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1. Introduction

 In [1], an overview on R-PDCCH design was provided and the following three search space configuration options were discussed briefly. This contribution provides detailed search space design for Option 3
· Option 1: Frequency localized non-interleaved R-PDCCH

· Option 2: Frequency distributed non-interleaved R-PDCCH

· Option 3: REG-level-interleaved R-PDCCH
2. Interleaving Depths
In Rel-8, interleaver size are associated with system bandwidth such as 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz and 20MHz. In general, each system bandwidth includes different number of available RBs. Table 1 shows typical example of the number of RBs in a given system bandwidth. The other thing to determine the interleaver size is PCFICH, i.e. the number of PDCCH symbols. For instance in 20MHz system bandwidth three sizes of interleaver are supported, i.e. one PDCCH symbol size (e.g. 100RB), two PDCCH symbol size (e.g. 200RB) and three PDCCH symbol size (e.g. 300RB). Hence there are nominally 18 interleaver sizes in Rel-8. It is worthy of noting the upper limit on the number of interleaving depths in backhaul link is agreed based on the number, 18. 

Table 1: System bandwidth vs. Number of RBs

	System BW [Hz]
	1.4
	3
	5
	10
	15
	20

	Number of RBs [RB]
	6
	15
	25
	50
	75
	100


Rel-10 relay system shall also support the 6 system bandwidths as listed in Table 1. Unlike PDCCH interleaver size, the interleaving depth doesn’t have to be multiples of a given system bandwidth which are too large to interleave RNs together. Assuming that the overhead of R-PDCCH is not as much as that of PDCCH, it shouldn’t be larger than 3/14 (21.4%, 3 symbol PDCCH, Normal CP). However, in Un link, the number of available OFDM symbols will be limited only to 11 or 12 symbols to excluding 3 or 4 symbols due to relay access link transmission and switching time, and the R-PDCCH (DL grant) is transmitted only in three symbols (e.g. symbol#4, #5, #6) of the first slot. Considering that point, the overhead of R-PDCCH can be increased up to e.g. 3/11 (27%) in case when the whole system bandwidth are assigned for R-PDCCH search space PRB, which becomes absolutely larger than Rel-8 PDCCH overhead. 
Here’s an issue point. How many PRB should be configured for R-PDCCH search space PRB? Our answer is that R-PDCCH search space PRB shouldn’t be distributed over the entire system bandwidth, e.g. 100RB/20MHz and shouldn’t do like that if the Rel-8 overhead is a baseline. 

For example, 4RB interleaving in 6RB/1.4MHz system bandwidth is seemingly large compared to its system bandwidth since it is (4/6)*(3/11), i.e. 17% overhead. Therefore, for instance 2RB interleaving seems to be enough for 4RB system bandwidth i.e. (4/6)*(3/11), 9% overhead. In frequency domain, the amount of overhead seems to be large, but overall overhead in both frequency and time domain is not so large. Also, except for 1.4MHz, 4RB unit interleaving of R-PDCCH provides reasonable amount of overhead. lastly, in resource allocation perspective, the 4RB interleaving is well-aligned with Type 2 DVRB resource allocation which supports diversity order of 4 by applying the predefined distributed mapping and hopping rule. In that sense, we propose to use only one interleaving depth, i.e. 4RB interleaving depth, regardless of supportable system bandwidths. 
3. Consideration on R-PDCCH Search Space design
In interleaved R-PDCCH case, one R-CCE is fragmented into several REGs and interleaved with REGs from other R-CCEs. Then, some REGs are grouped to build one VRB and mapped into PRB according to the rule of the frequency distributed allocation. Consequently, information from different R-PDCCHs can be multiplexed together within one PRB and REGs from one R-CCE are well-separated in the physical domain. 

The difference from non-interleaved R-PDCCH is that REG-level fragmentation and interleaving procedures are to be required. One issue in this structure is that REG-to-VRB mapping should be done so that the VRBs containing R-PDCCHs are well-separated in the PRB domain by the frequency distribution rule. 

