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1 Introduction
In 3GPP RAN1 #60bis meeting, the following text regarding the structure of R-PDCCH is agreed:

“

· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS
”

This agreement laid the foundation for the design of R-PDCCH multiplexing structure. In this contribution, we will address the search space design issues related to R-PDCCH taking into account this agreement. 

2 R-PDCCH Search Space
There are two major R-PDCCH structures: FDM versus FDM/TDM. Simplicity of the design is the major advantage of the FDM structure of R-PDCCH while the FDM/TDM structure provides a better utilization of the system resource. Considering the high demand for RN backhaul, it might be beneficial to adopt FDM/TDM structure to improve the resource utilization. A detailed discussion on this aspect could be found in [1].

2.1 R-PDCCH Region
Apart from the structure, an important aspect of R-PDCCH is the search space design. In Rel-8, UE needs to perform blind decodings (BD) for PDCCH detection in both the UE-common and the UE-specific search spaces. The common search space and UE-specific search space are defined by the starting CCE numbers together with the aggregation levels. 

Similarly, in R-PDCCH we can borrow the same concept. As suggested, a preconfigured set of PRBs could be served as the physical resources like the PDCCH region defined by PCFICH in Rel-8. 
It can be further studied whether the REs of the whole PRB pair could be used for R-PDCCH or not. The details of this study could be found in [2]. Accordingly, the CCEs containing RNs’ control information (R-PDCCH) could be multiplexed and mapped to the physical REs in the preconfigured R-PDCCH region. The physical resource for R-PDCCH could be illustrated in Figure 1.
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Figure 1: R-PDCCH Structure
In Figure 1, the blue and red REs are the REs for R-PDCCH within preconfigured PRB pairs while the white REs are the potential REs for R-PDSCH as suggested in [1]. As mentioned in [1], it might be a cleaner solution to leave the R-PDSCH outside the preconfigured R-PDCCH region even in the case when R-PDCCH does not occupy all the REs preconfigured for R-PDCCH. 
This property is similar to Rel-8 design principle where PDCCH and PDSCH live in different OFDM symbols within a subframe. Under this assumption, the REs preconfigured for R-PDCCH only consist of search space of R-PDCCH analogous to the PDCCH defined in Rel-8. 

2.2 Search Space for DL/UL Grants
Once the R-PDCCH region is defined, the search space of the control information for RN should also be defined. In Rel-8, common search space and UE-specific search space are separately designed. Similarly, in R-PDCCH, we can define search space for DL grant and search space for UL grant separately. There are many ways to define the respective search spaces and suitable design of search space is actually coupled with the specific RN R-PDCCH multiplexing scheme. 
It is agreed in 3GPP RAN1 #60bis meeting that DL grants are always transmitted in the first slot of a subframe and in case when RN has both DL grant and UL grant, the DL grant will be transmitted in the first PRB of a given PRB pair and the UL grant will be transmitted in the second PRB of the PRB pair. 
In this agreement, the placement of DL grant and UL grant are described in terms of actual physical REs. However, the DL grant and UL grant consist of multiple CCEs which is a logic concept. Therefore, we need to define a link between the CCEs and the actual physical resource which carries those CCEs. In Rel-8 PDCCH, this is done through REG. The discussion of REG and CCE mapping can be found in [2].

In the logic domain, we can partition the CCEs into two groups with one (say, Group 1) contains the CCEs which are only mapped to the first slot of a subframe while the other group (say, Group 2) contains the CCEs which are only mapped to the second slot of a subframe. 

Furthermore, the CCEs belong to the same PRB pair are linked with each other through CCE numbers depending on the number of CCEs per PRB pair.

For example, assume 2 CCEs could be mapped to the R-PDCCH region of a PRB pair and altogether there are 8 PRBs configured for R-PDCCH. Therefore, there are altogether 16 CCEs in the R-PDCCH region with CCE 0 – 7 are mapped to the REs in the first slot and CCE 8 – 15 mapped to the REs in the second slot. On the other hand, CCE i and CCE 7 + i are linked in the sense that they are mapping to the REs belong to the same PRB pair. This can be seen more clearly in the following figure.

[image: image2.emf]PDCCH

R-PDSCH

R-PDCCH

CCE 0 CCE 1 ... CCE 7 CCE 8 ... CCE 15

M

a

p

 

t

o

 

R

E

s

 

i

n

 

t

h

e

 

f

i

r

s

t

 

s

l

o

t

M

a

p

 

t

o  

R

E

s

 

i

n

 

t

h

e

 

s

e

c

o

n

d  

s

l

o

t


Figure 2: Partition of CCEs
Based on this concept, the design of the search space for DL grant is straightforward. That is, DL grant is only mapped to the CCEs in Group 1. Accordingly, a RN only searches Group 1 CCEs for DL grant. In the specific example we gave, the search space for DL grant is actually CCE 0 to CCE 7.

On the other hand, the search space for UL grant is more involved since there are multiple alternatives for multiplexing RNs with UL grant alone. As discussed in [1], there are two alternatives for this case. 
In Alternative 1, UL grant is only transmitted in the first slot of a subframe for the case of UL grant alone transmission. In this case, CCEs belong to Group 2 can not be used to transmit UL grant for the case UL grant alone transmission. As a result, the RN will only perform BD in the CCEs belong to Group 1 for DL grants and UL grants. Once the DL grant is successfully decoded, the RN will perform BD in the CCEs belong to Group 2 that are also linked to the CCEs carrying DL grant for its UL grant. In this way, the utilization of the preconfigured R-PDCCH resources is kind of low.
In Alternative 2, UL grant can be transmitted in the 1st and 2nd slot in case UL grant alone case and UL grants from different RNs can be transmitted in the PRB pair. In this way, the search space of the UL grant actually spans CCEs belong to both Group 1 and Group 2. Furthermore, when the RN starts to search for UL grant, there are two possibilities:

· RN has both DL grant and UL grant
· RN has only UL grant

Accordingly, in terms of RN’s BD in the search space for UL grants, RN will have to implement different operations. That is RN should search in the CCEs belong to Group 1 for downlink grant, if RN successfully decode the DL grant, he/she just need to search in the CCEs belong to Group 2 which are linked to the CCEs contain DL grant for UL grant. Otherwise, RN will search the CCEs belong to both Group 1 and Group 2 for UL grant. In this way, the BD attempt could be potentially reduced and the utilization of the preconfigured R-PDCCH resources can be increased. 
3 Conclusion

In this contribution, we discuss the possible design of R-PDCCH search space. To be specific, we introduce a linking between physical resource and logic CCEs and partitioning the CCEs into different groups belong to different slots of a subframe. The search spaces of DL grant and UL grant are discussed and the dependence between these two search space are explored. 
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