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Introduction
In RAN plenary #72, it was approved for RAN2 to start work on a layer 2 relaying architecture for wearable devices [1].  This document discusses some main architectural issues and proposes a way forward.
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View of the remote UE in the eNB
A main advantage of L2 relay is the eNB can have visibility to the remote UE, as shown in Figure 1.
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This diagram suggests that the WD is modeled as being RRC connected “through the relay”, i.e. it has an RRC entity in the eNB.  We’ll discuss the case of WD in idle mode separately.
Proposal 1: For WD in connected mode, the eNB maintains a separate AS context, including RRC entity and S1 endpoint.
Proposal 1 means among other things, the impact on MME of the relaying architecture is minimal.  For instance, a switch between direct Uu connectivity and relaying would not need to affect the MME in any obvious way (although most likely the core network would want to be notified e.g. for billing reasons).
The AS context for the WD does not need to be complete, and certain RRC procedures (e.g. measurement) seem not meaningful towards a WD behind a relay UE.  Similarly, reconfiguration procedures could change the upper layer (PDCP/RRC) configurations, but obviously not the lower layers (RLC/MAC/PHY) since they do not exist for the WD.  The exact list of procedures that would be supported in RRC for the WD, can be discussed as part of the study.
L2 relay architecture  
There are two basic types of protocol stack that have been shown in previous contributions, which could be described as RLC relay (Figure 2) and PDCP relay (Figure 3).  (Note: The terminology “wUE” for “WD” is from the original source [2].)
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Figure 2 RLC relay (from [2])
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Figure 3 PDCP relay (from [3])
These protocol stacks have a same point—PDCP sublayer locates the WD and the eNB. The end to end PDCP sublayer can provide the security protection for the traffic data of the WD.
Proposal 2: PDCP layer between WD and eNB shall be included in the L2 UE relay protocol architecture, whatever the RAT between WD and relay UE.
The difference between the architectures is mainly whether there is also an end to end RLC sublayer.  The main purpose of RLC sublayer is to provide the reliable transmission in Uu interface, and if it were end to end as in Figure 2, the RLC AM mode could provide high reliability for the data packets between WD and the eNB. But it seems equally effective to have reliable delivery on Uu between eNB and relay UE (using RLC AM) and on the short range link between relay UE and WD (method depending on the short range RAT), especially for small data volume traffic which is typical of most WDs.  Also, if there is end to end RLC between the WD and eNB, the size of a packet on the short range interface will increase by at least 2 octets for the RLC header, leading to lower  transmission efficiency. Finally, implementing an RLC sublayer in the WD would have significant costs for the device manufacturer, especially when a non 3GPP RAT is used; the non 3GPP RAT protocol stack would normally be a separate implementation, often on separate hardware, meaning it needs to be coded and tested separately from the main Uu protocol stack.  So we consider that the RLC relay design has no benefit and adds cost and complexity, and there is no need to have end to end RLC layer between the WD and eNB in the L2 relay protocol stack architecture. 
Proposal 3:  There is no need to have end to end RLC layer between the WD and eNB in the L2 relay protocol stack architecture.
In Figure 3, the PDCP layer between eNB and relay UE is mandatory to have on the air interface (although not shown in the figure, except as part of the relay.)  If the architecture of Figure 3 is implemented as a “PDCP-in-PDCP” nested approach, it will result in double encryption for the WD data.  The two layers of security protection would increase the complexity of the WD/relay UE.  Considering the WD is controlled by eNB and the security algorithm in cellular system with enough security, it is not necessary to set PDCP layer security function in each hop, i.e. the security portion of the eNB-UE PDCP can be set to the null algorithm.
Proposal 4: There is no need to set PDCP security function in Uu interface  between the relay UE and the eNB for data packet transmission of WD.
Note that this is ultimately a network choice, it probably is not possible to disallow the eNB from configuring for double encryption.  The proposal is considered as a recommendation for network practice.
Figure 3 and Proposal 2 suggest a relay with fully transparent PDCP, with PDCP PDUs of the remote UE being treated directly as RLC SDUs of the relay UE.  However, we will suggest in Section 2.3 below that it should be possible to multiplex data for different WDs on a single RB of the relay UE, which implies that some processing occurs between PDCP and RLC to distinguish them.  This processing can be considered as a “PDCP adapter” layer or a relay “shim” layer.  Thus we suggest an architecture like Figure 4, in which the PDCP sublayer on Uu (between eNB and relay UE) takes the role of the adaptation function.  Further discussion is in Section 2.3.


