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Introduction
During RAN2#95, an email discussion regarding RRC states of the Relay UE and the Remote UE was started. In this paper, we discuss the requirements and implications of the different states. In addition, the email discussion 95#35 briefly discusses the RRC states of the Remote UE and Relay UE.
This contribution further analyses the existing UE states in RRC and NAS, their applicability for evolved ProSe UE-to-Network Relaying, whether new UE states would be needed.
[bookmark: _Ref178064866]Discussion
For the evolved ProSe UE-to-Network Relaying, RAN2#95 agreed that both UP and CP should be possible to relay. However, it is FFS if this should be possible for only RRC CONNECTED Remote UEs, or also for RRC IDLE Remote UEs. 
The figure below illustrates a Remote UE which control plane (green dashed lines) and user plane (green solid lines) are both being routed via a Relay UE, using Evolved ProSe UE-to-Network Relay.

[bookmark: _Ref462145231]Figure 1: Typical Evolved ProSe UE-to-Network Relaying scenario
With this figure as illustration, we discuss below the states of the Remote UE and Relay UE, including relations between the states of these.
Remote UE states
For Rel-13 Public Safety ProSe UE-to-Network Relay, which is a Layer 3 (i.e. IP layer) relaying solution it is possible to use a relay even if the Remote UE is in IDLE [36.331 §5.10.4]. In this case, the Remote UE uses the broadcasted sidelink configurations in SIB18 and SIB19. However, since the relaying is made on layer 3 the remote UE does not need an RRC context in the eNB and cannot receive or transmit any relayed control plane messages. 
If we consider the example in the Figure 1 above, since the Evolved ProSe UE-to-Network Relay is defined in the WID as being a layer 2 relay, the relaying takes place in the Access Stratum. The Remote UE would from EPC point of view have both a user plane and control plane established. In other words:
[bookmark: _Toc462402410][bookmark: _Toc462841097][bookmark: _Toc462841476][bookmark: _Toc462842389][bookmark: _Toc462842552][bookmark: _Toc462843162][bookmark: _Toc462996933][bookmark: _Toc463004786][bookmark: _Toc463009657][bookmark: _Toc463015673][bookmark: _Toc465668866][bookmark: _Toc465865316][bookmark: _Toc466019441]The Remote UE has EPS bearers configured, as well as established E-RABs for those bearers which are being relayed.
[bookmark: _Toc462402411][bookmark: _Toc462841098][bookmark: _Toc462841477][bookmark: _Toc462842390][bookmark: _Toc462842553][bookmark: _Toc462843163][bookmark: _Toc462996934][bookmark: _Toc463004787][bookmark: _Toc463009658][bookmark: _Toc463015674][bookmark: _Toc465668867][bookmark: _Toc465865317][bookmark: _Toc466019442]The Remote UE has a NAS signalling connection (i.e. is in ECM_CONNECTED state).
This is a difference from the Rel-13 ProSe UE-to-Network relay, where the Remote UE neither needs a NAS signalling connection nor established EPS bearers as the relayed data uses the EPS bearers of the Relay UE.
The Core Network expects E-UTRAN to provide the functions as defined over the S1-MME and S1-U reference points to support a Remote UE in ECM_CONNECTED. Thus this will require a UE context of the Remote UE in the eNB in order to control the relaying when the Remote UE transmits or receives data over the non-direct 3GPP link.
[bookmark: _Toc461461158][bookmark: _Toc461609159][bookmark: _Toc462402412][bookmark: _Toc462841085][bookmark: _Toc462841473][bookmark: _Toc462842385][bookmark: _Toc462842548][bookmark: _Toc462843158][bookmark: _Toc462996929][bookmark: _Toc463004782][bookmark: _Toc463009668][bookmark: _Toc463015669][bookmark: _Toc465668862][bookmark: _Toc465865312][bookmark: _Toc466019448]In order to control the evolved ProSe UE-to-Network Relaying using a Layer 2 solution, the eNB has a context of the Remote UE when transmitting and receiving data.
