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1. Introduction
In NR Sidelink Relay SID [1], it has been stated in the “objective” section that “This study item targets to study single-hop NR sidelink-based relay”. In this paper, we discuss the single-hop relay scenarios to be supported, for both UE-to-NW relay and UE-to-UE relay.
2. Discussions

2.1
UE-to-NW Relay 

The baseline scenario to be considered for UE-to-NW relay is to reach out-of-coverage remote UEs, as depicted in Figure 1. In this case, the out-of-coverage remote UE connected to an in-coverage Sidelink UE via PC5, which is serving as a UE-to-NW relay. The relay UE then relay the traffic to NW via the Uu interface.

[image: image1.png]Remote UE D




Figure 1. UE-to-NW relay for out-of-coverage remote UE
There is a second case (Figure 2(a)) where the remote UE is actually in-coverage. We think this is also a valid case. The use scenario is an in-coverage wearable device can pair to another in-coverage smartphone. The wearable device can benefit from the higher data rate provided in the short relay link, whereas its own Uu link throughput may be subject to large path loss or limited by reduced UE capability. In another case, an in-coverage UE may encounter some difficulty to use its currently camped cell, it can seek to use the relay UE in the neighboring cell to reach the NW.
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Figure 2. UE-to-NW relay for in-coverage remote UE
Proposal 1
For UE-to-NW relay, support the scenarios 1) remote UE is out of coverage 2) remote UE is in-coverage.
One of the important aspects of UE-to-NW relay design is service continuity, which deals with the connectivity issue caused by UE mobility. As both relay UE and remote UE may move in the NR SL relay case, the mobility scenarios for UE-to-NW relay have a larger variety of cases, as discussed below.

Intra-gNB mobility mainly focuses on the case when remote UE switches between 1) indirect link and direct link; 2) indirect link between two different relays under the same cell, as shown in Scenario 1 and Scenario 2 in Figure 3 respectively. Note that in Scenario 2, the path switching can be caused by the mobility of either remote UE or relay UE, or both.
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Figure 3. Intra-gNB mobility scenarios

Then, we also need to consider the cases that remote UE experiences inter-gNB path switching. There are also two scenarios can be considered, as shown in Figure 4. In the first scenario, the UE switches between a direct path under one gNB to the indirect path under another gNB. In the second scenario, the UE switches between an indirect path under one gNB to the indirect path under another gNB. Similar to the Scenario 2, for Scenario 4 in Figure 4, the path switching can be caused by the mobility of either remote UE or relay UE, or both. Note that we do not discuss the HO in CU-DU split case, but mobilty can also cause HO between different gNB-DUs which is under the control of same gNB-CU.
[image: image4.png]eeeee




Figure 4. Inter-gNB mobility scenarios

Another scenario is a special case for inter-gNB mobility where both remote UE and relay UE move together to another new gNB, as shown in Figure 5. Note that group mobility can also occur among different gNB-DUs under the same gNB-CU.
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Figure 5. Group mobility scenario for UE-to-NW relay (inter-gNB)
The first 4 scenarios are essential mobility scenarios for UE-to-NW relay operations. AS layer solutions for the service continuity shall be designed to cover those cases. For the last group mobility case, HO for relay UE and HO for remote UE are mixed together, where numerous optimizations can be considered in the AS-layer procedures. However, it is also can be deemed as equivalent as a sequential process of two relatively independent HO occurring at a short period of time. We tend to believe this case is a sort of optimization and only be studied after the baseline solutions for Scenario 1-4 are complete. 
Proposal 2
RAN2 study the service continuity solutions for mobility scenarios 1-4 but deprioritize group mobility scenario.
In L2-based UE-to-NW relay design, the remote UE can have its own RRC state, as it is visible to gNB and end-to-end RRC connection & procedures are supported between the remote UE and the gNB. So, generally speaking, there are two Uu-RRC states (remote UE & relay UE) and one PC5 link state need to be considered to support in any working scenario for a UE-to NW relay. For each Uu-RRC states, there are three possibilities:

