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Introduction
During RAN2#95bis meeting the coverage states were discussed and captured in the TR [1]. There are still some additional clarifications and definitions needed in order to design proper procedures and define UE behavior, e.g.:
· definition of Relay UE and Remote UE being “paired” or “connected” with each other
· nature of network’s “prior knowledge” of the relationship between Remote UE and Relay UE and its applicability in different scenarios
It is important to clarify these definitions before drafting detailed CP procedures for various coverage scenarios and therefore some definitions are proposed in this contribution. Afterwards the need of network’s prior knowledge about association between Relay UE and Remote UE in Scenario 2 for MT connection establishment is discussed. 
2	Pairing definition
Some definitions about what pairing between a Remote UE and a Relay UE means were already proposed in contributions to previous meetings. The pairing could be seen, for example, as a trust relationship between a Remote UE and a Relay UE allowing the former to establish indirect 3GPP communication and the latter to serve as an intermediary node in that operation. In our opinion such relationship should be defined in higher layers and RAN2 should assume that such condition is met for the peer UEs engaged or about to engage in indirect 3GPP communication. Some form of authorization would also have to be performed in the eNB before letting Remote UE connect to the network, which will have to be defined by SA2 and RAN3. Both Remote UE and Relay UE should have a prior knowledge about the UEs, which meet this trust relationship and can potentially be used for UE-to-NW relaying. Relay UE should only accept indirect 3GPP communication requests from trusted Remote UEs and Remote UEs should only attempt to establish indirect 3GPP connection with trusted Relay UEs. We think that relay discovery procedure can be reused for that purpose similarly to Rel-13 UE-to-NW relay discovery.
Proposal 1: Trust relationship between Relay UE and Remote UE is required before such UEs can be engaged in indirect 3GPP communications together. Such relationship should be defined in higher layers and known to UEs.
Proposal 2: Relay Discovery Procedure should be used to verify that pairing is possible between Remote UE and Relay UE that are willing to engage in indirect 3GPP communications.
Such trust relationship is a pre-requisite for any relay related sidelink communications. However it is just a logical association between Remote UE and Relay UE. It does not guarantee that a one-to-one connection can be effectively established between peer UEs e.g. due to too big distance between them. It is important that pairing definition considered by RAN2 contains also this physical aspect of association between two UEs. Therefore we think that RAN2 should assume the following definition of pairing:
Proposal 3: Following definition of pairing should be captured in TR: “For the sake of the evolved UE-to-Network relaying functionality two UEs are deemed paired when following conditions are met:
1. There is a trust relationship defined in higher layers between these two UEs allowing them to engage in UE-to-Network relaying with each other.
2. One-to-one sidelink communications link can be physically established between these two UEs.
First condition can only be assumed by RAN2 and should be confirmed by SA2. The second one is on the other hand in RAN2 area and RAN2 should clarify how it could be met. One way to achieve such verification would be to keep the one-to-one connection established and use keep alive messages as defined in TS 23.303 [2]:
“5.4.5.3	Layer-2 link maintenance over PC5
The PC5 Signalling Protocol shall support keep-alive functionality that is used to detect that when the UEs are not in ProSe Communication range, so that they can proceed with implicit layer-2 link release.
NOTE:	It is left to Stage 3 to determine how and when the keep-alive messages are used.”
However we avoided using word “connected” on purpose as we believe that maintaining active one-to-one sidelink connection can be power-consuming for the UEs. Therefore we propose that in case when active one-to-one sidelink communications link is not required between Remote UE and Relay UE pairing should be achieved by the means of sidelink discovery messages e.g. by the Remote UE/Relay UE measuring the signal level of discovery messages sent between the devices in some specific timing occasions. 
Proposal 4: In case there is no need to keep an active one-to-one sidelink communications pairing between Remote UE and Relay UE is achieved using measurements of discovery messages sent by peer UEs.
3	Coverage scenarios, pairing and RRC states
The following coverage scenario are currently captured in the TR [1]:


Figure 1: Coverage scenarios captured in [1]
It is further clarified in the TR that [1]:
“The shown connections for the Uu interface indicate coverage and reachability, i.e. the evolved ProSe UE-to-Network Relay UE shown is not necessarily in RRC_CONNECTED, but is in coverage and can communicate with the network on Uu interface.”
On the other hand the connections between Remote UE and Relay UE, as suggested by the description mean that UEs are actually connected with each other. The reason that for that might be because terms “connected” and “pairing” could have been used interchangeably by some companies while as we indicated in the previous sub-section this is not necessarily true. On the other hand it was agreed that in scenarios 2 and 3 both Remote UE and the network can initiate establishing the one-to-one connection between Relay UE and Remote UE. This suggests that UEs are in proximity of each other, i.e. one-to-one connection can be established. We then propose to clarify what is the pairing state between the devices in all the captured scenarios. This can be treated together with applicable RRC states in these scenarios and the analysis is provided in the table below.
	Scenario
	Indirect 3GPP communication state
	One-to-one sidelink connection state
	Pairing state
	Relay UE RRC state
	Remote UE RRC state

	1
	Established
	Established
	Paired
	Connected
	Connected

	2
	Not established
	Not established
	Paired / not paired
	Idle / Connected
	Idle

	3
	Not established
	Not established
	Paired / not paired
	Idle / Connected
	Idle

	4
	Established
	Established
	Paired
	Connected
	Connected


Table 1: Coverage scenarios and one-to-one sidelink connection, pairing and RRC state of the Remote UE and Relay UE
Based on the above analysis it might be seen that in scenarios 2 and 3 the pairing status of the UEs is not clear and it can affect the UE and network behavior, e.g.:
· In scenario 2 when the UEs are not paired there is no possibility to establish MO or MT connection
· In scenario 3 when the UEs are not paired there is no possibility to establish MO or MT connection via relay
We therefore propose to divide scenario 2 and 3 into two sub-scenarios taking pairing state between the UEs into consideration, so that UE/network behavior may be captured correctly for each case.
Proposal 5: Add sub-scenarios of coverage scenario 2 and 3 to TR to take into consideration pairing state between Remote UE and Relay UE.
It should be also noted that we use RRC Idle state notion even for out of coverage UEs. We do not see any reason to introduce any new state for OoC UEs and this was not done neither for Public Safety or V2V/V2X UEs. Idle tasks of the UE, which is out of coverage are already captured in TS 36.304 and they will be also applicable to Remote UEs in case they do not have an RRC Connection established. There might be additional tasks possible, e.g. Remote UE may additionally search for a candidate Relay UE. It can be discussed further in the study or even during Work Item phase whether some behavior will have to be captured or can be left for UE implementation. At the moment we propose to clarify that:
Proposal 6: When Remote UE is not in RRC Connected state, it is in RRC Idle state. This pertains also to out of coverage Remote UEs.
4	“Prior knowledge” and paging
To properly design control procedures for UE-to-Network relaying solution it is important to clarify the nature of network’s prior knowledge” of UEs association and discuss its applicability in Scenario 2 and Scenario 3 as captured in the TR [1]. As we discussed in section 2 of this document we assume that there is always some trust relationship defined between Remote UE and Relay UE in higher layers. However we do not think that such relationship can be used for the sake of network initiated connection establishment as it is not equal to the fact that peer UEs are in enough proximity to establish one-to-one sidelink communications (i.e. it does not necessarily mean that UEs are paired with each other). In consequence the question, which needs to be answered is whether Core Network has to be aware of UEs being paired with each other in scenarios 2 and 3. It has to be noted that pairing status between UEs can change quite dynamically as the UEs can move independently. For the network to be able to use this information efficiently, it would have to be notified each time the pairing status of two UEs changes, which may lead to significant signalling not only in RAN, but also in CN. 
Observation 1: Keeping up to date information about pairing status of two UEs may lead to significant signalling load in both RAN and CN.
Therefore we think that it is preferential to seek mechanisms, which do not require network to keep up to date knowledge about such association between the UEs. When it comes to Scenario 3 the simplest solution would be to assume that the network pages Remote UE using its paging occasions and upon receiving paging Remote UE can trigger connection establishment either directly with the network or via Relay UE.
Proposal 7: In Scenario 3 paging relaying is not supported. Remote UE is monitoring its Paging Occasions on Uu interface. 
