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1 Introduction

In RAN1#60Bis and 61, R-PDCCH multiplexing was discussed and the following was agreed: 

In RAN1#60Bis, the following is agreed:
· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS

In RAN1#61, the following is agreed:
· UL grants are only transmitted in the second slot (never in the first slot)
· No data transmission in the first slot 

· FFS in case of SPS (await news from RAN2)
· Boundary between UL and DL grants is at the slot boundary. 
In DMRS case and CRS without R-PDCCH interleaving, there are still some open issues to be finalised, such as search space design, number of blind decodings and RE mapping. This contribution discusses these open issues and provides our view at the end.

2 Details of the DMRS and CRS without interleaving 
Based on the above agreement, in DMRS case the DL grant and the UL grant in a PRB pair shall be for the same RN in order to exploit the frequency selectivity of the channel. However, in practice, this is also applicable to the CRS without R-PDCCH interleaving. Therefore, in order to achieve a similar design and treatment of these two cases, for example same RE mapping and blind decodings, it is necessary to amend the above agreement. Hence, we have the following proposal:
· In DM RS case and CRS without R-PDCCH interleaving, the DL grant and UL grant in a PRB-pair shall be for the same RN

· No REs in such a PRB-pair can be used for a different RN

2.1 Search space design for the non-interleaved R-PDCCH
In the search space design, the relay node has to perform blind decoding by trying to decode one PRB separately through all the semi-statically assigned PRBs in the first slot of the subframe, in order to find the DL grants. It is also possible to aggregate two or more PRBs depending on the payload and radio channel conditions. Similarly for the second slot, the relay node has to perform blind decoding by trying to decode one PRB separately or more aggregated PRBs in the subframe in order to find the UL grants. In this manner, the number of blind decoding increases with the number of semi-statically assigned PRB-pairs, i.e. the search space, which is not desirable as the complexity of the receiver will increase. Therefore, we have to find the maximum number of semi-statically assigned PRB-pairs that can be allowed and allocated for R-PDCCH transmission. 

On the issue of finding the maximum number of semi-statically assigned PRB-pairs, we considered a smaller number of sets of 2, 4, 6, 8, 10 and 12PRB-pairs for both DL grants in the first slot and UL grants in the second slot of the subframe. Table 1 below shows the minimum and maximum BDs for one DCI format. It can be seen from the table that the maximum blind decoding relates to the largest set of 12PRBs, that is for two DL DCI formats = 2x22 = 44BDs and for one UL DCI format = 22BDs. Therefore, as this maximum number of BDs is equal or less than to that of Rel’10 UE in single component carrier, the number of semi-statically assigned PRB-pairs must be upper-limited by this number of 12PRBs.
 Table 1. Minimum and maximum BDs for one DCI format.

	Semi-statically assigned of 2PRBs 
	…
	Semi-statically assigned of 12PRBs 

	· 2 BDs for 2PRBs  (i.e. making 1R-CCE aggregation level per BD)
· 1 BD for 2PRBs (i.e. making 2R-CCEs aggregation level per BD) 
	…
	· 12 BDs for 12PRBs (i.e. making 1R-CCE aggregation level per BD)
· 6 BDs for 12PRBs (i.e. making 2R-CCEs aggregation level per BD)
· 3 BDs for 12PRBs (i.e. making 4R-CCEs aggregation level per BD)
· 1 BD for 8PRBs (i.e. making 8R-CCEs aggregation level per BD)

	Total  BDs =  3 
	…
	Total  BDs = 22


For the signalling part, a set of semi-statically assigned PRB-pairs has to be configured via RRC signalling to the relay nodes. In addition, the location of the semi-statically assigned PRB-pairs (i.e. same for the first slot and second slot) in the subframe 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 PRB-pairs, we think that applying a bit-mapping method for the system-wide PRB-pairs gives a sufficient flexibility.
Further more, if the number of relay nodes in the cell is large, it shall be possible to group the relay nodes. Each group of relay nodes should be able to monitor separate semi-statically assigned PRB-pairs in the subframe. Therefore, we have the following additional proposals:
· We propose a smaller number of sets of 2, 4, 6, 8, 10 and 12PRB-pairs are available for the DL grants and the UL grants in the subframe.
· There must be one set of semi-statically assigned PRB-pairs for the DL grants and the UL grants in the subframe configured via RRC signalling to each relay node.