· RRC_IDLE

· RRC_INACTIVE

· RRC_CONNECTED

For PC5 link, a binary description of its status is sufficient, as there is no PC5-RRC states defined for NR sidelink in Rel-16. The PC5-RRC connection is either:
· Connected (✓)

· Not Connected (✗)

For the all 18 (3 x 3 x 2) different combinations, we think the following scenarios in Table 1 are valid and relevant cases for UE-to-NW relay.
	Remote UE RRC State
	PC5-RRC connected?
	Relay UE RRC State
	Comment

	IDLE/INACTIVE/CONNECTED
	✗
	IDLE, INACTIVE, CONNECTED
	Relay discovery scenario

	IDLE
	✓
	IDLE, INACTIVE, CONNECTED
	Remote UE receives CN-paging via relay

	INACTIVE
	✓
	INACTIVE, CONNECTED
	Remote UE receives RAN-paging via relay

	CONNECTED
	✓
	CONNECTED
	Remote UE bi-directional traffic with gNB via Relay 


Table 1: Valid RRC states for Layer 2 UE-to-NW relay
Proposal 3
RAN2 confirm the Uu-RRC /PC5-RRC combined scenarios in Table 1 are supported in Layer-2 based UE-to-NW relay solution.
Regarding the support of INACTIVE mode of remote UE, we think it will be largely similar to AS layer mechanisms which support the RRC_IDLE mode for remote UE. The only difference is some enhancements related to RNA update. We think RAN2 can focus on the study of AS layer procedures which are common for IDLE and INACTIVE mode remote UE first, and deal with the INACTIVE mode specific procedures in a later stage of SI or WI stage.

Proposal 4
RAN2 prioritize the study of AS layer procedures which can be common to both IDLE and INACTIVE mode Remote UE in L2 Relay Solution.
2.2
UE-to-UE relay 

For UE-to-UE relay, the relay UE acts as a bridge to two Remote UEs. We think there are also several different scenarios need to be discussed. The first scenario is that the Relay UE is in coverage, and then either one of the remote UE, or both remote UE are out of coverage. (See Figure 6). 

[image: image6.png]- .
- .

D Rémote UE

K .
k .
k ’
' PG :
k .
: .
. ’
* .
N .
.
.
B

Remote UE _ D Relay‘UE -

D """ 05D

Remote UE




Figure 6. In-coverage UE acting as UE-to-UE relay 

Another case is that all three UEs are out of coverage, as shown below in Figure 4.
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Figure 7. Out of coverage UE-to-UE relay scenario
Regarding the scenarios to be considered, we tend to think that establishing an ad hoc out of coverage network is not the main objective of relay operation. So, the scenario in Figure 7 needs to be deprioritized. It would be beneficial for UE-to-UE relay design to handle QoS and other requirements if the relay UE is in coverage. if the relay UE is always in-coverage. Actually, this means a UE-to-NW relay UE can also be a potential UE-to-UE relay and those two types of relay can co-locate in the same device. 
Proposal 5
Out-of-coverage UE-to-UE relay scenario is deprioritized in this study.

3. Conclusions

In this paper, we have discussed the relay scenarios and have the following proposals:

Proposal 1
For UE-to-NW relay, support the scenarios 1) remote UE is out of coverage 2) remote UE is in-coverage.
Proposal 2
RAN2 study the service continuity solutions for mobility scenarios 1-4 but deprioritize group mobility scenario.
Proposal 3
RAN2 confirm the Uu-RRC /PC5-RRC combined scenarios in Table 1 are supported in Layer-2 based UE-to-NW relay solution.

Proposal 4
RAN2 prioritize the study of AS layer procedures which can be common to both IDLE and INACTIVE mode Remote UE in L2 Relay Solution.
Proposal 5
Out-of-coverage UE-to-UE relay scenario is deprioritized in this study.
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