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1. Introduction

In Rel-8, the concept of PDCCH CCE and REG is wildly used for PDCCH specification description, interleaving, PUCCH resource linkage and etc. Here, we discuss the concept of Relay CCE which can be used for R-PDCCH transmission and mapping, and Relay REG which can be useful for description of R-PDCCH interleaving in CRS demodulation case.
2. Relay CCE in backhaul transmission
In Rel-8, one CCE (control channel element) consists of 36 REs which are not including RS RE(s) in between them in PDCCH region. The CCE is distributed over entire PDCCH region (time-frequency) in REG basis (i.e. REG unit interleaving) and there’s nothing special to restrict the size of CCE except for its performance aspects. In backhaul transmission, however following properties need to be considered in R-PDCCH design [1];

· R-PDCCH will be placed on the macro UEs’ PDSCH region. 
· R-PDCCH DL grant is located only on the first slot of a PRB pair 
· R-PDCCH UL grant is located only on the second slot of a PRB pair

· The number of available REs in the first slot is different from that in the second slot.
· DL grant interleaving in the first slot are interleaved independent of UL grant interleaving in the second slot.

· The channel quality of backhaul link is almost stable.
The consideration points above finally imply that CCE and/or REG of R-PDCCH can be designed differently compared to that of REl-8. Especially, if DM RS only pattern (in MBSFN subframe), DM RS+CRS pattern, CRS only pattern, the number of DM RS/CRS ports, and the CP length are taken into consideration, too many Cases may be supported for optimization, which leads to increase of system operational complexity. Therefore, 4 main cases which are categorized only by both CP length and RS type are considered, where the number of available REs usable for R-PDCCH transmission in the first and second slot is derived in the Table 1 and is depicted Figure 1, 2, 3 and 4. We note that the DM RS pattern and the maximum rank are not decided for the extended CP case yet and the DM RS pattern depicted in Figure 3 is just an example for explanation.
4 Cases for R-PDCCH CCE sizes regardless of interleaving:

· Case 1: Normal CP with CRS+DM RS

· Case 2: Normal CP with CRS only
· Case 3: Extended CP with CRS+DM RS

· Case 4: Extended CP with CRS only
Table 1: The number of available REs for R-PDCCH
	
	CRS+ DM RS
	CRS only

	Normal CP
	1st slot
	32
	44

	
	2nd slot
	60
	72

	Extended CP
	1st slot
	24
	32

	
	2nd slot
	52
	60
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	Figure 1: Normal CP, CRS+DM RS case 

(32REs [1st slot], 60REs [2nd slot])
	Figure 2: Normal CP, CRS only case 

(44REs [1st slot]), 72REs [2nd slot])
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	Figure 3: Extended CP, CRS+DM RS case 

(24REs [1st slot], 52REs [2nd slot])
	Figure 4: Extended CP, CRS only case 

(32REs [1st slot]), 60REs [2nd slot])


As shown before, the number of available REs in a slot varies depending on which type of cyclic prefix is used for or which type of RS is used for R-PDCCH demodulation. Case 1 and 3 are for the RNs that are configured to use DM RS, and Case 2 and 4 are for the RNs that are configured to use CRS. Considering the properties aforementioned, it is desired that the different sizes of R-CCE are defined and optimized to the Cases. Even though the number of available REs in the second slot is much larger than that in the first slot, we see no reason to split available REs into two parts, e.g. 30REs + 30REs (in Case 1).
CCE sizes to be supported for each Case:

· Case 1: Normal CP with CRS+DM RS

· One CCE in the first slot = 32 REs
· One CCE in the second slot = 60 REs
· Case 2: Normal CP with CRS only
· One CCE in the first slot = 44 REs
· One CCE in the second slot = 72 REs
· Case 3: Extended CP with DM RS

· One CCE in the first slot = 24 REs
· One CCE in the second slot = 52 REs
· Case 4: Extended CP with CRS

· One CCE in the first slot = 32 REs
· One CCE in the second slot = 60 REs
In addition to the Cases above, we could consider the variation of TX antenna configuration (e.g. 2 TX or 4 TX), but if it’s considered, the number of CCE sizes to be supported mandatorily increases double. Therefore to prevent the increased number of Cases, the amount of RS overhead is calculated based on the maximum number of TX antennas, i.e. 4.
Proposal#1: 
· Different sizes of CCEs are defined according to the CP length and the configured RS type, and the same CCR size is applied regardless of whether to use interleaving or not.
3. Relay REG for interleaving in backhaul transmission
To support Rel-8 REG level-like interleaving operation, a kind of interleaving unit like such an REG would be somehow defined. If the interleaving is decided to support, it is desirable that Relay REG concept on top of Relay CCE is introduced as well. Also in order to support diversity scheme for R-PDCCH transmission, the REs for REG should be well-grouped, i.e. precoded symbol should be well-mapped to physical REs over time-frequency domain. In addition, the REG indexing method should be decided whether to use Rel-8 indexing method or newly designed one. Figure 5 shows an example how each REG is constituted by REs.
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Figure 5: REG constitution for R-PDCCH region
Proposal#2: 

· Reuse of 4RE REG concept as introduced in Rel-8 

· Reuse of Rel-8 REG indexing if no problem is found
4. Conclusion
We discuss the concept of Relay CCE which is used for R-PDCCH transmission and mapping, and Relay REG which can be useful for description of R-PDCCH interleaving in CRS demodulation case. The maximum RS overhead in each case (i.e. full antenna configuration, full DM or CRS port configuration) is assumed in the calculation of available REs and in defining CCE. 
Finally, the following points are proposed;
Proposal: 

· Different sizes of CCEs are defined according to the CP length and the configured RS type and the same CCE size is applied to each case regardless of whether to use interleaving. 
· Case 1: Normal CP with CRS+DM RS

· Case 2: Normal CP with CRS only

· Case 3: Extended CP with CRS+DM RS

· Case 4: Extended CP with CRS only
· Reuse of Rel-8 REG concept is desirable in case of R-PDCCH interleaving.

· 4RE REG configuration as introduced in Rel-8.
· Rel-8 REG indexing mechanism.
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