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1 Introduction
In RAN2 #68b meeting, it is discussed whether the legacy specification definition of UE RRC states and procedures are enough to describe the relay’s behaviour, and some concerns were raised both in [1] and [2]. After the discussion, some open issues were left as below:
· Open issue: Does an RN has an IDLE state? Or only a power on sequence and Connected state?

· Open issue: Will RN ever perform RACH in CONN after initial start-up/started R-PDCCH monitoring? Or do we always go via IDLE/power on sequence? 

· Open issue: If the RN does perform RACH, does it temporarily give up R-PDCCH monitoring? If so, when/how is it turned on again?

· Open issue: Do we need R-PDCCH monitoring with separate RRC state?
From the open issues, we could see that the essential problem is how to deal with the transition of relay between PDCCH and R-PDCCH, which is a new behaviour compared to a normal UE, and this contribution intends to make a relatively comprehensive analysis on the problem in the related scenarios and give out possible solutions.
2 Discussion
From the discussion in the meeting, we could see the related scenarios with most concerns are there ones:

· Scenario #1: initial start-up

· Scenario #2: Radio Link Failure (RLF) detected

· Scenario #3: uplink synchronization lost
2.1 Scenario #1: initial start-up

One possible initial start-up sequence of relay is shown in Figure 1, and the following steps are taken before a relay node is ready to provide service for UEs.
Step 1: The RN is in the RRC_Idle state at the first initial stage.
Step 2: The RN starts to RACH and begins to monitor PDCCH.
Step 3: A RRC connection is setting up between RN and DeNB.
Step 4: The RN goes to the RRC_Connected state after the connection is setup successfully.
Step 5~6: The UE attaches procedure is executing between RN, DeNB and RN’s MME, in which the RRC reconfiguration procedure may happen between RN and DeNB.
Step 7~8: The node configuration procedure is executing between RN and O&M system, in which the RRC reconfiguration procedure may happen again between RN and DeNB, and the DeNB may request the RN to transit from PDCCH to R-PDCCH.
Step 9: The RN begins to set up the necessary S1/X2 interfaces.
Step 10: The RN is up on service for UEs.
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Figure 1 Initial start-up of relay
From the analysis, we note that it is possible to reuse the RRC connection reconfiguration procedure to achieve the relay’s transition between PDCCH and R-PDCCH in the initial start-up scenario. 
2.2 Scenario #2: RLF detected

First of all, we should assume that the possibility of RLF on the Un interface is very low since there is a consensus that the Un interface has much better channel condition than the Uu interface especially for a fixed relay node. 

Even if this unlikely RLF really happens, RN can still start the RRC connection reestablishment procedure first. Since DeNB knows somehow that it is talking to an RN, it can try to prioritize the reestablishment, so the fail rate of the reestablishment will be even lower. Anyway, let us suppose the reestablishment fails also, and Figure 2 shows how RN may recover from the worst case:

Step 1: The RN detects RLF on the Un interface, and the frequency of the event should be low.

Step 2: The RN tries to reestablishment the RRC connection, but it fails. Again, this should be of even lower possibility.

Step 3: The RN goes to the RRC_Idle state.

Step 4: The RN starts to RACH and begins to monitor PDCCH instead of R-PDCCH.

Step 5: A new RRC connection is setting up between RN and DeNB.
Step 6~7: The Tracking Area Updating (TAU) procedure is executed between RN, DeNB and RN’s MME, in which the RRC reconfiguration procedure may happen between RN and DeNB, and the DeNB may request the RN to transit from PDCCH back to R-PDCCH.
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Figure 2 Recover from the worst case of RLF
From the above we can see that reusing the existing RRC connection reconfiguration procedure could fairly handle the transition between PDCCH and R-PDCCH even in the worst case of RLF.
2.3 Scenario #3: uplink synchronization lost

In the LTE system, UE will start RACH when it lost uplink synchronization with eNB, and it is straightforward to reuse the exiting RACH procedure as much as possible for relay to resume uplink synchronization. But the problem is that if the RN starts RACH and goes to monitor PDCCH, when and how it goes back to R-PDCCH?
There are at least two options to solve the problem:

· Execute the RRC connection reconfiguration procedure after the RACH succeeds, and the DeNB can request the RN to get back to R-PDCCH in the procedure. This option is shown in Figure 3, and it is aligned with the solution used in the scenario #1 and #2.
· Modify the existing RACH procedure to keep RN monitoring R-PDCCH always. The option eliminates the requirement of the transition between PDCCH and R-PDCCH from the root, but it obviously brings impacts to the legacy standards, and its feasibility should be FFS.
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Figure 3 One option to resume uplink synchronization
3 Conclusion
This contribution analyzes the problem of the transition of relay between PDCCH and R-PDCCH in the three most related scenarios: initial start-up, RLF recovery and uplink synchronization resume. And it is found that the exiting RRC connection reconfiguration procedure can be reused to enable the smooth transiting from PDCCH to R-PDCCH.
On the other hand, it is noted that if we could keep RN monitoring R-PDCCH always by some necessary modifications on the existing RACH procedure, the requirement of the transition between PDCCH and R-PDCCH will be eliminated from the root.
Proposal: we propose to consider the problem of transition of relay between PDCCH and R-PDCCH in one of two ways:

· Reuse the existing RRC connection reconfiguration procedure as much as possible to realize the transition.
· Or modify the existing RACH procedure to keep RN monitoring R-PDCCH always.
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