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Introduction
After RAN#85 focused RAN_DRAFTS email discussion was established on slidelink based relay SID to be led by RAN2, in complement to the general sidelink enhancements led by RAN1. Many companies showed strong interest in sidelink based relay and expressed their views covering a wide range of aspects to introduce sidelink based relay in NR including design principles, relaying solutions, potential technical areas, and time frames. In RAN #86, it is expected that some decisions could be made on what type of relay architecture would be introduced, what technical aspects need to be studied and potentially specified, etc.
In this contribution, the latest progress and status on sidelink based relay in SA and RAN are summarized, and some key technical points are analyzed. Our views on relay architecture and scope of sidelink based relay SI in RAN are also expressed.
Discussion
Status of SL based relay in SA 
In service requirements for the 5G system from SA1 [1], the following generic requirements for UE relay are set:
· In-coverage remote UE has both direct and indirect connections
· “The UE (remote UE) can connect to the network directly (direct network connection), connect using another UE as a relay UE (indirect network connection), or connect using both direct and indirect connections”
· Security
· “The 5G system shall support a secure mechanism to protect relayed data from being intercepted by a relay UE”
· Service continuity
· “The 5G system shall support service continuity for a remote UE, when the remote UE changes from a direct network connection to an indirect network connection and vice-versa” 
· “The 5G system shall support service continuity for a remote UE, when the remote UE changes from one relay UE to another and both relay UEs use 3GPP access to the 5G core network”
· QoS for Relay UE Selection
· “The 3GPP system shall support selection and reselection of a relay UE based on a combination of different criteria e.g., … required QoS…”
TS22.261 v17.0.1 [1] table 7.7-1 also includes public safety broadband application, and other commercial use cases such as wearable and in-home data transfer that require higher data rate and lower latency as compared with conventional public safety use case. 
In SA2#135 (Oct, 2019), it was agreed in S2-1910753 [2] to revise SID of Study on System enhancement for Proximity based Services in 5GS to consider these service requirement/KPI and use cases in support of UE-to-network relay
· Support of UE-to-Network Relay (including service continuity, authorization, Multi-hop & QoS aspects); This objective needs to take commercial services into account.
· ……….
· SA1 WID on enhanced Relays for Energy Efficiency and Extensive Coverage (REFEC) complements the ProSe UE-to-Network relay requirements and introduces requirements and KPIs for (multi-hop) relays that are relevant to both commercial and public safety broadband applications that have been concluded from work in TR 22.866. 
· 
In SA WG2 #136 meeting in Reno. Nov, 2019, it was agreed to study both L2 and L3 relay for UE-to-NW relay in ProSe SI [3]:
· S2-1912746 [4]
· Proposed solution for Layer 2 UE-to-Network Relay
· S2-1912711 [5]
· Proposed Solution for Layer-3 UE-to-Network Relay
The key parts for architecture include:
· L2 relay: Authorization and provisioning for remote UE and relay, relay discovery and selection, establishment of RRC connection of relay, establishment of network resource of remote UE. 
· L3 relay: Authorization and provisioning for remote UE and relay, relay discovery and selection, PDU session establishment for the relay, PC5 link establishment between remote UE and relay, IP address allocation by Relay, remote UE report for the purpose of LI. 
Both of the solutions will be studied by SA2 until the conclusion phase (June, 2020)
· On L2, arguments include: 1. Increase the coverage of RAN; 2. security risk at UE-to-Network Relay for commercial use case; 3. multipath QoS; 4. better support of commercial scenarios; 5. service continuity during UE path switch;
· On L3, arguments include: 1. By using IAB, it can also increase RAN coverage; 2. considering the limited time for R17; 3. Impact to current standard; 4. Do not need to upgrade RAN nodes; 5.Other arguments used in REAR study (e.g., app-level security/service continuity)
Observation: 
· SA2 has agreed to support UE-to-Network relay including service continuity, authorization, Multi-hop & QoS aspects.
· SA2 has agreed to study both L2 and L3 relay 
Analysis on SL based relay 
Comparison between L2 and L3 relay
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[bookmark: _Ref25931270]Figure 1:  Architecture of L2 and L3 relay 
As shown in Figure 1, the difference between the architecture of L2 and L3 relay are mainly in that for L2 relay, the PDCP ends in remote UE and L2 relay does not decode/decrypt the PDCP data of the remote UE, while for L3 relay, the PDCP ends in relay UE, the relay UE needs to decode/decrypt the PDCP data before knowing whether the data is intended for the remote UE and then relaying it to the remote UE.
As stated in [2], the KPI for UE-to-network relay include security, service continuity and QoS. For service security, it is essential to the use cases like healthcare wearable devices, enhanced public safety and eMBB services. It is unacceptable for the relay UEs to intercept the user data from these scenarios.  Layer-2 relay by nature provides more secured relay mechanism because there is no PDCP decryption at the relay UE. On the contrary, Layer-3 relay would decrypt the data of remote UE and therefore further security is needed at the APP layer. As long as the application layer could not provide sufficient and unified security solution, there exists security risks at the relay UE.
	Commercial requirements
	L3 based UE Relay
	L2 based UE Relay

	Network control
	No
gNB is unaware of remote UE
	Yes
RAN controlled relay UE selection, direct/indirect link selection, etc

	Security
	Low
Remote UE’s relayed data is decrypted at relay UE
	High
Remote UE’s relayed data is NOT decrypted at relay UE

