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1. Introduction 

Relay related topics [1] have gone through intensive discussions during recent meetings. One important area is the associated control signaling which includes the control information received by relay node (RN) in the relay link (eNB-RN) [2][4][5] and the control information sent from RN in the access link (RN-UE) [3]. In the case that RN cannot receive the downlink L1/L2 control information from eNB, semi-persistently scheduled PDCCH or staggering of the anchor-to-relay and relay-to-UE links were proposed [2]. In [3], eNB reserves PDCCH resource for RN, to avoid the interference between access link and direct link. In [4] the design rule for PDCCH of LTE was generalized to the control signaling for relay link and RN can find the corresponding control channel (R-PDCCH) in the latter OFDM symbols within a MBSFN subframe. Both semi-static and dynamic resource allocation schemes were addressed in [5] for the relay link. Each resource maps to a RN in the semi-static mode, whereas dynamic resources include primary backhaul resource (PBR) and secondary backhaul resource (SBR). 
In this contribution we discuss several examples of control channel structures for relay link and their carried information.
2. Control channel structures for relay link 

A RN can be logically treated as a UE during the data communication with eNB, although it also capable of decoding the re-encoding the data, and possibly scheduling the transmission to/from its subordinate UEs in the case of L2/L3 relays. Nevertheless, a RN first needs to know the control information in order to receive/send the data from/to eNB, not only for itself, but also for its subordinate UEs.   
2.1 Two stages of control information 
Relay can have two scheduling strategies: centralized by eNB or distributed to RNs. In centralized scheduling, eNB is responsible for resources allocations of relay link, access link and direction link between eNB and UEs. A RN needs to decode not only the DL/UL grant information for itself, but also the control information for its subordinate UEs. In another word, there should be two stages of control information in DL relay link, one for DL/UL grant of RN, the other for DL/UL grant of the subordinate UEs. The second stage control information can be passed to UEs, either via PDCCH relayed by RN, or carried by other newly defined control channels. 
The above two stages of control information are also needed in distributed scheduling. The only difference is that the second stage information contains the resources allowed to be allocated by this RN rather than the explicit resource allocations for each subordinate UE. 
2.2 Semi-persistent resource in PDCCH field

PDCCH field can be used for relay link control information when 

· RN is not currently using PDCCH field for its access link control information transmission
or

· Access link control information is not carried in PDCCH field

In the case of semi-persistent resource allocation, two stages of control information can be mapped to PDCCH where CRC parity bits are scrambled with the same RN identity. A pre-defined gap can be defined through broadcast message to indicate the relative offset between the CCE searching spaces of two control messages as shown in Figure 1. Such allocation allows a single search for CCE index and helps to reduce the number of blind detections. 

[image: image1.emf]CCE CCE CCE CCE CCE CCE CCE CCE

CCE CCE

control 

information of 

UEs

the first level control 

information of RNs

CCE

the second level 

control information of 

RNs

eNB


Figure 1. Control information of RN in PDCCH
2.3 Frequency division multiplexing of resources 
Since the transmission in (downlink) access link always lags the reception in (downlink) relay link, the second stage control information does not need to be decoded right after the first three OFDM symbols of a subframe. Therefore, the second stage control information, such as DL/UL grant of subordinate UEs and allowable resources scheduled by RN, can also be sent via certain resource blocks (RBs) in PDSCH field as seen in Figure 2. Indication of those RBs and the format of the control information are semi-static and can be stored in predefined RBs. The number of RBs for control information is dynamically allocated to adapt to the channel fading and varying number of scheduling grants to be signaled. Using RBs to carry L1/L2 control information provides more flexibility for channel coding, e.g., multiple scheduling grants can be bundled together and jointly encoded using Turbo codes which have stronger code protections. 
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 Figure 2. Frequency division multiplexing (FDM) structure of control channels 
3.  Conclusions

Several aspects regarding to control channels design for relay link were discussed. We proposed a semi-persistent resource allocation in PDCCH field to carry control information both for relay and its subordinate UEs. Also suggested was to use certain resource blocks in PDSCH field to carry the control information of subordinate UEs. 
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