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1 Introduction

In the last meeting RAN1#61Bis, two WFs in R1-104223 and R1-104236 relating R-PDCCH interleaving with CRS were discussed and the following agreement was reached:

· For R-PDCCH interleaving with CRS, the following are both supported by the specifications: 
· Rel-8 based REG-level interleaving where the (RN specific) set of semi-statically assigned PRBs determines the virtual system bandwidth used for blind decoding 

· A limited set of not more than 18 interleaving depths (measured in number of PRBs) is supported (in total for UL and DL) 

· Exact set is FFS 

· Each RN searches only one set of assigned PRBs for R-PDCCHs 

· No interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving) 

· (same as DMRS “mode 2”) 

· Optionality from implementation perspective will be discussed separately.
Based on the above agreement, there are some remaining details that need to be discussed and finalised for R-PDCCH interleaving with CRS. These are the interleaving depths, definition of the search space and resource element (RE) mapping. This contribution addresses these items and provides our view.
For the case of “No interleaving across R-PDCCHs in a PRB” with CRS and DMRS, our view is provided in the accompanying contribution [5].
2 Details of the R-PDCCH Interleaving
Interleaving of R-PDCCHs for different Relay nodes within the semi-statically assigned PRBs resources was agreed in the last meeting. In the agreement, the number of supported interleaving depths, measured in number of PRBs, should not be more than 18 in total which are applicable for both DL grants and UL grants in the subframe. This means that 18 sets can be defined at maximum for all the system bandwidths. 
One way to define the sets is to convert the number of available CCEs in Rel’8 PDCCH for each system bandwidth to equal or approximate number of PRBs, assuming some specific system parameters, for example: normal CP length subframe with different number of OFDM symbols (i.e. 1, 2 and 3), 2Tx antenna ports and PHICH size of Ng=2. Table 1 below gives some interleaving depths for each system bandwidth, but, not all values are a direct conversion of the CCEs of the related system bandwidth. For example the smaller system bandwidth of 1.4MHz has three different sets (2, 4 and 6) while the larger system bandwidth of 20MHz has 9 different sets. One property that has been employed in the table is that the sets defined for smaller bandwidths are the subsets of the sets defined for the larger system bandwidth which reduces the total number of interleaving depths (i.e. to 9 unique sets) supported for LTE Rel’10 system.
Table 1. Initial proposal of number of interleaving depths for different system bandwidths.
	System BW 
	Proposed number of interleaving depths measured in PRBs (i.e. sets) 

	1.4 MHz 
	2 
	4 
	6 
	
	
	
	
	
	
	

	3 MHz 
	2 
	4 
	6 
	8 
	12 
	
	
	
	
	

	5 MHz 
	2 
	4 
	6 
	8 
	12 
	16 
	
	
	
	

	10MHz 
	2 
	4 
	6 
	8 
	12 
	16 
	20 
	
	
	

	15MHz 
	2 
	4 
	6 
	8 
	12 
	16 
	20 
	40 
	
	

	20MHz 
	2 
	4 
	6 
	8 
	12 
	16 
	20 
	40 
	60 
	


For the signalling part in Rel’10, one set of semi-statically assigned PRBs has to be configured via RRC signalling for all of the active relay nodes to determine the virtual bandwidth used for blind decoding. In addition, the location of the semi-statically assigned PRBs in the first slot and the second slot of the operating system bandwidth has to be identified for the relay nodes. Although there could be different ways of signalling the location of the semi-statically assigned PRBs, we think that a bit-mapping method for the system-wide PRBs gives sufficient flexibility.
One further issue relating to the signalling part is whether the set configured for the DL grants in the first slot will be the same size as the set for UL grants in the second slot of the subframe. Because the number of available REs per PRB for R-PDCCH transmission in the first slot is less than those available in the second slot of the same subframe, for a given R-PDCCH data size, the R-PDCCH transmission in the first slot will spread over more PRBs than the second slot of the subframe. So, if we apply equal set, there will be wasted resources in the second slot as the unused resources can not be reused for R-PDSCH as long as there is one interleaved R-PDCCH transmitted to a given Relay node. Therefore, it is preferable to apply unequal sets for the DL grants and UL grants at least for R-PDCCH interleaved with CRS as follows:

· There must be separate semi-statically assigned PRBs for DL grants in the first slot of the subframe.

· There must also be separate semi-statically assigned PRBs for UL grants in the second slot of the subframe.

