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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The purpose for NR Sidelink Relay SI is to study coverage extension and power efficiency improvement. There is additional description at the end of justification of [1]. It is specified that sidelink connectivity should be further extended in NR framework. This contribution will discuss sidelink connectivity and NR connectivity together.
2. Connectivity for remote UE
2.1. In coverage remote UE
Network can directly connect to in coverage remote UE, although the radio condition between network and in coverage remote UE may not be very good, but it is still workable in some cases. For example, latency-sensitive transmission still goes on NR Uu interface. We analyze different connectivity combinations scenarios as below.
2.1.1. User-plane only relaying
For the case that the remote UE is in coverage (e.g. of a lower-frequency coverage layer, which may provide adequate coverage but not match the data rates due to inadequate bandwidth of lower-frequency or weak channel between gNB and remote UE), it is possible to relay only the user plane through a relay UE, while carrying the control plane directly on the Uu interface, because most of control plane data are delay-sensitive. This results in a situation as shown in Figure 1, where CP is connected via the direct path to gNB and UP is transmitted via indirect path through relay UE. This takes advantage of the lower data rate and lower latency requirements of the control plane. For delay tolerant user plane data, it is good to transmit via indirect path through relay UE.
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Figure. 1 CP on direct path and UP on indirect path
Proposal 1: For in-coverage case, network can use direct path to transmit CP and delay sensitive UP data to in coverage remote UE, but it is up to gNB implementation.
Proposal 2: For in-coverage case, network can use indirect path to delay tolerant UP data to remote UE, but it is up to gNB implementation.

2.1.2. Uplink-only relaying
For DL part, because power consumption is not an issue for network, network can directly send DL message to in coverage remote UE, although the radio condition may be not good, it is still able to deliver some important control message or delay-sensitive data, it is up to gNB implementation.
For UL part, remote UE in coverage can send control message or delay-sensitive data via direct path to network, however, it is also possible that the main coverage limitations are likely to be in the uplink direction due to limited transmit power of the UE.
Thus it is possible to consider an architecture in which the downlink transmissions go directly over the legacy Uu interface (possibly on a lower-frequency coverage layer), while uplink transmissions can be either relayed, as shown in Figure 2, or directly to gNB as legacy, or duplicated on both direct and indirect path). In this architecture, UL coverage can boost via indirect path.
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Figure 2.
Similar architecture is already adopted in 3GPP specification such as split radio bearer concept, a UE is configured with two connectivity, one via MCG and the other one via SCG. In sidelink relay, similar method can be reused, one via NR Uu and the other one via NR PC5.
Proposal 3: For in-coverage case, UE can use direct path to transmit CP or delay sensitive UP data for low latency purpose.
Proposal 4: For in-coverage case, UE can use indirect path to transmit delay tolerant traffic for power saving purpose.
Proposal 5: Adopt proposed text proposal in appendix to cover above scenarios (direct path and indirect path).
There are some issues within this architecture (DL/UL split case), such as feedback (RLC or HARQ) problem. For example, if the gNB transmits data using RLC AM, if the feedback on UL is transmitted to relay UE via PC5, it might be a mismatch problem in this split architecture, the simplest solution is to transmit UL feedback on direct path as well, as stated section 2.1.1.
2.2. Out of coverage remote UE
In UE-to-Network Relay scenario, there is not chance for network directly connect to out of coverage remote UE, both remote UE user plane (UP) data and control plane (CP) data would only transmitted through the relay UE to/from the network. Then, the only chance to have multipath is via different relay UEs. Although it is much reliable that data is relayed via two (or more) relay UEs, however, consider the time limitation, we suggest not to consider multiple relay UEs case in this SI. The situation is same for UE-to-UE Relay scenario.
Proposal 6: For out of coverage case, both CP and UP use indirect path for transmission. Only consider one indirect path (i.e, one relay UE) in this Study Item.
3. Conclusion
This paper further discussed multiple connectivity issues and concludes with:
Proposal 1: For in-coverage case, network can use direct path to transmit CP and delay sensitive UP data to in coverage remote UE, but it is up to gNB implementation.
Proposal 2: For in-coverage case, network can use indirect path to delay tolerant UP data to remote UE, but it is up to gNB implementation.
Proposal 3: For in-coverage case, UE can use direct path to transmit CP or delay sensitive UP data for low latency purpose.
Proposal 4: For in-coverage case, UE can use indirect path to transmit delay tolerant traffic for power saving purpose.
Proposal 5: Adopt proposed text proposal in appendix to cover above scenarios (direct path and indirect path).
Proposal 6: For out of coverage case, both CP and UP use indirect path for transmission. Only consider one indirect path (i.e, one relay UE) in this Study Item. 
