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1 Introduction

In RAN1#58bis, a list of issues was identified for type 1 relay backhaul design. One issue is the design for R-PDCCH multiplexing. In this contribution location information of the R-PDCCH is provided in two steps.

· First, signalling of relay control region is described which provides high-level information about location of R-PDCCHs. 
· Secondly, within the relay control region, the concept of search space of Rel-8 is proposed to be reused for R-PDCCHs. 

Thus the location information of R-PDCCHs is provided while minimizing the specification impact and simplifying the decoding of R-PDCCH.
2 Relay Control Region
The R-PDCCHs can only reside in certain resources known by all RNs called relay control region (to differentiate from control region for PDCCH). Within the relay control region, search spaces can be further defined for each relay node, where the search space can be common search space or RN-specific search space. A relay node blindly detects its R-PDCCH in the search spaces until locating its own R-PDCCH or exhausting all R-PDCCH candidates. 
Considering the varying channel condition and scheduling constraints of other direct UEs, the relay control region is not expected to be fixed. In contrast to control region for PDCCH which occupies the entire frequency domain, both size and location of the resource allocation for R-PDCCHs may slowly vary in frequency. The number of OFDM symbols allocated to the relay control region may also vary slowly from time to time depending on the number of RNs to be served. Therefore there need a mechanism to notify the relays where the relay control region is. Both frequency domain and time domain resources of the control region need to be signalled to the relay nodes before the relay nodes can start searching for the R-PDCCH.

Since the control region for R-PDCCHs is likely to vary slowly, dynamic allocation such as signalling every subframe may not be necessary. Rather a slow relay-specific periodical or aperiodical signaling can provide control region allocation information valid for a period of time during which the control region does not change. Since this information is irrelevant to macro UEs, this signalling should be invisible to macro UEs. Several types of signalling may be used. For example, the relay control region can be signalled semi-statically via RRC signalling. This is useful if the number of RNs served is small. When the number of RNs increases, broadcasting such information to all RNs is more efficient.
When designing the signalling of the relay control region, another consideration is to use the same mechanism for all relays regardless of their state. Here two states of RNs are considered given that RN has the dual function of UE and eNB. When RN powers up, the RN is in a detached state (called “RN_DETACHED” below) where it performs cell search to attach to the donor eNB and is not visible to any UEs as an eNodeB yet. In the detached state, the RN appears to the donor eNodeB almost the same as a regular UE in that no subframes are set aside for the access link yet, and the PDCCHs are visible to the RNs. After performing certain procedures, the RN may move from the detached state to a normal operation state (called “RN_ACTIVE” below) where it has both active backhaul link and active access link. When there are a number of RNs affiliated with a donor eNB, the RNs may be in different states at a given time. Thus it is necessary that the location information of the control region of R-PDCCHs should be available for RNs in both RN_DETACHED and RN_ACTIVE states. Since RNs are rarely in DETCHED state, the relay control region signalling method should consider active RNs predominantly. Given that the relay control region information is fundamental and common to all RNs, broadcasting such information is more efficient than RRC signalling. Further, it is desirable to make such broadcast information visible to both DETACHED and ACTIVE RNs to save overhead.
Specifically, to broadcast the relay control region information to all RNs, a broadcast channel (called “R-DBCH” below) is defined for the relay nodes only. A relay group ID, e.g., R-SI-RNTI, can be provided to all RNs. With the R-SI-RNTI, the relay node in RN_DETACHED state can detect the PDCCH and then acquire the common control region allocation by PDCCH indication. For RNs in RN_ACTIVE state, they can detect the R-PDCCH and acquire the control region allocation for the next period of time by R-PDCCH indication. Therefore the control region allocation information can be sent once but pointed to by PDCCH or R-PDCCH of different relays as shown in Figure 1. When the allocation of R-DBCH is indicated by PDCCHi, the control region information provided in R-DBCH can be for current subframe or for future subframes. In contrast, when the allocation of R-DBCH is indicated by R-PDCCHj, the control region information provided in R-DBCH can be for future subframes only. In order to share the same R-DBCH indicated by both PDCCHi and R-PDCCHj, the content of R-DBCH is preferred to be resource allocation of control region for future subframes.
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Figure 1. Illustration of accessing R-DBCH via both a PDCCH and a R-PDCCH.

The R-DBCH can provide information for the radio resource configuration. This includes both the time and the frequency information of the relay control region. In the frequency domain, the radio resource configuration may be in the format of start and length information in units of RB groups to specify the frequency subbands. In the time domain, the radio resource configuration may include the number of OFDM symbols the control region occupies and the subframes configured for the backhaul.

3 Search Spaces in Relay Control Region
With the knowledge of the relay control region, relay node blindly detects its R-PDCCH candidates in the search spaces defined in this relay control region until locating its own R-PDCCH or exhausting all R-PDCCH candicates. Currently two possible search space methods are considered for R-PDCCH detection: 
(a) Reuse the Rel-8 definition of both the common search space and the RN specific search space and 
(b) Only common search space. 
Our study shows that (b) requires an excessive amount of blind decoding if the number of RNs are large. Consequently, to reduce the specification impact and simplify the implementation of R-PDCCH, (a) is preferred. 

In Rel-8, both common search space and UE specific search space are supported. The common search space can be used for common control information, including system information blocks, power control, paging, random access response or UE specific information e.g. UL scheduling. UE specific search space can be used for both DL and UL UE specific scheduling. The number of blind decodings per subframe is capped at 44, which is considered reasonable for UE operation.

For R-PDCCH, the same methodology as Rel-8 can be considered. Common search space can be set aside first. Subsequently RN-specific search space can be defined. CCE concept can also be reused. Considering that the backhaul link is likely to have fairly good channel quality, the aggregation levels 1 and 2 may be sufficient for the R-PDCCH.
4 Conclusions
This contribution discusses the two levels of location information for R-PDCCH: the relay control region and the search spaces. It is proposed that:

· Relay control region information is broadcast via R-DBCH; 
· Reuse the two types of Rel-8 search spaces, common and RN-specific to control the number of blind decodings.
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