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[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]As discussed in [1] during RAN2 #113e-bis meeting, RAN2 had lots of agreements [2] related to baseline solution for NR Sidelink relay, most of them are similar to LTE relay re/selection mechanism and can be directly reused. RAN2 also has some agreements on additional AS layer criteria for relay selection and reselection, only PLMN ID, serving cell ID, L2/L3 relay support and relay load will be considered in this Release. Among these additional criteria, we further analysis how relay load is used as a Relay (re)selection criterion and the effect on performance in this tdoc.
Relay load definition
In [3], we already discussed different definition of relay load and discuss what conditions should be fulfilled, most companies agree that the definition of relay load should be 1) simple and easy to compute, 2) can reflect performance that a remote UE could achieve, 3) small spec change and 4) low signalling overhead. Among these four conditions, companies are doubt about some definitions of relay load can not reflect performance that a remote UE could achieve. Therefore, we will show how to use relay load as a Relay (re)selection criterion, especially on number of UEs being (actively used or) served by the relay UE.

Performance impact of Relay load on PC5 link
In this subsection, we discuss about 2) performance that a remote UE could achieve. We compare the scenarios where a) Only consider PC5 link quality during relay (re)selection and b) further consider relay load during relay (re)selection in Figure 1. When a Remote UE knows the relay load of candidate Relay UE, the Remote UE can decide to choose a less loaded Relay UE for relaying to avoid the congestion.
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Figure 1. Scenarios of (a) Only consider PC5 link quality and (b) further consider relay load
Even though the network is not in the congestion, benefits such as load balancing between relay UEs can be achieved as well. The simulation result in Figure 2 shows gain of (b) further consider relay load, the throughput is much better than that of (a) Only consider PC5 link, the simulation setting is listed in the Annex.
Observation 1: From throughput point of view, considering Relay UE load is beneficial during relay re(selection).
Proposal 1: For relay (re)selection, Relay UE load should be considered additional AS layer criteria.
Proposal 2: Define Relay UE load as number of UEs being served by the relay UE.

Figure 2. Average Remote UE Tput of (a) Only consider PC5 link quality and (b) further consider relay load
Performance impact of Relay load on Uu link
In this subsection, we discuss another performance impact of relay load information. In L3 U2N relay, a Relay UE works as an IP router, gNB is not aware of how many remote UEs are attached on this Relay UE. Therefore, this Relay UE might be treated like a normal UE from gNB point of view, i.e., has same priority as other non-Relay UE. The Remote UE attached on this Relay UE needs to share the Uu bandwidth of the Relay UE. More Remote UE attached on this Relay UE, the overall performance of these Remote UEs degrades as subsection 2.1 shows.
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Figure 3. Scenarios of (a) w/o Relay load information and (b) with Relay load information
In L2 U2N relay, a Remote UE will establish connection with gNB. Therefore, gNB is aware of how many remote UE attached to the Relay UE and can treat the Relay UE with higher priority than non-Relay UE.
Observation 2: In L3 U2N, gNB is not aware of how many remote UE attached to the Relay UE.
Observation 3: In L2 U2N, gNB is aware of how many remote UE attached to the Relay UE.
Figure 4 shows that the 2nd hop UEs (i.e., Remote UEs) in a) without Relay load information has much worse performance than that of b) with Relay load information.

Observation 4: Without the relay load information, the remote UEs have much worse performance than that of with relay load information.
Therefore, it is recommended that Relay UE load should be adopted in NR sidelink Relay WI.
Proposal 3: Include Relay load as one of UAI to assist gNB’s scheduling decisions.
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Figure 4. CDF of UE Tput of (a) w/o Relay load information and (b) with Relay load information
Conclusion
This document promulgated the following observations and proposals:
Observation 1: From throughput point of view, considering Relay UE load is beneficial during relay re(selection).
Observation 2: In L3 U2N, gNB is not aware of how many remote UE attached to the Relay UE.
Observation 3: In L2 U2N, gNB is aware of how many remote UE attached to the Relay UE.
Observation 4: Without the relay load information, the remote UEs have much worse performance than that of with relay load information.
Proposal 1: For relay (re)selection, Relay UE load should be considered additional AS layer criteria.
Proposal 2: Define Relay UE load as number of UEs being served by the relay UE.
Proposal 3: Include Relay load as one of UAI to assist gNB’s scheduling decisions.
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Simulation assumption
Table 1: System level evaluation assumptions

	Parameters
	Homogeneous scenario (urban micro)

	Inter-BS distance
	200m

	Carrier frequency
	4 GHz

	Channel Model
	3D UMi

	System 
bandwidth
	10MHz

	UE distribution
	570 UEs, are dropped independently with uniform distribution.

	Scheduler
	Proportional Fair

	Traffic model
	FullBuffer



Average Remote UE normalized Tput

Tput	(a)	(b)	64331	123070	
bps
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