of subsets within the semi-statically assigned PRBs used for R-PDCCH transmission between the eNB and the relay nodes. eNB inserts the interleaved R-PDCCHs into one of the predefined  subsets and Relay nodes perform blind decoding to find out the actual subset eNB has used it. For example as shown in Figure 1 below with a 5MHz bandwidth (i.e. 25PRBs) the number of semi-statically allocated PRBs used for R-PDCCH may be set as the following eight PRBs: 

· PRB indices = {0, 3, 6, 9, 13, 16, 19, 22}

And three subsets are defined as follows: 

· Subset 1, 8PRB indices {0, 3, 6, 9, 13, 16, 19, 22}  

· Subset 2, 4PRB indices = {0, 3, 13, 16}  

· Subset 3, 2PRB indices = {0, 13}
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A relay node assigned to receive its R-PDCCH channel on a Frequency diversity R-PDCCH transmission would then perform the blind decoding firstly by trying to decode subset 1 and if that does not decode, then by trying to decode subset 2 and if that does not decode then by trying to decode subset 3. If none of the blind decodings work, then the relay node concludes that in this sub-frame it does not have any R-PDCCH channel for it. If a decoding does work, then the relay node recovers the R-PDCCH channel from the decoded resources and receives its data in the R-PDSCH channel. In this manner, the subset assigned to the relay nodes can be dynamically changed on subframe by subframe.
      Figure 1 Example of subsets for FD R-PDCCH transmissions in the cell.
2.2 For FS R-PDCCH transmission
In this case it is suggested to define only one subset upon which each relay node can do the blind decoding satisfactorily. It is preferable that this subset is the same as the first subset (i.e. the largest subset – Subset 1) defined for the case of FD R-PDCCH transmission. For example as shown in Figure 2 below with a 5MHz bandwidth (i.e. 25PRBs) the number of semi-statically allocated PRBs used for R-PDCCH may be set to the following eight PRBs:

· PRB indices = {0, 3, 6, 9, 13, 16, 19, 22}

And one subset is defined as follows:

· Subset 1, 8PRB indices {0, 3, 6, 9, 13, 16, 19, 22}  
A relay node assigned to receive its R-PDCCH channel on a Frequency selective R-PDCCH transmission would then perform the blind decoding firstly by trying to decode PRB index 0 separately, then PRB index 3 etc. until the last PRB index 22 in the subset marked with yellow colour. It is also possible to aggregate two close-by PRBs or more within the subset in each sub-frame as shown on Figure 2. The actual aggregation levels are FFS.
If none of the blind decodings work, then the relay node concludes that in this sub-frame it does not have any R-PDCCH channel for it and so it takes no further action in respect of the current sub-frame. If a decoding does work, then the relay node recovers the R-PDCCH channel from the decoded resources and receives its data in the R-PDSCH channel. The aggregation level for each relay node depends on the channel condition and can be dynamically changed on subframe by subframe.
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        Figure 2 Example of aggregation levels for FS R-PDCCH transmissions in the cell.
2.3 For co-existence of FD and FS R-PDCCH transmissions in the same subframe

Based on the concept described in the previous sections, it should be possible to support both FD and FS in the same backhaul subframe. For example the Figure 3 below shows an example of how the FD and FS R-PDCCH transmissions for different relay nodes can be multiplexed onto the semi-statically assigned PRBs in the same backhaul subframe of the cell (i.e. same donor eNB). The bandwidth is 5MHz (i.e. 25PRBs) and the number of semi-statically allocated PRBs used for R-PDCCH may be set as the following eight PRBs:

· PRB indices = {0, 3, 6, 9, 13, 16, 19, 22}

Three subsets for FD R-PDCCH transmission are defined as follows: 

· Subset 1, 8PRB indices {0, 3, 6, 9, 13, 16, 19, 22}  

· Subset 2, 4PRB indices = {0, 3, 13, 16}  

· Subset 3, 2PRB indices = {0, 13}

And one subset for FS R-PDCCH transmission is defined as follows:

· Subset 1, 8PRB indices {0, 3, 6, 9, 13, 16, 19, 22}  
In this example, each relay node is signalled in advance to monitor FD or FS R-PDCCH transmission. RN2, RN3, RN6, RN8, RN9 and RN10 are configured to receive FD R-PDCCH transmission and will find their R-PDCCHs in the PRBs marked with red colours in each backhaul subframe. RN1, RN4, RN5 and RN7 are configured to receive FS R-PDCCH transmission and will find their R-PDCCHs in the PRBs marked with the yellow colours in each backhaul subframe. 
In this manner, the subset assigned to the relay nodes with FD R-PDCCH transmission and the aggregation level for each relay node with FS R-PDCCH transmission can be dynamically changed subframe by subframe.


       Figure 3 Example of co-existence of FD and FS R-PDCCH transmissions in the same subframe of the cell.
In the above example, the largest subset (Subset 1) includes all the PRBs that are semi-staticaly allocated for R-PDCCH transmission. However, it is possible that the number of semi-statically allocated PRBs is larger than the number of PRBs in the largest "Subset" described above. In this case, the semi-statically assigned PRBs for R-PDCCH transmission can be divided into two or more smaller distinct groups to achieve more flexibility of resource assignment for each relay node. Then, each relay node would be semi-statically assigned from a higher layer to one of these PRB groups. As one possible situation, some relay nodes may be expected to serve many users in urban area whereas other relay nodes in domestic locations may be simpler and may only be intended to serve a few users. In this case, the simpler relay node may be assigned to a smaller group of PRBs – so that its search space for the blind decodings is small. 
From the above technical discussions and solutions, it should be possible to:
· Change the actual resources used for R-PDCCH transmission dynamically (i.e. on subframe by subframe) and find them by using blind decoding at the relay nodes.
· Support the co-existence of FD and FS R-PDCCH transmissions in the same subframe.

· Reduce the number of blind decodings at the relay nodes by dividing the semi-statically assigned PRBs into a number of subsets and performing blind decodings based on the PRBs in the subsets.

3 Conclusion
In this contribution, we have investigated the blind decoding reduction methods for each relay’s R-PDCCH in order to find out the actual PRBs used for its FD or FS R-PDCCH transmission. The followings are suggested:
· To change the actual resources used for R-PDCCH transmission dynamically (i.e. on subframe by subframe), and blind decoding at the relay is performed. 

· To support the co-existence of FD and FS R-PDCCH transmissions in the same subframe of the cell.

· In order to reduce the number of bind decodings, the semi-statically assigned PRBs are divided into subsets and the relay node attempts the blind decodings based on the PRBs in the subsets.
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