In a related contribution [1], we propose to use RRC as the control plane between the Remote UE and its serving eNB. If the Remote UE is ECM_CONNECTED and have an S1 signalling connection established, this typically implies that the Remote UE is in RRC_CONNECTED and the UE context in the eNB is an RRC Context. Thus, we propose:
[bookmark: _Toc462402413][bookmark: _Toc462841099][bookmark: _Toc462841478][bookmark: _Toc462842391][bookmark: _Toc462842554][bookmark: _Toc462843164][bookmark: _Toc462996935][bookmark: _Toc463004788][bookmark: _Toc463009659][bookmark: _Toc463015675][bookmark: _Toc465668868][bookmark: _Toc465865318][bookmark: _Toc460856301][bookmark: _Toc460856308][bookmark: _Toc460856315][bookmark: _Toc460856352][bookmark: _Toc460856510][bookmark: _Toc460856512][bookmark: _Toc460856514][bookmark: _Toc460856531][bookmark: _Toc460856580][bookmark: _Toc460856583][bookmark: _Toc460856603][bookmark: _Toc460856606][bookmark: _Toc460856609][bookmark: _Toc460856612][bookmark: _Toc460856615][bookmark: _Toc460856618][bookmark: _Toc460856621][bookmark: _Toc460856624][bookmark: _Toc460856627][bookmark: _Toc460856635][bookmark: _Toc460856638][bookmark: _Toc460856641][bookmark: _Toc460856656][bookmark: _Toc460856659][bookmark: _Toc460856662][bookmark: _Toc460856665][bookmark: _Toc460856668][bookmark: _Toc460856671][bookmark: _Toc460856674][bookmark: _Toc460857357][bookmark: _Toc460857525][bookmark: _Toc460858833][bookmark: _Toc460860610][bookmark: _Toc460860675][bookmark: _Toc460860695][bookmark: _Toc460860702][bookmark: _Toc460860713][bookmark: _Toc460860742][bookmark: _Toc460860754][bookmark: _Toc460860958][bookmark: _Toc461461160][bookmark: _Toc461609161][bookmark: _Toc462402417][bookmark: _Toc466019443]The Remote UE shall be in RRC_CONNECTED when at least one of its bearers are being relayed.
We have not identified the need for a new UE state when acting as a Remote UE in evolved ProSe UE-to-Network Relay.
[bookmark: _Toc460858835][bookmark: _Toc460860612][bookmark: _Toc460860677]Relay UE states
As the Relay UE need to transmit the relayed data to the eNB, it is necessary that it is in RRC_CONNECTED while it relays data for a Remote UE.
The Relay UE may have its own data (e.g. the Remote UE is a smart phone which can receive/transmit data independently of the relaying), which may necessitate that the Relay UE remains in RRC_CONNECTED. However, even if the Relay UE doesn’t have any of its own data, it shall remain in RRC_CONNECTED while providing relaying service to an Remote UE.
[bookmark: _Toc462402419][bookmark: _Toc462841100][bookmark: _Toc462841479][bookmark: _Toc462842392][bookmark: _Toc462842555][bookmark: _Toc462843165][bookmark: _Toc462996936][bookmark: _Toc463004789][bookmark: _Toc463009660][bookmark: _Toc463015676][bookmark: _Toc465668869][bookmark: _Toc465865319][bookmark: _Toc466019444]The Relay UE shall be in RRC CONNECTED when it relays data between an eNB and a Remote UE.
We have not identified the need for a new UE state when acting as a Relay UE in evolved ProSe UE-to-Network Relay.
Relations between Remote UE and Relay UE states
As we have stated above, both the Remote UE and the Relay UE need to be in RRC_CONNECTED when relaying data of a Remote UE is performed via a Relay UE. No new states are needed. We propose therefore:
[bookmark: _Toc462841101][bookmark: _Toc462841480][bookmark: _Toc462842393][bookmark: _Toc462842556][bookmark: _Toc462843166][bookmark: _Toc462996937][bookmark: _Toc463004790][bookmark: _Toc463009661][bookmark: _Toc463015677][bookmark: _Toc465668870][bookmark: _Toc465865320][bookmark: _Toc466019445]There is no need for new UE state(s) when acting as a Remote UE or Relay UE in evolved ProSe UE-to-Network Relay.
In legacy, the eNB may release the RRC connection for a UE, e.g. after detecting inactivity. In case the Relay UE enters RRC_IDLE, and a Remote UE is connected to it, this may affect the relaying operation. For example, in case the Relay UE would enter RRC_IDLE, and a Remote UE is connected to it, downlink data for the Remote UE connected to a Relay UE cannot reach the Remote UE even if the Remote UE would stay in RRC_CONNECTED. 
[bookmark: _Toc462402414][bookmark: _Toc462841086][bookmark: _Toc462841474][bookmark: _Toc462842386][bookmark: _Toc462842549][bookmark: _Toc462843159][bookmark: _Toc462996930][bookmark: _Toc463004783][bookmark: _Toc463009669][bookmark: _Toc463015670][bookmark: _Toc465668863][bookmark: _Toc465865313][bookmark: _Toc466019449]In case the Relay UE enters RRC_IDLE, and was relaying data for a Remote UE, downlink data for the Remote UE cannot reach the Remote UE even if the Remote UE is in RRC_CONNECTED.
A simple solution is to avoid the above to happen:
1.	As the eNB should be aware of that a Remote UE is connected to a Relay UE, the eNB should prevent the Relay UE enter RRC_IDLE, i.e. avoid to release the RRC connection for the Relay UE as long as it provides relaying for at least one Remote UE.
2.	In case the Relay UE anyway enters RRC_IDLE (e.g. due to RLF), eNB can release the S1 connection for any Remote UEs served by the Relay UE. This may cause loss of DL data already having reached the eNB.