Figure 4 Relaying protocol stacks
The “adapter” in the figure could be seen as a shim layer between PDCP and short range layers (include: Prose D2D, BT or wifi), or as an adaptation function at PDCP sublayer.  Its role would be to maintain any extra data needed for PDU routing in the relay UE, e.g. to distinguish between WD data and R-UE own data, or to separate data streams for different WDs if connected to one R-UE.  And the function for the adapter in WD should include the set the configuration to the short range layers and deliver the PDCP PDU to the short range layers to transmit or receive the packet from the short range layers.
Data routing in the PDCP adapter
It is obvious that the relay UE needs to be able to distinguish which PDCP PDUs received on the downlink are directed to a WD (possibly one of several WDs).  The obvious way to achieve this might be by DRB/logical channel ID, with certain DRBs dedicated to a WD, as shown in Figure 3.
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There are three problems with this approach:
1. It doesn’t scale well; a relay with four WDs linked with it[footnoteRef:1] has to sacrifice four of its DRBs just for relay functioning. [1:  Not an unreasonable scenario: smart watch, fitness band, glasses, medical monitor.] 

2. If one WD has multiple QoS classes of traffic, it needs multiple DRBs assigned to it.
3. The protocol structure becomes strange, because the unit to be forwarded is the MAC PDU rather than the PDCP PDU.  In effect it is more like a MAC relay.
Accordingly, we think that this approach should be excluded and other solutions should be looked at, to multiplex different WDs’ traffic (possibly R-UE own traffic as well) within the same RB.
Proposal 5: It is supported to carry different WDs’ traffic together in the same RB of the R-UE.
Obviously it would then be needed for the relay UE to identify which PDUs are for which WD (and similarly for the eNB to do the same, in the uplink direction).  This identification can be a function of the PDCP adapter or shim layer, the details need to be studied.
Proposal 6: The PDCP sublayer in relay UE and eNB works with an adapter functionality to identify the different involved WD for a PDCP PDU on Uu interface.
Work program going forward
With the approaches described in this paper, there are some next steps that can be identified as target activity for the upcoming meetings:
· Contents of the AS context in eNB for a connected WD
· Which RRC procedures can/cannot be initiated towards a WD behind the relay
· How the PDCP adapter indicates different WD identities
In addition we can see some procedures that would need to be designed, to enable these approaches.
· Procedure for linking WD and R-UE, so that the eNB learns about the linking and the R-UE has enough information to route data and signalling for the WD
· Establishment of the fictitious “RRC connection” for the WD behind a relay
Of course additional procedures would be needed.  However, we propose these items as a first set of work targets to enable the core of a relaying architecture.
Proposal 7: The first set of work targets for the study item include the following issues:
· Contents of the AS context in eNB for a connected WD
· Which RRC procedures can be supported for a WD behind the relay
· How the PDCP adapter indicates different WD identities
· Procedure for linking WD and R-UE, so that the eNB learns about the linking and the R-UE has enough information to monitor paging for the WD
· Establishment of the fictitious “RRC connection” for the WD behind a relay
· Details of proxy paging

Conclusion
Proposal 1: For WD in connected mode, the eNB maintains a separate AS context, including RRC entity and S1 endpoint.
Proposal 2: PDCP layer between WD and eNB shall be included in the L2 UE relay protocol architecture, whatever the RAT between WD and relay UE.
Proposal 3:  There is no need to have end to end RLC layer between the WD and eNB in the L2 relay protocol stack architecture.
Proposal 4: There is no need set PDCP security function in Uu interface  between the relay UE and the eNB for data packet transmission of WD.
Proposal 5: It is supported to carry different WDs’ traffic together in the same RB of the R-UE.
Proposal 6: The PDCP sublayer in relay UE and eNB works with an adapter functionality to identify the different involved WD for a PDCP PDU on Uu interface.
Proposal 7: The first set of work targets for the study item include the following issues:
· Contents of the AS context in eNB for a connected WD
· Which RRC procedures can be supported for a WD behind the relay
· How the PDCP adapter indicates different WD identities
· Procedure for linking WD and R-UE, so that the eNB learns about the linking and the R-UE has enough information to route data and signalling for the WD
· Establishment of the fictitious “RRC connection” for the WD behind a relay

When a TR skeleton is established, Huawei will be glad to provide a text proposal to capture these items.
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