	Service continuity
	Long interruption time when remote UE changes between direct link and indirect link, or changes from one relay link to another relay link
	0ms interruption time feasible

	QoS assurance
	Low
Does not support quick link switching and multi-link forwarding for robustness transmission
	High
Supports fast link switching and multi-link forwarding for robustness transmission

	Forward compatibility
	Cannot support commercial use cases where security, service continuity and QoS are needed
	Supports both public safety and all commercial use cases

	L1 specification impact
	Little
	Little


[bookmark: _Ref26186897] 


Table 1: Key performance indicator comparison between L2 and L3 relay
Service continuity from an indirect connection to a direct network connection, or from one relay UE to another, should behave the same as handovers. Mobility interruption time is used in 3GPP and ITU as a metric to evaluate service continuity/handover performance, which is defined as “the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions”. The minimum requirement by ITU for IMT-2020 is 0ms and considered as essential to eMBB and URLLC services. As Layer-2 relay is able to establish and maintain multiple connections simultaneously to the remote UE via multiple relay links/direct connection, switching from one connection to another would introduce less or no interruption time. For Layer-3 relay, as only one connection exists for the remote UE, the remote UE needs to disconnect the existing connection before establishing the new connection. This could lead to an unpredictable interruption time.
The analysis and comparison between L2 and L3 relays is summarized in Table 1. On the other side, as feD2D of LTE and IAB in NR actually adopts a kind of L2 relay structure, some functions of feD2D and IAB can be reused as the starting points for L2 relay design to minimize the specification efforts. 
In summary, some observations can be drawn comparing L2 and L3 relay as in the following
Observations
· L2 relay has better network controllability
· L2 relay provides better support for security, service continuity and QoS
· L2 relay supports broader use cases including PS and commercial ones
· L2 relay can reuse some functions of feD2D and IAB as starting points

Based on these, we propose the following 
Proposal: Select L2 relay as sidelink based UE relay for NR

Supporting key performance indicator for relay
As analyzed above, it is quite clear that L2 relay could better support key performance indicators for relay as required by SA. However, some investigations are needed on how to support these KPI such as service continuity, QoS etc. In LTE D2D, remote UE can (re-)select relay. In NR, as it is expected network should have more control on the relay, it is preferred to have NW controlled (re-) selection of relay. With that, the following proposal shall be considered
Proposal: Study network controlled (re-)selection of relay UE
For service continuity, it is desirable to have less interruption time when remote UE switch links between direct link (with gNB) and indirect link (relay link), or between two indirect links (relay links). In addition, when remote UE is moving from one cell to the other, it needs to switch links from one cell to the other and the interruption time is also expected to be less especially for more latency sensitive application such as URLLC. As L2 relay is controlled by RAN, such low latency switching could be achieved by L2 relay as compared with L3 relay.
To achieve this, as shown in Figure 2, multi-link (multi-connectivity) could be selected and maintained for the remote UE, which include both direct links (Uu links) and indirect links (relay links). The remote UE could communicate with gNB using one of the link at any time via scheduling from the gNB, and if needed, can switch to another link dynamically with very short interruption time (or even 0 ms interruption time). This would really improve the service continuity for the relay. On QoS perspective, with multi-link maintained for the remote UE, it is easirer to satisfy the QoS of different service. For example, links with different quality could be used for services with different QoS. From this analysis, the following proposal should be considered
Proposal:  Study how to satisfy the service continuity and QoS considering the following 
·   Multi-link (multi-connectivity) selection and maintenance 
·   Fast link switching mechanism
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[bookmark: _Ref25934582]Figure 2: Multi-connectivity for better service continuity and QoS

Supporting multi-links for the remote UE could also achieve more gains in additional to above-mentioned service continuity and QoS. Actually multiple relay UE(s) could relay the data from the same source to the same target for both in-coverage and out-of-coverage remote UE. If data from the same source (gNB or remote) could be duplicated and transmitted over multi-links to the same destination (gNB or remote UE), diversity gain could be exploited and reliability could be improved. If data from the same source (gNB or remote) could be split and transmitted over multi-links to the same destination (gNB or remote UE), spectrum efficiency could be enhanced. To reduce the specification impact, such data split/duplication can be implemented in L2 PDCP level as shown in Figure 3, which could reuse some precedent mechanisms as developed in IIot or NR-DC. In light of this, the following proposal should be considered
Proposal: Study PDCP level data split/duplication to improve reliability and spectrum efficiency for relay performance
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[bookmark: _Ref25935896]Figure 3: PDCP level data split/duplication
Conclusion
In summary, the following observations are made
Observation:  
· SA2 has agreed to support UE-to-Network relay including service continuity, authorization, Multi-hop & QoS aspects.
· SA2 has agreed to study both L2 and L3 relay 
· L2 relay has better network controllability
· L2 relay provides better support for security, service continuity and QoS
· L2 relay supports broader use cases including PS and commercial ones
· L2 relay can reuse some functions of feD2D and IAB as starting points

Based on those observations and analysis, the following proposals should be considered
Proposal: 
· Select L2 relay as sidelink based UE relay for NR
· Study network controlled (re-)selection of relay UE 
· Study how to satisfy the service continuity and QoS considering the following 
·   Multi-link (multi-connectivity) selection and maintenance 
·   Fast link switching mechanism
· [bookmark: _GoBack]Study PDCP level data split/duplication to improve reliability and spectrum efficiency for relay performance
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