In a similar way, the eNB typically monitors the activity level of a Remote UE, when it has an RRC connection and user plane established. The eNB typically releases the Remote UE, which enters RRC_IDLE due to inactivity. When all Remote UEs have entered RRC_IDLE, and the Relay UE has no traffic on its own, it should be safe to release the RRC connection also for the Relay UE. This eNB behaviour may be an enhancement of the legacy inactivity detection functions implemented in an eNB, but in any case, it does not need to be standardized.
Thus, we make the following observation:
[bookmark: _Toc462402415][bookmark: _Toc462841087][bookmark: _Toc462841475][bookmark: _Toc462842387][bookmark: _Toc462842550][bookmark: _Toc462843160][bookmark: _Toc462996931][bookmark: _Toc463004784][bookmark: _Toc463009670][bookmark: _Toc463015671][bookmark: _Toc465668864][bookmark: _Toc465865314][bookmark: _Toc466019450]The eNB is able to release of the UEs involved in ProSe UE-to-Network Relay, based on the existing legacy inactivity detection mechanism. The triggers for release are up to eNB implementation.
Based on the above observations, we think that for simplicity, RAN2 should currently focus on the case where the Relay UE is in RRC_CONNECTED:
[bookmark: _Toc462841102][bookmark: _Toc462841481][bookmark: _Toc462842394][bookmark: _Toc462842557][bookmark: _Toc462843167][bookmark: _Toc462996938][bookmark: _Toc463004791][bookmark: _Toc463009662][bookmark: _Toc463015678][bookmark: _Toc465668871][bookmark: _Toc465865321][bookmark: _Toc466019446]RAN2 should focus on the case where a Relay UE is in RRC_CONNECTED when at least one Remote UE is connected to it.
[bookmark: _Toc460858837][bookmark: _Toc460860614][bookmark: _Toc460860679][bookmark: _Toc460860698][bookmark: _Toc460860705]In case the relay link between the Remote UE and Relay UE is LTE sidelink (PC5 interface), in Rel-13 two UEs can maintain a unicast layer 2 link over PC5 even when both are in RRC_IDLE, when permitted by the eNB (i.e. are allowed to use mode-2 communication):
[bookmark: _Toc460858838][bookmark: _Toc460860615][bookmark: _Toc460860680][bookmark: _Toc460860699][bookmark: _Toc460860706][bookmark: _Toc460860716][bookmark: _Toc460860745][bookmark: _Toc460860757][bookmark: _Toc460860961][bookmark: _Toc461461163][bookmark: _Toc461609164][bookmark: _Toc462402421][bookmark: _Toc462841103][bookmark: _Toc462841482][bookmark: _Toc462842388][bookmark: _Toc462842551][bookmark: _Toc462843161][bookmark: _Toc462996932][bookmark: _Toc463004785][bookmark: _Toc463009671][bookmark: _Toc463015672][bookmark: _Toc465668865][bookmark: _Toc465865315][bookmark: _Toc466019451]A Relay UE and a Remote UE which are both in RRC_IDLE should, if permitted by the eNB, be able to maintain a unicast link over PC5.
[bookmark: _Toc460860616][bookmark: _Toc460860681]A different way to put this, is that the state on the relay link between the Remote UE and Relay UE is independent of the RRC state. This becomes even clearer considering non-3GPP technologies for the relay link.
[bookmark: _Toc463015679][bookmark: _Toc465668872][bookmark: _Toc465865322][bookmark: _Toc466019447]RAN2 to capture the text in section 2 in the TR.
Conclusion
In section 2 we made the following observations:
[bookmark: _GoBack]Observation 1	In order to control the evolved ProSe UE-to-Network Relaying using a Layer 2 solution, the eNB has a context of the Remote UE when transmitting and receiving data.
Observation 2	In case the Relay UE enters RRC_IDLE, and was relaying data for a Remote UE, downlink data for the Remote UE cannot reach the Remote UE even if the Remote UE is in RRC_CONNECTED.
Observation 3	The eNB is able to release of the UEs involved in ProSe UE-to-Network Relay, based on the existing legacy inactivity detection mechanism. The triggers for release are up to eNB implementation.
Observation 4	A Relay UE and a Remote UE which are both in RRC_IDLE should, if permitted by the eNB, be able to maintain a unicast link over PC5.

Based on the discussion in section 2 we propose the following:
Proposal 1	The Remote UE has EPS bearers configured, as well as established E-RABs for those bearers which are being relayed.
Proposal 2	The Remote UE has a NAS signalling connection (i.e. is in ECM_CONNECTED state).
Proposal 3	The Remote UE shall be in RRC_CONNECTED when at least one of its bearers are being relayed.
Proposal 4	The Relay UE shall be in RRC CONNECTED when it relays data between an eNB and a Remote UE.
Proposal 5	There is no need for new UE state(s) when acting as a Remote UE or Relay UE in evolved ProSe UE-to-Network Relay.
Proposal 6	RAN2 should focus on the case where a Relay UE is in RRC_CONNECTED when at least one Remote UE is connected to it.
Proposal 7	RAN2 to capture the text in section 2 in the TR.
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