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1. Introduction

In the last meeting, there’s an agreement on interleaving depths as shown below [1]; 


[image: image1]
Based on the agreement, further details on R-PDCCH CCE and REG are discussed based on Rel-8 CCE and REG concept.
2. R-PDCCH CCE (R-CCE)
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 one size of CCE is finally adopted. In backhaul transmission, there are several properties which need to be considered in design of R-CCE [1]. One of them is that R-PDCCH is demodulated by either CRS or DM RS and each of them has different number of RE elements. Roughly speaking, one can say it impacts on the number of R-CCE RE elements. However, there can be a special case that both CRS and DM RS can be placed in a subframe even though R-PDCCH is demodulated only by one of them. Another is that Cyclic Prefix (CP) length should be considered in design of R-CCE. According to the CP types, the number of available RE elements is changed. The other consideration points are the antenna configuration, restricted position of DL grant or UL grant, supportable aggregation level, DL timing case, and the existence of CSI-RS transmission. 
Considering those points, 6 Cases are considered to determine R-CCE size. In Case 1 and 2, both CRS and DM RS coexist in the subframe in the case, e.g., where R-PDCCH is demodulated by DM RS, but CRS is transmitted in their RE positions to support UE or RN which may rely on CRS. In Case 3 and 4, R-PDCCH is demodulated only by CRS and DM RS is configured not to be transmitted in that subframe. In Case 5 and 6, R-PDCCH is demodulated only by DM RS and CRS is configured not to be transmitted due to fake-MBSFN subframe or LTE-A subframe.
Cases for R-PDCCH CCE sizes:

· Case 1: Normal CP with CRS+DM RS (Normal subframe)
· Case 2: Extended CP with CRS+DM RS (Normal subframe)

· Case 3: Normal CP with CRS only (Normal subframe)
· Case 4: Extended CP with CRS only (Normal subframe)
· Case 5: Normal CP with DM RS only (MBSFN subframe)

· Case 6: Extended CP with DM RS only (MBSFN subframe)
Table 1 shows the number of REs in 6 Cases listed above. Since a R-PDCCH transmission is confined to one slot, i.e. slot boundary and available RE elements of the 1st slot is not the same as that of the 2nd slot, R-CCE in the 1st slot should be different from one in the 2nd slot in viewpoint of resource optimization. Let’s assume that eNB transmits a DL grant and a UL grant in Un DL subframe with aggregation level 1 and one common fixed R-CCE size in both slots is defined, e.g. 1 R-CCE = 32 REs in the 1st slot (normal CP, CRS+DM RS, normal SF(subframe)). Then the UL grant is placed only 32 RE elements in the 2nd slot and some of REs are hard to be used for data transmission due to resource indication problems and so on [2-5]. So it is preferred that the entire REs in the 2nd slot is used for UL grant transmission with large size of R-CCE relative to that of the 1st slot.
Table 1: The number of available REs for R-PDCCH

	
	CRS+ DM RS
(Normal SF)
	CRS only

(Normal SF)
	DM RS only

(MBSFN SF)

	Normal CP
	1st slot / 2nd slot
	32 / 60
(Case 1)
	44 / 72
(Case 3)
	36 / 72

(Case 5)

	Extended CP
	1st slot / 2nd slot
	24 / 52
(Case 2)
	32 / 60
(Case 4)
	28 / 64
(Case 6)


Figure 1-6 show the typical examples of 6 Cases. The legend is commonly designed for all the Cases. “1st RE” and “2nd RE” mean that the number of RE elements which can be usable for CRS or DM RS or PDCCH or DL grant transmission in the 1st slot and the 2nd slot respectively. 
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Figure 1: Case 1, Normal CP with CRS+DM RS (Normal subframe)
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Figure 2: Case 2, Extended CP with CRS+DM RS (Normal subframe)
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Figure 3: Case 3, Normal CP with CRS only (Normal subframe)
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Figure 4: Case 4, Extended CP with CRS only (Normal subframe)
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Figure 5: Case 5, Normal CP with DM RS only (MBSFN subframe)
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Figure 6: Case 6, Extended CP with DM RS only (MBSFN subframe)
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.
The listed 6 Cases can be reduced up to 4 Cases assuming if CRS RE positions in MBSFN subframe leave empty element, i.e. they are not used for R-PDCCH transmission. Then Case 5 can be the same R-CCE as Case 1, Case 6 can be the same R-CCE size as Case 2. Therefore, Case 1-4 survive and R-CCE size is one of 20, 32, and 44 (in the 1st slot) and is one of 48, 60, and 72 (in the 2nd slot). 

