Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #111e
 R2-2007101
Online, August 17th – 28th 2020
Agenda Item:
8.7.3
Source:
Apple

Title:
Discussion on Control Plane mechanisms for Layer 2 Relay 
Document for:
Decision
1. Introduction
In this paper, we discuss the control plane mechanisms for Layer-2 based relay solution for NR Sidelink Relay study [1], such as page forwarding for remote UE, System Information retrieval, RRC connection management issues and mobility related procedures.
2. Discussions

2.1
Connection Management of Relayed connection 

For layer 2 UE-to-NW relay, the Uu RRC connection can be established end-to-end between remote UE and gNB. At the same time, relay UE has a PC5-RRC connection and a Uu RRC connection to the gNB, respectively, as shown in the control plane protocol stacks in Figure 1 below. 
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Figure 1. AS layer control plane protocol stack for UE-to-NW relay 

The interaction of the three control plane protocols can be a bit complex as there are some different options to organize the message sequences for connection setup, reconfiguration, suspend, resume and release. Instead of delving into the design details, one principle can be manifested in the early stage of study is that relay UE at least needs to be aware of the RRC state of remote UE. Relay UE cannot be completely blind to end-to-end RRC connection procedures which results in the transitions of remote UE RRC states. How this is exactly achieved, e.g., whether this is done through control signaling in PC5-RRC or Uu RRC, or some other means, can be further discussed.
Proposal 1
RRC state transitions in remote UE are not opaque to the relay UE.  
Another aspect of connection management is to manage the impact of RLF (Radio Link Failure) in either Uu link or PC5 link. This can be discussed case by case.

When Uu link fails, the Relay UE detecting RLF need immediately inform all its connected remote UE(s) about Uu link RLF, so that remote UE can take necessary actions to continue its connection to NW, e.g., relay reselection. Also, if relay UE currently announce its relay status in relay discovery procedures, it shall be paused.

Proposal 2
in case of Uu link RLF, relay UE informs all its serving remote UEs about the link failre and pause any relay discovery procedure.
When sidelink RLF occurs, it may be detected by the keep-alive mechanism in PC5-S signaling or by TX-side transmission failures triggered by RLC failures or HARQ DTX . As there is no link recovery mechanisms for sidelink, relay UE which is aware of RLF need remove this remote UE to its serving list of UEs, and it also needs to inform gNB about this removal, so that DL traffic to remote UE can cease to reach the relay UE.
Proposal 3
in case of PC5 link RLF, relay UE disconnects the remote UE and informs gNB.
2.2
Paging via Relay 

One of the benefits of Layer 2 based UE-to-NW relay solition is that the remote UE is reachable by gNB. This means the paging mechanism using by Uu DL to reach the (remote) UE can be somehow reused. It is worth noting that the paging via relay issue has been studied in LTE feD2D work in Rel-15. Based on one of the solutions (Option.2) in TR 36.746 [2], we come up with a paging via relay scheme, as depicted in Figure 2:

1. Remote UE connects to the Relay UE;
2. Remote UE shares the UE-ID with the relay UE during the sidelink configuration. 
3. Relay UE listen to remote UE’s Paging Opportunities (PO), which is based on remote UE ID,

4. After received the paging, relay UE using PC5-RRC signaling to forward it to remote UE.
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Figure 2. Paging via Relay Solution 
The above solution allows the gNB using the legacy way to page the remote UE, as same as the case that paging is initiated when the UE is in-coverage. This could help simplify the gNB implementation. A big advantage is that gNB does not need to be aware of the (relay UE, remote UE) relationship before remote UE actually connected to the gNB via the relay. We propose to use this solution as the paging forwarding solution for L2 UE-to-NW relay.

Proposal 4
In Layer 2 UE-to-NW relay solution, Relay UE intercepts Uu Paging for remote UE which occur at PO(s) calculated based on remote UE’s identifier.
Paging via relay shall only apply to the case when the remote UE and relay UE are linked. There is no need for the relay UE to use this scheme for a remote UE which is not connected. Relay UE is not suitable to obtain the UE ID of remote UE if they are not securely connected. Also, this constraint can help avoid unnecessarily burdens for relay UE to listen for a large amount of remote UEs, and reduce the “flooding” of relayed paging as well.
Proposal 5
Relay UE only conducts “paging via relay” operation for the remote UE which is currently connected to the relay UE.
Finally, we think the above baseline solution can be used for both RRC_IDLE and RRC_INACTIVE remote UEs. In other words, CN-initiating paging and RAN paging can both adopt this solution.
Proposal 6
Both CN-initiating paging and RAN paging can use the same page forwarding solution.
2.3
System Information Retrieval & Forwarding 

For UEs to obtain system information, NR Uu has introduced different schemes for IDLE/INACTIVE UE and CONNECTED UE. Similarly, we can also discuss solitons case by case based on the RRC states of the remote UE.