· The semi-statically assigned PRBs in the second slot must be a subset of semi-statically assigned PRBs in the first slot, so that they occupy same PRB-pairs as shown on Figure 1 below.
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Figure 1. The PRBs for UL grants in the second slot are the subsets of PRBs in the first slot of the same subframe.
2.1 Search space design for the interleaved R-PDCCH 
Some of the sets defined in Table 1 are quite large, especially for larger system bandwidths; therefore in order to limit the number of blind decodings (BDs) to an acceptable level, it is proposed here to reuse the same search space as Rel’8 LTE system as follows:
· UE specific search space described in TS36.213 section 9.1 has to be reused.
· Both common and specific search spaces can be supported if needed for Relay nodes in Rel’10.
· Independent search spaces for the first slot and the second slots.
· Number of BDs for the first slot will be same as Rel’10 UE (44/60BDs).
In addition, in order the control channel to be reliable and robust in different radio channel conditions, it is recommended here that all the Rel’8 aggregation levels are supported (i.e. 1, 2, 4 and 8) for the interleaved R-PDCCH with CRS.
2.2 Resource Element (RE) mapping
The R-PDCCHs for different relay nodes should be multiplexed, interleaved and then mapped to resource elements (REs) within the semi-statically assigned PRBs for R-PDCCH transmission. It is straight forward to apply same multiplexing and interleaving as in Rel’8 system defined in TS 36.211 section 6.8. However, some slight modifications may be needed for RE mapping, for example the mapping of a block of quadruplets to resource elements can be done in frequency-first or time-first mapping.

Further more, the number of available REs per PRB for the interleaved R-PDCCH transmission is dependant on several system parameters as follows:

· Subframe type: whether the subframe is normal or MBSFN subframe.

· RS type combinations: whether Rel’8 CRS+CSI RS or CRS+DMRS+CSI RS are present.

· Number of antenna ports: Number of antenna ports deployed at the donor eNB (i.e. CRS and CSI RS).

· Cyclic prefix type: whether the subframe is with normal or extended cyclic prefix length.
· DL timing: whether the last OFDM symbol of the subframe is available for R-PDCCH transmission.
Therefore, in order the relay node to be able to work out the exact locations of the REs for the interleaved R-PDCCH transmission, it has to acquire and apply these above system parameters which mean that the location and size of the REs are variable. This makes the time-first mapping difficult to apply compared to the frequency-first mapping especially when the last OFDM symbol of the subframe is not available for R-PDCCH transmission. Therefore, it seems simpler to apply the frequency-first mapping where the interleaved R-PDCCHs are placed on the available REs of the first OFDM symbol across all the semi-statically assigned PRBs in frequency domain, then the second OFDM symbol and so on.
Further more, for the RS type combinations, two different configurations are possible for the PRB-pairs carrying the interleaved R-PDCCH transmission, these are Rel’8 CRS+CSIRS and CRS+DMRS+CSIRS. In order to reduce the number of configurations, it is preferable disallow CRS+DMRS+CSIRS, meaning that placing DMRS on the PRB-pairs carrying the R-PDCCH in the normal subframes is not permitted.
3 Conclusion
In this contribution, we have discussed the remaining details of the R-PDCCH interleaving with CRS such as the interleaving depths, search space design and resource element (RE) mapping. We have the following proposals: 

Proposal 1: Interleaving depths or sets in Table 1 can be adopted for Rel’10.
Proposal 2: There must be separate semi-statically assigned PRBs for DL grants in the first slot of the subframe.

Proposal 3: There must also be separate semi-statically assigned PRBs for UL grants in the second slot of the subframe.

Proposal 4: The semi-statically assigned PRBs in the second slot must be a subset of semi-statically assigned PRBs in the first slot, so that they occupy same PRB-pairs.
Proposal 5: Bit-mapping method should be applied to identify the location of the semi-statically assigned PRBs within the operating system bandwidth.

Proposal 6: It is proposed to reuse same Rel’8 search space design:
· UE specific search space described in TS36.213 section 9.1 has to be reused.
· Both common and specific search spaces can be supported if needed for Relay nodes in Rel’10.
· Independent search spaces for the first slot and the second slots.
· Number of BDs for the first slot will be same as Rel’10 UE (44/60BDs).
· In order the control channel to be robust and reliable in different radio channel conditions, it is recommended that all the Rel’8 aggregation levels are supported (i.e. 1, 2, 4 and 8).
Proposal 7: In order the relay node to be able to work out the amount of available REs and their exact locations in each PRB for the interleaved R-PDCCH transmission, Relay node has to apply the following system parameters: subframe type, number of antenna ports, RS type combinations, cyclic prefix type and DL subframe timing.

Proposal 8: It is proposed to apply same multiplexing and interleaving as in Rel’8 LTE system defined in TS 36.211 section 6.8. 

· RE mapping should be done in frequency-first mapping.

Proposal 9: For the RS type combinations for R-PDCCH, CRS+DMRS+CSIRS configuration must be disallowed on the PRB-pairs carrying the interleaved R-PDCCH transmission.
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