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5. Appendix: Proposed Text Proposals
[bookmark: _Toc56775390][bookmark: _Toc57031367][bookmark: _Toc57031419][bookmark: _Toc57031523][bookmark: _Toc57031575][bookmark: _Toc57031938][bookmark: _Toc57032158][bookmark: _Toc57032262][bookmark: _Toc57032395][bookmark: _Toc57032469][bookmark: _Toc57032899][bookmark: _Toc57033351][bookmark: _Toc57067016][bookmark: _Toc57099673]4	Sidelink-based UE-to-network Relay
[bookmark: _Toc56775391][bookmark: _Toc57031368][bookmark: _Toc57031420][bookmark: _Toc57031524][bookmark: _Toc57031576][bookmark: _Toc57031939][bookmark: _Toc57032159][bookmark: _Toc57032263][bookmark: _Toc57032396][bookmark: _Toc57032470][bookmark: _Toc57032900][bookmark: _Toc57033352][bookmark: _Toc57067017][bookmark: _Toc57099674][bookmark: _Hlk49862227]4.1	Scenarios, Assumptions and Requirements
The UE-to-Network Relay enables coverage extension and power saving for the Remote UE. The coverage scenarios considered in this study are the following:
-	UE-to-Network Relay UE is in coverage and Remote UE is out of coverage
-	UE-to-Network Relay UE and Remote UE are both in coverage, it includes following scenarios:
-	Uplink and downlink, user plane and control plane are all relayed via UE-to-Network Relay UE 
-	User plane is relayed via UE-to-Network Relay UE and control plane is directly to gNB
-	Uplink is relayed via UE-to-Network Relay UE and downlink is directly between gNB and remote UE
-	For L3 UE-to-Network Relay, relay UE and remote UE can be in the same cell or different cells, after remote UE establishes connection via Relay UE
-	For L2 UE-to-Network Relay, it is supported as baseline that after remote UE connects via relay UE, relay UE and remote UE are controlled by the relay UE's serving cell 
For L2 UE-to-Network Relay, both cases below are supported, i.e.
-	Before remote connection via relay UE, relay UE and remote UE are in the same cell;
-	Before remote connection via relay UE, relay UE and remote UE are in different cells;
The considered scenarios are reflected in Figure 4.1-1.


Figure 4.1-1 Scenarios for UE-to-Network Relay
NR Uu is assumed on the Uu link of the UE-to-Network Relay UE. NR sidelink is assumed on PC5 between the Remote UE(s) and the UE-to-Network Relay UE.
Cross-RAT configuration/control of UE (Remote UE or UE-to-Network Relay UE) is not considered, i.e., eNB/ng-eNB do not control/configure an NR Remote UE and UE-to-Network Relay UE. For UE-to-Network Relay, the study focuses on unicast data traffic between the Remote UE and the NW.
Configuring/scheduling of a UE (Remote UE or UE-to-Network Relay UE) by the SN to perform NR sidelink communication is out of scope of this study.
For UE-to-Network Relay, relaying of unicast data between the Remote UE and the network can occur after a PC5-RRC connection is established between the Relay UE and the Remote UE.
The Uu RRC state of the relay UE and Remote UE can change when connected via PC5. Both Relay UE and Remote UE can perform relay discovery in any RRC state. A Remote UE can perform relay discovery while out of Uu coverage.
A Relay UE must be in RRC_CONNECTED to perform relaying of unicast data.
For L2 UE-to-Network Relay:
-	Remote UE(s) must be in RRC CONNECTED to perform transmission/reception of relayed unicast data.
-	The Relay UE can be in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_IDLE.
-	The Relay UE can be in RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_INACTIVE.
For L3 UE-to-Network Relay, both Relay UE and Remote UE can be in RRC_INACTIVE state.
The requirement of service continuity is only for UE-to-Network Relay, but not for UE-to-UE Relay in this release.
RAN2 have studied the mobility scenario of "between direct (Uu) path and indirect (via the relay) path" for UE-to-Nework relay. RAN2 focus on the mobility scenarios of intra-gNB cases in the study phase, and assume the inter-gNB cases will also be supported. For the inter-gNB cases, compared to the intra-gNB cases, potential different parts on Uu interface in details can be studied either in the SI phase or in the WI phase.RAN2 deprioritize work specific to the mobility scenario of "between indirect (via a first relay UE) and indirect (via a second relay UE)" for path switching in the SI phase, which can be studied in the WI phase, if needed.
[bookmark: _GoBack]RAN2 deprioritize the group mobility scenario in the SI phase, which may be discussed in WI phase, if needed.
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