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Abstract: This contribution proposes a set of principles for reachability of a Remote UE.
1 
Introduction
When using a L2 UE-to-Network Relay solution the Remote UE can be seen and reached by the network albeit via the UE-to-Network Relay.

With the UE-to-Network Relay in the data path, the following point needs careful consideration: 

How to handle reachability and inactive periods
 of a Remote UE

This contribution proposes a solution to provide Reachability of a Remote UE taking the above point into account. Coordination with RAN2 is expected later this year.
2
Proposal

It is important to first consider possible state correspondence of the UE-to-Network Relay and of the Remote UE connected to this relay as a starting point:

Table 1. CM state correspondence between Remote UE and UE-to-Network Relay

	Relay

Remote
	CM_IDLE
	CM_CONNECTED

	CM_IDLE
	(
	(

	CM_CONNECTED
	N/A (1)
	(

	NOTE 1: 
the Remote UE may only be connected if the Relay UE itself is connected


Table 2. RRC state correspondence between Remote UE and UE-to-Network Relay

	Relay

Remote
	RRC_IDLE
	RRC_INACTIVE
	RRC_CONNECTED

	RRC_IDLE (1)
	( (2)
	( (2)
	( (3) 

	RRC_INACTIVE
	N/A
	( (2)
	( (3)

	RRC_CONNECTED
	N/A
	N/A
	(

	NOTE 1: 
The Remote UE is only reachable via the Relay UE if a PC5 link is established between the Remote UE and the Relay UE. 

NOTE 2:
The Relay UE is expected to monitor PO of the Remote UE and its own.

NOTE 3:
This configuration is problematic for the Relay UE as explained in the following for it would require the Relay UE to monitor paging while in RRC_CONNECTED state which should be avoided.


Given the above, the following principles are proposed:
1.
the Remote UE should be reachable by NG-RAN while the UE-to-Network Relay is reachable by NG-RAN and the Remote UE is reachable by the UE-to-Network Relay

2.
the UE-to-Network Relay should not be required to monitor paging while in RRC CONNECTED state

3.
the UE-to-Network Relay, while in RRC IDLE state / RRC INACTIVE state, should be required to monitor paging occasions for the Remote UE in addition to its own paging occasions

4.
during inactive periods over PC5, the power consumption of the Remote UE should be comparable to that in RRC IDLE / RRC INACTIVE state

Principle 1:

-
Proposal 1: The reachability of the Remote UE by the UE-to-Network Relay is handled locally between the Remote UE and the UE-to-Network Relay. While this proposal will be addressed in RAN2, it is suggested to document it in the TR as a baseline.
Principle 2:

-
When the Remote UE under coverage of its parent UE-to-Network Relay is inactive over PC5 (i.e. in some idle state comparable to being RRC IDLE or RRC INACTIVE over Uu) and the UE-to-Network Relay is RRC CONNECTED, the Remote UE if seen as RRC IDLE or RRC INACTIVE by the gNB would force the gNB to use paging to reach the Remote UE. This in turn would require the UE-to-Network Relay to monitor PO for the Remote UE which would either cause undue complexity on the UE-to-Network Relay or otherwise impair the reachability of the Remote UE itself. 

(Note this is a comparable discussion to that regarding CM CONNECTED/RRC INACTIVE where RAN paging is used when the UE is otherwise deemed reachable by 5GC).
-
This can be addressed in various ways:

i)
The inactive status of the Remote UE over PC5 is not visible to the gNB i.e. the Remote UE is assumed to remain in RRC_CONNECTED state while the UE-to-Network Relay UE itself is RRC CONNECTED. The UE-to-Network Relay UE attempts to reach the Remote UE. (This is analogous to using RAN paging when CM-CONNECTED and RRC-INACTIVE, but brought one node down to the Relay UE)
ii)
The inactive status of the Remote UE over PC5 is visible to the gNB but instead of paging the Remote UE over the paging channel, the gNB notifies the UE-to-Network Relay which in turn attempts to reach the Remote UE

Whether i) or ii) or some other means is to be used should be discussed and decided in RAN2.
-
Proposal 2: As long as the Remote UE stays under coverage of its parent UE-to-Network Relay, the Remote UE can be assumed to be reachable by NG-RAN according to the state of the UEs i.e. it is the responsibility of the UE-to-Network Relay to reach the Remote UE. Proposal 1 is used. While this proposal will be addressed in RAN2, it is suggested to document it in the TR as a baseline.