Figure 1 shows the example of interleaved R-PDCCH with 4-RB interleaving depth, 8-REG CCE and Rel-8 interleaving. Especially, the interleaved R-PDCCH is mapped to PRB by using DVRB mapping rule in RA Type 2. In order to support efficient multiplexing with other types of resource allocation, R-PDCCH which should be punctured into (R-) PDSCH region is desirable to obey the PDSCH resource allocation rules (Type 0, 1 and 2). Figure 2 shows the case of 32RB system and RBG=3.
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Figure 1: R-PDCCH channel interleaving and VRB-to-PRB mapping (4RB interleaving depth)

Search Space size according to interleaved or non-interleaved R-PDCCH:

When R-PDCCH is interleaved, interleaving depths should be signaled to RN. Interleaving depth can be the same as the size of R-PDCCH search space in order to keep commonality between interleaved R-PDCCH case and non-interleaved R-PDCCH case. However, as interleaving depth increases, PRB resource can be wasted because of previous agreement such that “for a R-PDCCH PRB pair where RN detects at least part of DL grant in the first slot, RN shall assume the first slot of the R-PDCCH PRB pair is not used for data transmission [1].” For example, let’s assume one R-CCE consists of 8 REGs, interleaving depth is 10 PRBs. After interleaving process unit, one R-PDCCH are uniformly spread just over 8 PRBs and the two PRBs not containing any R-PDCCH REG can’t be used for the R-PDSCH transmission. Therefore, it’s desirable that interleaving depth should be determined equal to or smaller than the number of REGs in a PRB so that the wasted resource can be minimized. According to [2], the minimum number of REG in a PRB is 8 when both CRS and DM RS are transmitted in a subframe (normal cyclic prefix). In that sense, it is preferred that the maximum number of interleaving depths in interleaved R-PDCCH case is 8 as shown in Table 2. However, in non-interleaved case, it’s better to have the large size of R-PDCCH PRB set so that R-PDCCH PRB can cover the entire system bandwidth with the rule of one R-PDCCH PRB per RBG. It can b summarized that in non-interleaved R-PDCCH case, the flexibility aspect of R-PDCCH PRB configuration should be considered in R-PDCCH search space design, while interleaved R-PDCCH case, resource waste aspect in case of larger interleaving depths than the minimum number of REGs in a PRB should be taken into account.

Necessity for Search Space with multiples of 4 RBs:

In addition, we discuss the relationship between the search space configuration and resource allocation. It is natural that R-PDCCH search space is compatible also with resource allocation type 0 where DL resources are allocated in the unit of RBG. One example is described to explain why it is needed. According to Rel-8 resource allocation method, RB allocation with multiples of 4 RBs gives a special property such that each of the 2nd slot VRB index 0, 1, 2 and 3 obtained by slot hopping fall into one of the 1st slot VRB index 0, 1, 2 and 3, i.e. one of PRB index 0, 8, 18 and 27 even though a predefined offset is given by DVRB slot hopping rule as shown in figure 2a. 
Other than that case, e.g., 6-RB allocation in Figure 2b, the property is not valid anymore. In other word, some of those VRB indices may not correspond to one of the VRB indices. For instance, VRB index#4 is located in PRB index #1 in the 1st slot, but in PRB index#19 in the 2nd slot. If R-PDCCH is allocated like Figure 2b, such a problematic VRB index#4 is hard to be assigned by other resource allocation methods, e.g. Type 0, Type 1 due to stand alone PRBs. Therefore, for the sake of resource allocation efficiency and flexibility, R-PDCCH search space should be configured by the unit of multiples of 4 RBs. 
[image: image2.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31


[image: image3.emf]subset# 0 0 0 1 1 1 2 2 2 0 0 0 1 1 1 2 2 2 0 0 0 1 1 1 2 2 2 0 0 0 1 1

1st slot 0 4 8 12 16 20 22 24 26 1 5 9 13 17 -1 -1 -1 -1 2 6 10 14 18 21 23 25 27 3 7 11 15 19

2nd slot 2 6 10 14 18 21 23 25 27 3 7 11 15 19 -1 -1 -1 -1 0 4 8 12 16 20 22 24 26 1 5 9 13 17


Figure 2a: Example of 4-RB allocation in RA Type 2 DVRB mapping (N_ RB_DL = 32RBs)
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Figure 2b: Example of 6-RB allocation in RA Type 2 DVRB mapping (N_ RB_DL = 32RBs)
Search Space according to higher aggregation level:
In case of high level of aggregation, interleaved R-PDCCH is mapped to the same search space as in the low aggregation level of R-PDCH. If the aggregation level 1 R-PDCCH is placed on the PRB index 0, 9, 18 and 27, aggregation level 2 of R-PDCCH should be firstly placed on that PRBs. Considering 4RB-unit interleaving, the interleaving depth is 4 and maximum supportable aggregation level will be 4.
4. Conclusion
Proposals:
· Interleaving depth 4 is baseline for interleaved R-PDCCH case

· R-PDCCH Search Spaces configuration are separately optimized for interleaved or non-interleaved R-PDCCH case

· 4 RB Search Space is baseline for interleaved R-PDCCH case
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