Meanwhile, CSI RS transmission can be considered in R-CCE definition. Unlike the transmission frequency of CRS or DM RS, CSI RS is transmitted with much longer periodicity than the duration of one subframe (i.e. 1ms), then CRS RS transmission itself may not be critical. One solution is that R-PDCCH REs are punctured where CSI-RS is transmitted
Proposal#1: 
· Different sets of R-CCE size are defined depending on the Cases.
3. R-PDCCH REG (R-REG)
Basically, it’s preferred that REG size is 4 especially for interleaving R-PDCCH case. As in LTE system, to support diversity scheme for R-PDCCH transmission as well, the REs for REG should be well-grouped, i.e. precoded symbol should be well-mapped to physical REs over time-frequency domain. Accordingly, REG indexing method should be decided as well depending on how the R-PDCCH is mapped to. Figure 7 shows an example of REG configuration in case of Case 3 based on the concept of well-grouped RE elements as defined in Rel-8 LTE system. Table 2 shows the number of REGs according to Cases defined in Table 1. 

[image: image2.emf]k=0

1

2

3

4

5

6

7

8

9

10

11

l=0 1 2 3 4 5 6 7 8 9 10 11 12 13

R0

R1

R0

R1

R2

R3

R2

R3

R1

R0

R1

R0

R0

R1

R0

R1

R3

R2

R3

R2

R1

R0

R1

R0

Normal CP, CRS, REG=4REs

One REG


Figure 7: R-PDCCH REG placement
Table 2: The number of available REGs for R-PDCCH

	
	CRS+ DM RS
(Normal SF)
	CRS only

(Normal SF)
	DM RS only

(MBSFN SF)

	Normal CP
	1st slot / 2nd slot
	8 / 15

(Case 1)
	11 / 18

(Case 3)
	9 / 18

(Case 5)

	Extended CP
	1st slot / 2nd slot
	6 / 13
(Case 2)
	8 / 15

(Case 4)
	7 / 16
(Case 6)


Proposal#2: 

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

4. R-CCE and R-REG for DL timing Case 3
In Un DL timing Case 3 (absolute synchronization between eNB and RN), RN can’t listen to the last OFDM symbol due to propagation delay between eNB and RN. Therefore, R-CCE definition in the 2nd slot should be re-considered. However the exact pattern of Un DM RS is not decided yet for DL timing case 3 and then the exact size of R-CCE is FFS. One basic principle is to exclude corresponding REs when determining the number of R-CCE REs. This leads to additional Cases on top of 6 Cases described in Section 2 and 3, but the increased Cases is not an critical issue because it is not required for such a dynamic mode change between DL timing Case 1 and 3. 
5. Conclusion
We discuss the concept of R-CCE which is used for R-PDCCH transmission and mapping, and R-REG which can be useful for description of R-PDCCH interleaving. Finally, the following points are proposed;
Proposal: 

· Different sets of R-CCE size are defined depending on Cases.

· Case 1: Normal CP with CRS+DM RS (Normal subframe)

· Case 2: Extended CP with CRS+DM RS (Normal subframe)

· Case 3: Normal CP with CRS only (Normal subframe)

· Case 4: Extended CP with CRS only (Normal subframe)

· Case 5: Normal CP with DM RS only (MBSFN subframe)

· Case 6: Extended CP with DM RS only (MBSFN subframe)
· Reuse of Rel-8 REG concept.
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Agreement:


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.








� The maximum RS overhead in each case is assumed when counting then number of available RE elements, i.e. full antenna configuration, full DM RS or CRS port configuration. By fixing the overhead due to R-PDCCH REs, it leads to reduced R-CCE sets and decreased R-PDCCH decoding error probability.





