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1 Introduction 
In Rel 8, there are only two RRC states, RRC_IDLE and RRC_CONNECTED, defined for UEs. The states can further be characterised as follows [1]:

-
RRC_IDLE:

-
A UE specific DRX may be configured by upper layers.

-
UE controlled mobility;

-
The UE:

-
Monitors a Paging channel to detect incoming calls, system information change, for ETWS capable UEs, ETWS notification, and for CMAS capable UEs, CMAS notification;

-
Performs neighbouring cell measurements and cell (re-)selection;

-
Acquires system information.

-
RRC_CONNECTED:

-
Transfer of unicast data to/from UE.

-
At lower layers, the UE may be configured with a UE specific DRX.

-
Network controlled mobility, i.e. handover and cell change order with optional network assistance (NACC) to GERAN;

-
The UE:

-
Monitors a Paging channel and/ or System Information Block Type 1 contents to detect system information change, for ETWS capable UEs, ETWS notification, and for CMAS capable UEs, CMAS notification;

Monitors control channels associated with the shared data channel to determine if data is scheduled for it;

-
Provides channel quality and feedback information;

-
Performs neighbouring cell measurements and measurement reporting;

-
Acquires system information.

However, when it comes to the case of Relay, which has a combined role of both UE and eNB, two states may not be enough to accommodate the description of behaviors of Relay. This contribution aims to raise a few concerns on the state definition for relay node, and seek for some common understandings about these issues to set the basis for future study.
2 Discussion
A Relay in connected state may simply act as an ordinary UE or it may take up the role of a Relay (eNB) at some point of time. The behaviors of relay with different role may vary greatly.  It’s necessary to extend the RRC state of Relay to following three states:
· IDLE:
 The RN has part of (or all of) the functionality of that as a UE in RRC_ IDLE state. RN monitors R-PDCCH or PDCCH to transmit and/or receive to/from ENB.
· UE_CONNECTED:
The RN has part (or all of) the functionality of that as a UE in RRC_CONNECTED state, but no functionality as a relay. RN monitors PDCCH to transmit and/or receive to/from ENB.
· RN_CONNECTED:
The RN has the full functionality as a relay. RN monitors R-PDCCH to transmit and/or receive to/from ENB.
The following figure provides an overview of the state transition for relay node.
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Fig 1: state transitions for relay node
The state transition between IDLE state and UE_CONNECTED state:

In this scenario, a RN monitors PDCCH in IDLE state or UE_CONNECTED state to obtain downlink control information.

The transition between IDLE state and UE_CONNECTED state for RN is pretty much the same as the transition between RRC_IDLE state and RRC_CONNECTED state for UE, except that some RN-specific information may be informed to DeNB during the transition to UE_CONNECTED state.
The state transition between UE_CONNECTED state and RN_CONNECTED state:

In this scenario, a RN monitors PDCCH in UE_CONNECTED state to obtain downlink control information, while monitors R-PDCCH (a new physical control channel [2]) in RN_CONNECTED state.

The RN may transit to RN_CONNECTED state autonomously or based on further commands on PDCCH. Before the state transition from UE_CONNECECTED to RN_CONNECTED, DeNB obtains some RN-specific information from the RN or the core network. According to this information, DeNB decides to deliver the downlink control information (which was on PDCCH) on R-PDCCH. The information may be informed by RNs during the state transition from “IDLE” to “UE_CONNECTED” (during the random access procedure), or during the state transition from “UE_CONNECTED” to “RN_CONNECTED” (after the random access procedure). 

Whether the RN will transit from RN_CONNECTED to UE_CONNECTED needs further study.
The state transition between IDLE state and RN_CONNECTED state:

In this scenario, a RN monitors R-PDCCH in IDLE state or RN_CONNECTED state to obtain downlink control information. 
The RN may transit to RN_CONNECTED state autonomously if the random access procedure is successful. 

The random access procedure of RNs may be a little different from the procedure of macro UEs, because the random access resource may be RN-specific. In other words, for the contention-based random access procedure of RNs, the contention only happens among RNs. The contention among RNs will not affect macro UEs. 

The RN will transit to IDLE state autonomously if the RRC connection is released. 

Proposal 1: We suggest that RRC states of relay node be extended to three states.
Obviously, considering the access procedure of a relay, there are two alternatives of the states transition based on above three states.

The first alternative is that the whole access procedure includes all three states, and happens in the order of IDLE, UE_CONNECTED and RN_CONNECTED. In this alternative, RN firstly transits from IDLE to UE_CONNECTED state by performing the random access procedure as a normal UE with the exception that RN should inform ENB that it is a RN. And then RN transits to RN_CONNECTED state autonomously or based on ENB command/configuration after it completes the random access procedure. 

The second one is that the whole access procedure just include IDLE and RN_CONNECTED states. In this alternative, RN transits from IDLE to RN_CONNECTED during random access procedure base on ENB command/configuration.

Proposal 2: The access procedures of Relay node should be further studied based on three RRC states.

3 Conclusion 
In this contribution, we analyzed the necessity of a new RRC state definition for Relay node, gave the characteristics of each state and explained how RN should transit between these states. The access procedure of RN based on new states is also tentatively explored. To conclude, we propose that: 

Proposal 1: RRC states of relay node are extended to three states.
Proposal 2: The access procedures of Relay node should be further studied based on three RRC states.
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