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1. Introduction
For the design of R-PDCCH, the following was agreed in RAN1 #62 meeting:

· Support of “no interleaving across R-PDCCHs in a PRB” is mandatory for RN for both CRS based and DM-RS based R-PDCCH design.

· No optional interleaving modes are supported in Rel-10.
· For Mode 2 and Mode 1-1:

· For R-PDCCH, the REs in a PRB for R-PDCCH should discount at least those used for CRS and/or CSI-RS.

· Baseline is that R-PDCCH uses QPSK with the same Rel-8 convolutional coding.

· For Mode 1-1:

· The same Rel-8 CCE is used, i.e. 9 REGs

· The same Rel-8 REG design should be used, i.e. in frequency domain in one OFDM symbol

· Down-selection of the supported modes in Rel-10 is not precluded.
In this contribution, we analyze the number of available REs for R-PDCCH in a resource block based on the above agreements, and give our preference on interleaving R-PDCCH in Rel-10.
2. Interleaving R-PDCCH 
Since interleaving R-PDCCH design aims to maximally reuse the Rel-8 PDCCH design, the main open issue is on the definition of R-PDCCH resource. Following the agreements in RAN1-62, we discuss three possible definitions of R-PDCCH resource, considering different numbers of CRS, CSI-RS, and DM RS ports. 
· Method 1: Maximum number of CRS/CSI-RS/DMRS ports always assumed
· Method 2: Antenna port information on CRS/CSI-RS/DMRS signaled to RN 
· Method 3: Coexistence of CRS and DMRS restricted, e.g., no DMRS in R-PDCCH interleaving PRBs 
Before comparing these three methods, we analyze the number of available REs in one PRB with different numbers of CRS/CSI-RS/DMRS ports. We focus on the R-PDCCH REs in the first slot, because less OFDM symbols are available for R-PDCCH in the first slot, which consequently determines the total number of RBs needed for interleaving R-PDCCH. Note that DL grant locates from the 4th to 7th OFDM symbol in the first slot. Table 1 shows the number of available REGs in the first slot, where CRS port 2 and 3 do not exist.

Table 1: Number of available REGs in the first slot

	
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	1-2 DMRS ports
	9
	7
	7

	3-4 DMRS ports
	7
	7
	5


2.1. Method 1
This method is the simplest way to determine the R-PDCCH resources. On the other hand, it leads to significant RE wastage in case the number of CSI-RS/DMRS ports is small. As shown in Table 1, always assuming a maximum of 8 CSI-RS ports and 4 DM RS ports only provides 5 CCEs in a PRB. When the number of configured CSI-RS/DM RS ports is small (e.g. 2 CSI-RS and 2 DMRS ports), significant amount of REs are wasted. Hence, Method 1 is not preferably in Rel-10.
2.2. Method 2
Considering that Method 1 is not preferable from resource utilization perspective, Method 2 seems to be the better choice for determining the available R-PDCCH REs. RN shall be able to obtain the number of Rel-8 CRS in the donor eNB, during initialization. Hence, the donor eNB only needs to inform the RN about the configuration of CRS-RS and DMRS ports, at least in the backhaul subframes. Note that this approach is also applicable to non-interleaving R-PDCCH.
2.3. Method 3
This approach aims to simplify the R-PDCCH resource determination by precluding the existence of R-PDCCH and DMRS in the same RB. Hence, only the number of CRS and CSI-RS ports needs to considered on the definition of R-PDCCH REs. On the other hand, such a restriction is highly undesirable, since scheduler restriction is enforced. In addition, it is agreed that PDSCH can be transmitted in the second slot of an R-PDCCH PRB pair, if it is vacant. It shall be noted that there are many cases leading to the second slot of an R-PDCCH PRB pair being vacant, e.g. 

· the number of R-PDCCH PRBs for DL grants is expected to be larger than the number of R-PDCCH PRBs for UL grants, due to less R-PDCCH OFDM symbols in the first slot;

· UL grant does not need to be transmitted in some backhaul subframes, due to asymmetric DL/UL backhaul subframe allocation for TDD.

Therefore, with Method 3, the second slot of an R-PDCCH PRB pair is likely to be wasted, even if it can be used for PDSCH transmission. Hence, it is not preferable to adopt Method 3. 
Table 2 summarizes the comparison of Methods 1 – 3. Our current preference is Method 2.
Table 2: Comparison of Methods 1 – 3 for R-PDCCH resource determination
	
	pros
	cons

	Method 1
	Simplest 
	Lowest resource utilization

	Method 2
	Better resource utilization 
	Higher layer signaling on CSI-RS/DMRS configuration required

	Method 3
	Simple
	Scheduler restriction and lower resource utilization


3. Interleaving vs. non-interleaving R-PDCCH
In this section, we compare the overhead of interleaving and non-interleaving R-PDCCH. In [1], link simulation results are provided for interleaving and non-interleaving R-PDCCH, which indicates that for 1, 2, and 4 CCEs, the performance of interleaving and non-interleaving R-PDCCH is similar. Considering the backhaul geometry, most RN’s R-PDCCH can be accommodated by 2 PRBs. Hence, for the analysis in this section, it is assumed that 2 PRBs are needed for each RN’s R-PDCCH, both for interleaving and non-interleaving mode. It is further assumed that 4 RNs are deployed in a cell with a total of 8 R-PDCCH PRBs allocated. The number of scheduled RNs in each backhaul subframe follows a certain probability. 
Table 3 summarizes the R-PDCCH overhead comparison of interleaving and non-interleaving R-PDCCH. For the interleaving mode, irrespective of the number of scheduled RNs per backhaul subframe, all 8 R-PDCCH RBs are used, since the REGs of a single R-PDCCH spread across all 8 R-PDCCH RBs. For the non-interleaving mode, depending on the number of scheduled R-PDCCHs in a backhaul subframe, the vacant R-PDCCH PRBs can be used for PDSCH transmission. Hence, the R-PDCCH overhead of the non-interleaving mode varies according to the probability of different numbers of RNs being scheduled in a backhaul subframe. 
From Table 3, it is observed that non-interleaving R-PDCCH can provide significant overhead savings compared to interleaving R-PDCCH. Considering the similar link performance of the two R-PDCCH designs, it appears that interleaving R-PDCCH is not necessary in Rel-10. 
Table 3: Comparison of R-PDCCH overhead for interleaving and non-interleaving R-PDCCH

	Probability of [1 2 3 4] RNs scheduled
	R-PDCCH overhead

	
	Non-interleaving R-PDCCH
	Interleaving 
R-PDCCH
	Relative overhead of 
non-interleaving to 
interleaving R-PDCCH

	[ 5% 15% 30% 60%]
	7.3
	8
	91.25%

	[10% 20% 30% 40%]
	6
	8
	75%

	[25% 25% 25% 25%]
	5
	8
	62.5%

	[40% 30% 20% 10%]
	4
	8
	50%

	[60% 30% 15%   5%]
	3.7
	8
	46.25%

	[10% 40% 40% 10%]
	5
	8
	62.5%


4. Conclusions
In this contribution, we discuss some remaining issues on interleaving R-PDCCH. Regarding the R-PDCCH resource determination, it is preferred that the CSI-RS/DMRS configuration is informed to the RN, which applies to both interleaving and non-interleaving R-PDCCH. In addition, we compare the overhead of interleaving and non-interleaving R-PDCCH. The analysis shows that non-interleaving R-PDCCH leads to significant overhead savings, compared to interleaving R-PDCCH. In addition, the link performance of two designs is similar. Hence, from specification perspective, it is desirable to reconsider whether interleaving R-PDCCH shall be supported in Rel-10.
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