· Bit-mapping method will be applied to identify the location of the semi-statically assigned PRB-pairs within the operating system bandwidth.

· If the number of relay nodes in the cell is large, it shall be possible to group the relay nodes and each group of relay nodes should be able to monitor separate semi-statically assigned PRB-pairs in the subframe.
2.2 Resource Element (RE) mapping
In DMRS case and CRS without R-PDCCH interleaving, the number of available REs per PRB for R-PDCCH transmission is dependant on several system parameters as follows:
· Subframe type: whether the subframe is normal or MBSFN subframe.
· Number of antenna ports: Number of antenna ports deployed at the donor eNB (i.e. CRS and CSI RS).
· RS type combinations: Whether Rel’8 CRS+CSI RS, or CRS +DMRS+CSI RS or DMRS+CSI RS are present.

· 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.
In order for the relay node to be able to work out the exact locations of the REs carrying the R-PDCCH transmission, it has to acquire and apply these system parameters, which means that the location and size of the REs are variable. For the RS type combinations, three different configurations are possible for the PRB-pairs carrying the R-PDCCH, these are Rel’8 CRS+CSIRS, CRS+DMRS+CSIRS and DMRS+CSIRS. In order to reduce the number of configurations, it is preferable to only allow two configurations of Rel’8 CRS+CSIRS and DMRS+CSIRS, and disallow CRS+DMRS+CSIRS configuration, meaning that placing DMRS on the PRB-pairs carrying the R-PDCCH in the normal subframes is not permitted. Based on these two configurations, Table 2a through 2d shows that the available REs per PRB in the first slot and the second slot of the subframe for both normal and extended CP lengths. It can be seen from the tables that the number of available REs per PRB in the first slot is less than the Rel’8 control channel element (CCE) size of 36REs in some configurations marked with red colour. This makes our design slightly complicated as it necessitates the adoption of different solutions when the number of available REs per PRB is less than 36REs and when they are greater or equal to 36REs.
In the case of R-PDCCH transmission in the first slot, the solution which has least impact is that if the available number of REs per PRB is smaller than 36REs, then we use aggregation level 2 (i.e. 2PRBs) instead of aggregation level 1..
In the case of R-PDCCH transmission in the second slot, the number of available REs per PRB is always more than 36REs even when the last OFDM symbol is not available for R-PDCCH transmission. Therefore, in order to utilise all available REs in the PRB, rate-matching has to be applied. Therefore, from this section, we have the following proposals:

· For the RS type combinations for R-PDCCH, CRS+DMRS+CSIRS configuration must be disallowed on the PRB-pairs carrying the non-interleaved R-PDCCH transmission.
· If the number of available REs per PRB in the first slot is less than Rel’8 CCE size of 36REs, 2PRBs (i.e. aggregation level 2) has to be applied, meaning that rate-matching has to be applied to all the available REs in the 2PRBs.

· If the number of available REs per PRB in the second slot is more than Rel’8 CCE size of 36REs, then rate-matching has to be applied to all the available REs in the PRB.

 Table 2a. Number of available REs per PRB in the first slot with normal cyclic prefix length. 

     (Red colour shows less than 36 REs and black colour shows greater than 36REs).
	CRS+CSI RS configured 
	DMRS+CSI RS  configured 

	2Tx:4x12-4(CRS)-2(CSI RS) = 42REs
	2Tx:4x12-4(CRS)-2(CSI RS)-6(DMRS)+4(CRS) = 40REs 

	4Tx:4x12-4(CRS)-4(CSI RS) = 40 REs 
	4Tx:4x12-4(CRS)- 4(CSI RS)-12(DMRS)+4(CRS) = 32REs

	8Tx:4x12-4(CRS)-8(CSI RS) = 36 REs 
	8Tx:4x12-4(CRS)- 8(CSI RS)-12(DMRS) 4(CRS) = 28REs


 Table 2b. Number of available REs per PRB in the second slot with normal cyclic prefix length.
	CRS+CSI RS configured 
	DMRS+CSI RS configured 

