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1 Introduction

In last meeting R-PDCCH interleaving with CRS was concluded as follows [1]: 
· 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.

In this contribution, we show our design on the set of interleaving depths for R-PDCCH. Throughout this paper, Rel-8 based REG-level interleaving is referred to as REG-level interleaving.
2 Design of interleaving depth
There are several considerations on the set of interleaving depths:
· The number of RNs per cell
· Transmission schemes of R-PDCCH
· The number of PRBs per R-PDCCH
· Tradeoff between resource utilization and R-PDCCH blocking probability
According to the Stage-2 description of relaying [2], there could be deployments with e.g. 30-40 RNs per DeNB. This means that there are 10-14 RNs per cell of DeNB under the assumption of 3 cells per eNB. Though system bandwidth is not mentioned in the description, 10MHz of system bandwidth could be reasonable.
There are three transmissions schemes of R-PDCCH: REG-level interleaving, no interleaving across R-PDCCHs in a PRB with CRS, and R-PDCCH with DM-RS. Depending on the RN deployment, each RN may use different transmission scheme of R-PDCCH. Consequently, the number of RNs using REG-level interleaving would be less than 10.

The required number of PRBs per R-PDCCH can be derived from the probabilities of R-PDCCH CCE aggregation levels. In case that DCI format 2 is used for R-PDCCH and Case 3 Rural/Suburban is assumed, the probabilities of R-PDCCH CCE aggregation levels 1, 2 and 4 are 0.82, 0.12 and 0.06, respectively [3]. There are 44 REs for DL assignments in a PRB pair when there is no DM-RS. Thus the average number of PRBs per R-PDCCH is 1.06 PRBs.
The more PRBs are semi-statically assigned to the R-PDCCH of REG-level interleaving, the lower R-PDCCH blocking probability. It, however, may not be necessary to schedule DL assignment and/or UL grant of all the RNs in every backhaul subframe. Furthermore, the PRBs assigned to the R-PDCCH of REG-level interleaving would not be shared with PDSCH of macro-UE and RN.
Based on the above discussions, we initially design the interleaving depths for R-PDCCH of REG-level interleaving as shown in Table 1. 
Table 1: Interleaving depths
	System bandwidth
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The same size of interleaving depth of different system bandwidths can be regarded as one size since REGs are time-firstly mapped in REG-level interleaving. By using this property, several interleaving depths can be added to each system bandwidth as shown in Table 2. Interleaving depths of 12 and 18 are added to reduce the gap of interleaving depths and to increase resource utilization. The set shown in Table 2 consists of 11 interleaving depths.
Table 2: Set of interleaving depths
	System bandwidth 
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	{1,3,5}
	{2,5,8,10}
	{3,5,8,10,12,15}
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Proposal 1:

· Support the proposed set of interleaving depths as shown in Table 2.
The resources for DL assignments and UL grants in a PRB pair are shown in Figure 1. It is assumed that 4 Tx antenna ports for CRS, normal CP, and DL timing case 1 are applied.
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Figure 1: Resources for DL assignments and UL grant
The number of REs for DL assignments and UL grants in a PRB pair are 44 and 72, respectively. If the interleaving depth for UL grant is the same as the interleaving depth for DL assignment, about 40% of resource in the second slot would be wasted. Thus the interleaving depth for UL grant should be less than the interleaving depth for DL assignments and it can be selected from the proposed set of interleaving depths.
Proposal 2:

· The size of interleaving depth for UL grant is less than the size for DL assignment.
3 Conclusion 

We have discussed several considerations on the set of interleaving depths for R-PDCCH of Rel-8 based REG-level interleaving. Our proposals are as follows:
· Support the proposed set of interleaving depths as shown in Table 2
· The size of interleaving depth for UL grant is less than the size for DL assignment.
References
[1] R1-104271, “Final report of RAN1#61bis meeting,” MCC Support
[2] R2-103921, "Additions to Stage-2 description of relaying," Ericsson, ST-Ericsson
[3] R1-103488, “R-PDCCH design in LTE-A,” CATT
3/3

_1343037421.unknown

_1343542179.unknown

_1343037415.unknown

_1343037023.unknown

