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1 Introduction

The recent work on Rel-15 FeD2D SI enhanced the Rel-13 Layer 3 UE-to-Newark Relay to a Layer 2 solution. As a result of it, besides the legacy direct Uu-based connection, a UE can access a network via a PC5-relayed connection.
In this contribution, we discuss the impact on RRC protocol state of remote UE, due to the introduction of Layer 2 based UE-to-Network relay, showing an overview of different state transition procedures.
2 Discussion

In legacy 3GPP LTE system, the RRC states are defined as two, i.e., RRC_IDLE and RRC_CONNECTED, and state transition between the two states is defined as well
, i.e., 
· For RRC_IDLE to RRC_CONNECTED transition, i.e., RRC connection establishment procedure. The purpose of this procedure is to establish an RRC connection. RRC connection establishment involves SRB1 establishment. The procedure is also used to transfer the initial NAS dedicated information/ message from the UE to E-UTRAN.
· For RRC_CONNECTED to RRC_IDLE transition, i.e., RRC connection release procedure. The purpose of this procedure is to release the RRC connection, which includes the release of the established radio bearers as well as all radio resources.
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Figure 1 Legacy RRC protocol state and state transition procedure
However, due to the introduction of Layer 2 based UE-to-network relay, the above description is a bit limited to cover all various cases.
RRC protocol state of remote UE
The following Figure 2 provides one way to summarize the different RRC protocol state (It is actually the “remote UE” which acts as the target UE in the RRC protocol state definition provided above):
· The legacy two RRC state are still kept, i.e., RRC_IDLE and RRC_CONNECTED;
· Within each RRC state, it can be further differentiated between two cases, 
· Direct: In this case, the UE accesses
 the network via Uu interface direct, i.e., no UE-to-network relay in-between;
· Indirect: In this case, the UE access the network via a Layer 2 based UE-to-network relay, based on either 3GPP PC5 or non-3GPP technology, and further uses the Uu interface of relay UE to reach the network.
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Figure 2 RRC protocol state of remote UE
Observation 1 Due to the introduction of layer-2 based UE-to-Network relay, the legacy RRC protocol state can be further differentiated between two cases, i.e., direct and indirect.
RRC state transition of remote UE
Given the enhanced RRC state definition in section 2.1, the state transition needs to be enhanced as a result. Different cases are summarized in Figure 3, which can be further divided into three types.
Table 1 Cases of RRC state transition for remote UE
	Case Number
	Cases
	Use cases

	1
	Direct RRC_IDLE (( 
Direct RRC_CONNECTED
	This is the legacy case.

	2
	Indirect RRC_IDLE (( Indirect RRC_CONNECTED
	This allows the remote UE to switch between RRC_IDLE and RRC_CONNECTED while keep linked with relay UE.

	3
	Indirect RRC_IDLE (( Direct RRC_CONNECTED
	This allows:
· The RRC_IDLE UE, which was connected with a relay UE, establishes RRC connection with network using Uu interface directly;
· The RRC_CONNECTED UE, which was connected via Uu interface, enters into RRC_IDLE state by being linked with a relay UE;

	4
	Direct RRC_IDLE (( Indirect RRC_CONNECTED
	This allows:
· The RRC_IDLE UE, which was connected via Uu interface directly, establish RRC connection via a relay UE;
· The RRC_CONNECTED UE, which was connected via a relay UE, enters into RRC_IDLE state at Uu interface;


Observation 2 Due to the introduction of layer-2 based UE-to-Network relay, the legacy RRC state transition can be further extended to more cases as described above.
Legacy State transition: Case 1
It is the legacy RRC state transition that is included in this type, which is already shown in Figure 1. 
Since only Uu-based connection is considered in this type, the legacy procedure is capable to handle it.
Enhanced State transition: Case 2, Case 3 and Case 4
Compared with Case 1, i.e., the legacy RRC state transition case, the difference of this type of cases is that the UE is involved in PC5-relayed access, 
· Either camped on network via a relay-UE when in RRC_IDLE state, i.e., case 3
· Or connected to network via a relay-UE when in RRC_CONNECTED state, i.e., case 4
· Or Both, i.e., case 2
Among the three cases, case 2 is more straightforward, in order to support the out of coverage case, where the remote UE cannot connect to network via Uu interface, no matter in RRC_CONNECTED or RRC_IDLE state.
Proposal 1 Support RRC state transition for remote UE while being in PC5-relayed connection case.
For case 2 and case 3, there could be some scenario where they are needed
· Firstly, for transition from RRC_CONNECTED to RRC_IDLE: In legacy LTE system, cell selection can be done by UE upon leaving RRC_CONNECTED, if redirectedCarrierInfo is included in the RRCConnectionRelease message, so that UE could camp on a cell which is different from the cell which serves the UE when it is in RRC_CONNECTED mode. Similarly, the remote UE can 
· Either select Uu to camp on although it was connected via PC5 interface of relay UE when in RRC_CONNECTED, e.g., when moving from out-of-coverage to in-coverage;
· Or select PC5 to camp on although it was connected via Uu interface when in RRC_CONNECTED, e.g., when moving from in-coverage to out-of-coverage;
This saves further report signalling from UE on the PC5 / Uu switching (e.g., due to reasons like paging.
· Secondly, for transition from RRC_IDLE to RRC_CONNECTED: In legacy LTE system, when UE goes to RRC_IDLE due to radio link failure
 from one cell, it may initiate RRC connection establishment on another cell. Similarly, the remote UE can
· Either establish RRC connection on Uu after it goes to RRC_IDLE due to failure at PC5 interface, e.g., when moving from out-of-coverage to in-coverage;
· Or establish RRC connection on PC5 after it goes to RRC_IDLE due to failure at Uu interface, e.g., when moving from in-coverage to out-of-coverage;
Proposal 2 RRC state transition for remote UE between direct (no-PC5-relayed) and indirect (PC5-relayed) connection cases.
A text proposal is given in [1], as a summary of the discussion above.
Proposal 3 Capture the text proposal in [1] into TR 36.746.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Due to the introduction of layer-2 based UE-to-Network relay, the legacy RRC protocol state can be further differentiated between two cases, i.e., direct and indirect.
Observation 2
Due to the introduction of layer-2 based UE-to-Network relay, the legacy RRC state transition can be further extended to more cases as described above.


Based on the discussion in section 2 we propose the following:
Proposal 1
Support RRC state transition for remote UE while being linked to a PC5-relay.
Proposal 2
Support RRC state transition between direct (no-PC5-relayed) and indirect (PC5-relayed) cases.
Proposal 3
Capture the text proposal in [1] into TR 36.746.
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� RRC connection suspend/resume procedure, and SRB1bis for NB-IoT are not considered here.


� Here “access” means either using an established radio bearer if in RRC_CONNECTED state, or just camp on a cell if in RRC_IDLE state.


� And UE fails to re-establish the RRC connection due to reasons like AS security has not been activated, or T311 expires.
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