	2Tx: 7x12-8(CRS)-2(CSI RS) = 74REs
	2Tx:7x12-8(CRS)-2(CSI RS)-6(DMRS)+8(CRS)= 76REs

	4Tx: 7x12-12(CRS)-4(CSI RS) = 68REs
	4Tx:7x12-12(CRS)-4(CSI RS)-12(DMRS)+12(CRS)= 68REs

	8Tx: 7x12-12(CRS)-8(CSI RS) = 64REs
	8Tx:7x12-12(CRS)-8(CSI RS)-12(DMRS)+12(CRS)= 64REs


 Table 2c. Number of available REs per PRB in the first slot with extended cyclic prefix length.
	CRS+CSI RS configured 
	DMRS+CSI RS configured 

	2Tx:3x12-4(CRS)-2(CSI RS) = 30REs
	2Tx:3x12-4(CRS)-2(CSI RS)-8(DMRS)+4(CRS) = 26REs 

	4Tx:3x12-4(CRS)-4(CSI RS) = 28 REs 
	4Tx:3x12-4(CRS)- 4(CSI RS)-8(DMRS)+4(CRS) = 24REs

	8Tx:3x12-4(CRS)-8(CSI RS) = 24 REs 
	8Tx:3x12-4(CRS)- 8(CSI RS)-8(DMRS)+4(CRS) = 20REs


 Table 2d. Number of available REs per PRB in the second slot with extended cyclic prefix length.
	CRS+CSI RS configured 
	DMRS+CSI RS configured 

	2Tx: 6x12-8(CRS)-2(CSI RS) = 62REs
	2Tx:6x12-8(CRS)-2(CSI RS)-8(DMRS)+8(CRS) = 62 REs 

	4Tx: 6x12-12(CRS)-4(CSI RS) = 56REs
	4Tx:6x12-12(CRS)-4(CSI RS)-12(DMRS)+12(CRS) = 56REs

	8Tx: 6x12-12(CRS)-8(CSI RS) = 52REs
	8Tx:6x12-12(CRS)-8(CSI RS)-12(DMRS)+12(CRS) = 52REs


3 Conclusion
In this contribution, we have discussed the remaining issues of non-interleaved R-PDCCH with DMRS and CRS, such as search space design, number of blind decodings and RE mapping. We have the following proposals: 

Proposal 1: In DM RS case and CRS without R-PDCCH interleaving, the DL grant and UL grant in a PRB-pair shall be for the same RN

· No REs in such a PRB-pair can be used for a different RN

Proposal 2: We propose smaller sets of semi-statically assigned PRB-pairs of 2, 4, 6, 8, 10 and 12PRB-pairs are available for the DL grants and the UL grants in the subframe.

Proposal 3: There must be one set of semi-statically assigned PRB-pairs for the DL grants and the UL grants in the subframe configured via RRC signalling to each relay node.

Proposal 4: Bit-mapping method should be applied to identify the location of the semi-statically assigned PRB-pairs within the operating system bandwidth.

Proposal 5: If the number of relay nodes in the cell is large, it shall be possible to group the relay nodes and each group of relay nodes should be able to monitor separate semi-statically assigned PRB-pairs in the subframe.
Proposal 6: 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 non-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 7: For the RS type combinations for R-PDCCH transmission, CRS+DMRS+CSIRS configuration must be disallowed on the PRB-pairs carrying the non-interleaved R-PDCCH transmission.
Proposal 8: If the number of available REs per PRB in the first slot is less than Rel’8 CCE size of 36REs, 2PRBs (i.e. aggregation level 2) has to be applied, meaning that rate-matching has to be applied to all the available REs in the 2PRBs.

Proposal 9: If the number of available REs per PRB in the second slot is more than Rel’8 CCE size of 36REs, then rate-matching has to be applied to all the available REs in the PRB.
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