For scenario 2 the situation is not that straightforward as Remote UE is not able to monitor for its own paging due to being out of coverage. It is Relay UE, which needs to receive its paging messages and two potential mechanisms can be identified:
· Using prior knowledge about pairing status between two UEs:
· Network could first page the Relay UE and then indicate that it intends to establish a connection with paired Remote UE using dedicated signalling
· Network could send paging messages for Remote UE in the Relay UEs Paging Occasions. Relay UE would have to be able to identify that the paging is destined for the Remote UE, which it is paired with, so some identifier would have to be provided either from the network or from the Remote UE.
· Without using prior knowledge – network would page Remote UE in its POs, which would have to be monitored by Relay UE. Remote UE would have to request “paging monitoring service” from Relay UE either during pairing or when it moves out of coverage or Relay UE could by default assume this role when paired Remote UE is OoC and is authorized to establish connection with the network while being OoC.
Considering the above we observe and propose to agree on the following:
Proposal 8: Prior knowledge about pairing status of Relay UE and Remote UE could be used, but is not required for network initiated connection establishment in scenario 2.
When it comes to which of the options is advantageous there is a couple of aspects to consider. The advantage of the first option is potentially lower power consumption of the Relay UE as it only needs to monitor its own POs. On the other hand as we mentioned previously it may lead to significant signalling overhead due to the necessity of keeping up to date information about pairing status between Relay UE and Remote UE, which can change dynamically, which is avoided in the second option. Moreover second scheme does not require changes in paging mechanism on the network side and previous paging mechanism can be used for both out of coverage and in coverage Remote UEs. There is no need to apply different modes for these cases and switch between them depending on whether a UE moves out- or in coverage or when pairing status changes. Considering also that OoC operation is at the moment reserved only for Public Safety use case where battery consumption is not of such importance we think that second scheme is beneficial, so we propose to focus on it in the study.
Proposal 9: For scenario 2 RAN2 should focus on defining the mechanism to page the OoC Remote UE without the need of having prior knowledge about pairing or any other association between Remote UE and Relay UE.
We discuss some details of how this could be achieved in another paper [3].
4	Summary
[bookmark: _GoBack]In this contribution we discussed definitions of pairing and network’s “prior knowledge” about association between UEs. Afterwards the need of this “prior knowledge” for MT connection establishment in Scenario 2 was also discussed. Based on the performed analysis we propose to agree on the following:
Proposal 1: Trust relationship between Relay UE and Remote UE is required before such UEs can be engaged in indirect 3GPP communications together. Such relationship should be defined in higher layers and known to UEs.
Proposal 2: Relay Discovery Procedure should be used to verify that pairing is possible between Remote UE and Relay UE that are willing to engage in indirect 3GPP communications.
Proposal 3: Following definition of pairing should be captured in TR: “For the sake of the evolved UE-to-Network relaying functionality two UEs are deemed paired when following conditions are met:
1. There is a trust relationship defined in higher layers between these two UEs allowing them to engage in UE-to-Network relaying with each other.
2. One-to-one sidelink communications link can be physically established between these two UEs.
Proposal 4: In case there is no need to keep an active one-to-one sidelink communications pairing between Remote UE and Relay UE is achieved using measurements of discovery messages sent by peer UEs.
Proposal 5: Add sub-scenarios of coverage scenario 2 and 3 to TR to take into consideration pairing state between Remote UE and Relay UE.
Proposal 6: When Remote UE is not in RRC Connected state, it is in RRC Idle state. This pertains also to out of coverage Remote UEs.
Observation 1: Keeping up to date information about pairing status of two UEs may lead to significant signalling load in both RAN and CN.
Proposal 7: In Scenario 3 paging relaying is not supported. Remote UE is monitoring its Paging Occasions on Uu interface. 
Proposal 8: Prior knowledge about pairing status of Relay UE and Remote UE could be used, but is not required for network initiated connection establishment in scenario 2.
Proposal 9: For scenario 2 RAN2 should focus on defining the mechanism to page the OoC Remote UE without the need of having prior knowledge about pairing or any other association between Remote UE and Relay UE.
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