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1 Introduction

This contribution discusses CCE mapping of R-PDCCH based on TDM/FDM multiplexing structure. In the last RAN1#60b meeting, it was agreed that 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. Then, two separate R-PDCCH resource regions can exist in 1st and 2nd slots, respectively. The CCE mapping for R-PDCCH should take into account the fact that the number of available REs for R-PDCCH transmission is different in the 1st and 2nd slots due to the existence of PDCCH. The number of available REs for R-PDCCH is also affected by the CP length (normal vs. extended) and the RS type (CRS vs. DRS).  The R-PDCCH mapping in the two slots should be carefully designed to keep the commonality as much as possible for all the cases,. This contribution presents CCE mapping alternatives to allocate R-PDCCH resources in the 1st and 2nd slots based on TDM/FDM multiplexing of R-PDCCH and/or R-PDSCH.
2 R-PDCCH CCE mapping structure
Figure 1 shows resource mapping of R-PDCCH and R-PDSCH in a Un subframe. In the figure, all DL grants are placed in the 1st slot, as per the agreement in the last RAN1#60b meeting, and it is assumed that UL grants can be transmitted in either 1st or 2nd slot. Transmission of UL grant in the 1st slot is beneficial in view of resource utilization and blocking probability in cases that only UL grant is sent to a RN without any DL grant for the RN in the subframe. Throughout the contribution, CCE-level interleaving, instead of REG-level, is assumed in order to have simpler multiplexing structure for R-PDCCHs for different RNs and to minimize resource fragmentation due to unused REs for any R-PDCCH. In case of LTE REG-level interleaving, it is difficult to utilize all the REs in the pre-configured PRBs for R-PDCCH after interleaving, unless sufficient number of RNs are scheduled in each Un subframe. 
The followings have been taken into account in the design of R-PDCCH CCE mapping presented in subsequent sections:
· To have the same or similar CCE structure and size between normal and extended CP cases 

· To have the same or similar CCE size between 1st and 2nd slots
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Figure 1. R-PDCCH region in subframe
2.1 Alternative 1: Same CCE structure for both normal and extended CP 
· Structure
· CCE in the 1st slot

· A CCE consists of REs in the last three symbols, which are 5th~7th symbols in normal CP subframes and 4th~6th symbols in extended CP subframes
· 32 and 20 REs comprise a CCE in CRS and DM RS cases, respectively, as shown in Table 1
· CCE in the 2nd slot

· A CCE consists of REs in the first three symbols in the 2nd slot

· 28 REs comprise a CCE regardless of RS type 
· Pros

· The same CCE structure in both normal and extended CP subframes
· Cons
· Slightly different size for the R-PDCCHS sent in the 1st and 2nd slots
Table 1: CCE size for Alternative 1
	# of RE in PRB
	CRS(normal CP)
	CRS(extended CP)
	DMRS(normal CP)
	DMRS(extended CP)

	1st slot
	32
	32
	20
	20

	2nd slot
	28
	28
	28
	28
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Figure 2: Alternative 1 – Same CCE structure for both normal and extended CP
2.2 Alternative 2: The same start symbol for normal and extended CP cases 
· Structure

· CCE in the 1st slot

· A CCE consists of REs in 4th~7th symbols in normal CP subframes and 4th~6th symbols in extended CP subframes
· 44 and 32 REs comprise a CCE in CRS and DMRS cases, respectively, with normal CP
· 32 and 20 REs comprise a CCE in CRS and DMRS cases, respectively, with extended CP
· CCE in the 2nd slot 
· A CCE consists of REs in the first three symbols in the 2nd slot

· 28 REs comprise a CCE regardless of RS type

· Pros
· The starting symbol for R-PDCCH is fixed regardless of the CP length
· Cons
· CCE size varies significantly depending on the CP length and RS type
 Table 2: CCE size for Alternative 2
	# of RE in PRB
	CRS(normal CP)
	CRS(Extend CP)
	DMRS(normal CP)
	DMRS(Extended CP)

	1st slot
	44
	32
	32
	20

	2nd slot
	28
	28
	28
	28
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Figure 3: Alternative 2 – The same start symbol for normal and extended CP cases
2.3 Alternative 3: Same CCE size in all cases
· Structure

· CCE in the 1st slot

· For CRS type: a CCE consists of REs in 4th and 5th symbols for both normal and extended CP cases
· For DMRS type: a CCE consists of REs in the last three symbols, which are 5th~7th symbols in normal CP subframes and 4th~6th symbols in extended CP subframes

· 20 REs comprise a CCE for all cases

· CCE in the 2nd slot

· A CCE consists of REs in the first two symbols 
· 20 REs comprise a CCE for all cases

· Pros
· Simpler rate matching and CCE aggregation for R-PDCCH due to the same CCE size for all cases
· Cons
· More complex multiplexing structure between R-PDCCH and R-PDSCH due to the last symbols not used for R-PDCCH in the 1st slot
 Table 3: CCE size for Alternative 3
	# of RE in PRB
	CRS(normal CP)
	CRS(Extend CP)
	DMRS(normal CP)
	DMRS(Extended CP)

	1st slot
	20
	20
	20
	20

	2nd slot
	20
	20
	20
	20
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Figure 4: Alternative 3 – Same CCE size in all cases
2.4 Alternative 4: Same CCE size between 1st and 2nd slots for an RS type
· Structure

· CCE in the 1st slot

· For CRS type: 4 REs in the 5th symbol below CRS REs are punctured compared to Alternative 1, resulting to 28 REs
· For DMRS type: a CCE consists of REs in the last three symbols, resulting to 20 REs
· CCE in the 2nd slot

· For CRS type: a CCE consists of REs in the first three symbols, resulting to 28 REs
· For DMRS type: a CCE consists of REs in the first two symbols, resulting to 20 REs
· Pros
· Simpler rate matching and CCE aggregation due to same size of CCE between 1st slot and 2nd slots in respective CP cases
· Cros
· 4 REs are wasted in the 1st slot for CRS type R-PDCCH
Table 4: CCE size for Alternative 4
	# of RE in PRB
	CRS(normal CP)
	CRS(Extend CP)
	DMRS(normal CP)
	DMRS(Extended CP)

	1st slot
	28
	28
	20
	20

	2nd slot
	28
	28
	20
	20
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Figure 5: Alternative 4 – Same CCEs size between 1st and 2nd slot
3 Conclusion

This contribution presented and compared design alternatives for R-PDCCH CCE mapping based on TDM/FDM multiplexing structure. In order to allow for simple implementation for R-PDCCH rate matching, CCE aggregation, R-PDCCH detection, etc., it is desirable to have the same or similar CCE structure and size, regardless of the CP length and RS type for R-PDCCH. In this perspective, Alternatives 1 and 3 are preferable.
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