For CONNECTED mode remote UE, we think it is very straight-forward to just use the Rel-16 Solution for on-demand SI retrieval. In this case, once the RRC connection between remote UE and gNB is established end-to-end, remote UE can use DedicatedSIBRequest message to solicit the SIB(s). After receiving the request, NW will deliver the SI in dedicated RRC signaling, instead of broadcasting the SI.

Proposal 7
CONNECTED mode remote UE use Uu-based on-demand SI Retrieval scheme (e.g., DedicatedSIBRequest) to obtain system information. 

Proposal 8
NW delivers the request SIB(s) to a CONNECTED remote UE via end-to-end RRC dedicated signaling. 

In NR Uu, MSI (Minimum System Information) which contains MIB and SIB1 are still broadcasted to the whole cell instead of using on-demand SI. For IDLE or INACTIVE remote UE, we think some minimum system information about the serving cell (of the relay UE) are also needed. When the remote UE is not connected to any relay UE, relay UE may use SL broadcast or SL groupcast to forward those MSI to the remote UEs.

Proposal 9
Relay UE use SL broadcast/groupcast to deliver a minimum set of SI to remote UE(s)

RAN2 can further discuss whether only some critical SI to the remote UE, such as PLMN-IdentityInfo, UAC-barring-info are delivered or the whole MSI is forwarded.

2.4
Service Continuity 

The mobility scenarios and related handovers triggered by the movement of either remote UE or relay UE have been discussed in [3]. In this section, we focus on the high-level design of control plane procedures for service continuity. To keep remote UE connected to the NW, the serving gNB of remote UE can configures the remote UE to measure both the Uu link quality and SL link quality. This information, combined with the relay UE’s measurement report, can help the NW to make decisions and preparations about whether the UE need to be switched from indirect path to direct path, or whether the UE should be handed over to another relay UE.  
Proposal 10
NW can configure CONNECTED remote UE to measure and report both Uu link quality and SL link quality. 
For the design of handover procedures, this can be either NW-initiated and UE-initiated. As gNB does not listen to sidelink transmissons and have no first-hand Sidelink measurements, gNB-initiated HO procedures may need UE to report sidelink measurement for all potential relay UE(s) to the gNB. On the other hand, if UE takes change of the HO decision, it could cause less signaling overhead and reduce latency in some scenarios. I think during the study phase, both NW-initiate procedures and UE-initiated procedures can be considered. Down-selection can be done at WI stage, if necessary.
Proposal 11
RAN2 consider to study both NW-initiated and UE-initiated handover procedures in SI.
3. Conclusions

In this paper, we have discussed the control plane issues for L2-based relay and have the following proposals:

Proposal 1
RRC state transitions in remote UE are not opaque to the relay UE.  
Proposal 2
in case of Uu link RLF, relay UE informs all its serving remote UEs about the link failre and pause any relay discovery procedure.

Proposal 3
in case of PC5 link RLF, relay UE disconnects the remote UE and informs gNB.
Proposal 4
In Layer 2 UE-to-NW relay solution, Relay UE intercepts Uu Paging for remote UE which occur at PO(s) calculated based on remote UE’s identifier.

Proposal 5
Relay UE only conducts “paging via relay” operation for the remote UE which is currently connected to the relay UE.
Proposal 6
Both CN-initiating paging and RAN paging can use the same page forwarding solution.
Proposal 7
CONNECTED mode remote UE use Uu-based on-demand SI Retrieval scheme (e.g., DedicatedSIBRequest) to obtain system information. 

Proposal 8
NW delivers the request SIB(s) to a CONNECTED remote UE via end-to-end RRC dedicated signaling. 
Proposal 9
Relay UE use SL broadcast/groupcast to deliver a minimum set of SI to remote UE(s)
Proposal 10
NW can configure CONNECTED remote UE to measure and report both Uu link quality and SL link quality. 

Proposal 11
RAN2 consider to study both NW-initiated and UE-initiated handover procedures in SI.
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