Principle 3:

-
This principle articulates around the simple assumption that a UE-to-Network Relay may only be RRC IDLE / RRC INACTIVE if the Remote UEs it serves are all in some idle state as well.

-
Proposal 3: the UE-to-Network Relay, while in RRC IDLE state / RRC INACTIVE state, shall monitor paging occasions for the Remote UE in addition to its own paging occasions. While this proposal will be addressed in RAN2, it is suggested to document it in the TR as a baseline.

Principle 4:

-
It is proposed that a basic assumption be defined that will guide RAN2 design. 
-
Proposal 4: during inactive periods over PC5, the power consumption of the Remote UE should be comparable to that in RRC IDLE / RRC INACTIVE state.
3
Conclusions
Proposal 1: The reachability of the Remote UE by the UE-to-Network Relay is handled locally between the Remote UE and the UE-to-Network Relay. While this proposal will be addressed in RAN2, it is suggested to document it in the TR as a baseline.

Proposal 2: As long as the Remote UE stays under coverage of its parent UE-to-Network Relay, the Remote UE can be assumed to be reachable by NG-RAN according to the state of the UEs i.e. it is the responsibility of the UE-to-Network Relay to reach the Remote UE. Proposal 1 is used. While this proposal will be addressed in RAN2, it is suggested to document it in the TR as a baseline.

Proposal 3: the UE-to-Network Relay, while in RRC IDLE state / RRC INACTIVE state, shall monitor paging occasions for the Remote UE in addition to its own paging occasions. While this proposal will be addressed in RAN2, it is suggested to document it in the TR as a baseline.

Proposal 4: during inactive periods over PC5 the power consumption of the Remote UE should be comparable to that in RRC IDLE / RRC INACTIVE state.
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6.7
Solution #7: Indirect Communication via Layer 2 UE-to-Network Relay UE
6.7.2.8
Reachability

In accordance with clause 6.7.2.5 the Remote UE is deemed reachable by 5GC according to the same principles as specified in 5GS. The tables below depicts CM and RRC states correspondence between Remote UE and UE‑to‑Network Relay
Table 6.7.2.8-1. CM state correspondence between Remote UE and UE-to-Network Relay

	Relay

Remote
	CM_IDLE
	CM_CONNECTED

	CM_IDLE
	(
	(

	CM_CONNECTED
	N/A (1)
	(

	NOTE 1: 
the Remote UE may only be connected if the Relay UE itself is connected


Table 6.7.2.8-2. RRC state correspondence between Remote UE and UE-to-Network Relay

	Relay

Remote
	RRC_IDLE
	RRC_INACTIVE
	RRC_CONNECTED

	RRC_IDLE (1)
	( (2)
	( (2)
	( (3) 

	RRC_INACTIVE
	N/A
	( (2)
	( (3)

	RRC_CONNECTED
	N/A
	N/A
	(

	NOTE 1: 
The Remote UE is only reachable via the Relay UE if a PC5 link is established between the Remote UE and the Relay UE. 

NOTE 2:
The Relay UE is expected to monitor PO of the Remote UE and its own.

NOTE 3:
This configuration is problematic for the Relay UE as explained in the following for it would require the Relay UE to monitor paging while in RRC_CONNECTED state which should be avoided.


The following principles are proposed as baseline to ensure reachability of a Remote UE with minimum network impact:
-
The reachability of the Remote UE by the UE-to-Network Relay is handled locally between the Remote UE and the UE-to-Network Relay. 

-
As long as the Remote UE stays under coverage of its parent UE-to-Network Relay, the Remote UE can be assumed to be reachable by NG-RAN according to the state of the UEs i.e. it is the responsibility of the UE-to-Network Relay to reach the Remote UE in this case without impacting NG-RAN, as described above.
-
The UE-to-Network Relay, while in RRC IDLE state / RRC INACTIVE state, shall monitor paging occasions for the Remote UE in addition to its own paging occasions. 

-
During inactive periods over PC5 the power consumption of the Remote UE should be comparable to that in RRC IDLE / RRC INACTIVE state.
NOTE:
The above principles will be confirmed by RAN2.
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3GPP

SA WG2 TD


