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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN#91e meeting, the WID on SL relay had been agreed and had the following objectives:
	[bookmark: _Hlk67323386]Work Item objectives on aspects common to both L2 and L3:
1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]
a. Re-use LTE relay discovery and (re)selection as baseline
2. Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
a. Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4. Specify mechanisms for service continuity 
a. Limited to intra-gNB cases [RAN2]
5. Specify mechanisms for U2N Adaptation layer design [RAN2]
a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]



In this contribution, we aim at analysis and proposals on adaptation layer for L2 SL relay.
2. Discussion
2.1. Protocol Stack for L2 Relay
The protocol stack of L2 U2N relay had been discussed and concluded into two architecture alternatives in SI stage: 
· Alt 1: adaptation layer is not supported at the PC5 interface; 
· Alt 2: adaptation layer is supported at the PC5 interface.
From our understanding, Alt 2 is mainly for the purpose of the commonality between U2N and U2U. The necessisty of adaptation layer at the PC5 interface is not proven. There are with a very low probability at most PC5 services and U2N relay services at the PC5 interface between relay UE and remote UE and the current maximum number of radio bearer is enough to cover these cases.
Furthermore, Alt 2 may increase the processing complexity and the delay at the PC5 interface and be worse for standardization design workload. Since the time unit of Release 17 is limited, we should focus on other more important/urgent features.


[bookmark: _Hlk50062175]Figure 4.5.1.1-1: User plane protocol stack for L2 UE-to-Network Relay 
(adaptation layer is not supported at the PC5 interface)


Figure 4.5.1.1-2: Control plane protocol stack for L2 UE-to-Network Relay
(adaptation layer is not supported at the PC5 interface)
Due to the above, we propose that:
Proposal 1: RAN2 to agree that the architecture of only adaptation layer in relay UE Uu interface is chosen for L2 U2N Relay, i.e. no adaptation layer at the PC5 interface as the above figures.
2.2. Adaptation Layer Header
The main function of adaptation layer is to support bearer aggregation from different remote UEs in the Uu interface of relay UE. In order to differentiate different remote UE E2E bearers, the remote UE ID and/or bearer ID may be needed in the header of adaptation layer. Although in some special cases, one of the remote UE ID and bearer ID can be omitted, e.g. bearers from only one remote UE mapped into a Uu RLC bearer or only one bearer from each remote UEs mapped into a Uu RLC bearer, a unified format design of adaptation layer header is more preferable since unified format will cover all of cases and avoid reconfiguration trouble, e.g. clearance of L2 buffer, extra status report & retransmission overhead or packet lossness due to different header formats of adaptation layer in different cases and/or different gNB algorithms.
Proposal 2: A unified header format for adaptation layer is supported, i.e. including both remote UE ID field and bearer ID field.
The field of remote UE ID is to differentiate remote UEs connected to the same relay UE by U2N relay architecture. From the perspective of SL and Uu design rules, the field of remote UE ID will have the following options:
· Option 1: remote UE index per relay UE level, e.g. 3-bit length;
· Option 2: remote UE index per cell level, e.g. 16-bit length similar to C-RNTI;
· Option 3: remote UE L2 ID by reusing SL source Layer-2 ID directly, e.g. 24-bit length;
Option 1 is the most direct usage with the minimum header overhead. Option 2 is the second best from the overhead perspective and good for handover between direct link and indirect link. Both option 1 and option 2 need a reconfiguration procedure before using the remote UE ID. The header overhead of option 3 is the highest. However the merit of option 3 is obvious, e.g. saving reconfiguration for remote UE ID, better for remote UE mapping in different interfaces, easier to extend to U2U case and multi-hop case and so on.
In this stage of Release 17 WI, option 1 is preferable since only single-hop U2N case is in the scope.
Proposal 3: The remote UE ID in the adaptation layer header should be allocated per relay UE level and be an index of remote UE connected to the relay UE by U2N architecture.
The field of bearer ID is to differentiate E2E bearers from the same remote UE connected to the same relay UE by U2N relay architecture. From the perspective of bearer aggregation, there are two ways to decide the value of bearer ID: directly reusing E2E bearer ID of remote UE or a configured bearer index in each RLC bearer. The former is simpler and extra reconfiguration and mapping can be avoided. The latter is a little better from overhead perspective with extra reconfiguration and mapping maintenance.
From our understanding, it can not be excluded that all of E2E bearers of a remote UE is mapped to one Uu RLC bearer of relay UE. Hence the maximum value of bearer ID length will be same as ones of E2E bearer.
Proposal 4: The bearer ID in the adaptation layer header will equal to E2E bearer ID of remote UE, i.e. 5-bit length.
The next question is whether the presence of adaptation layer header can be configurable, e.g. presence or absence for different cases. Similar as SDAP header presence or absence by configuration, the header of adaptation layer can also depend on the scenarios, e.g. header presence for bearer aggregation cases and header absence for the case of 1-to-1 mapping between End-to-End remote UE  bearer and relay UE Uu RLC bearer. It is left to gNB implementation how to configure the presence of adaptation layer header.
Proposal 5: The presence of adaptation layer header can be configurable, e.g. no header in the case of 1-to-1 mapping between remote UE E2E bearer and relay UE Uu RLC bearer.
If the adaptation layer is re-configured, e.g. from header presence to absence or the opposite, synchronization reconfiguration procedure is needed, i.e. clearing L2 buffer including MAC buffer, RLC buffer and adaptation layer buffer to avoid misunderstanding for adaptation layer header formats for this relay UE Uu RLC bearer. 
Proposal 6: The presence of adaptation layer header can be reconfigured to/from the absence along with synchronization reconfiguration procedure, i.e. clearing L2 buffer of the relay UE Uu RLC bearer.
2.3. Configuration for Adaptation Layer
Adaptation layer needs to be configured by gNB. Similar to SDAP sublayer, adaptation layer is shared among multiple RLC bearers.  For relay UE’s radio bearers, there is no need to have adaptation entity. Other RLC bearers carrying remote UE’s E2E radio bearers can seem to have a common adaptation entity for bearer mapping operations. The following figure illustrates one possible structure for the adaptation sublayer.


Hence,
Proposal 7: There may be at most one adaptation entity configured for a relay UE, e.g. zero or one.
Although the adaptation entity is per relay UE level, the configuration of adaptation entity can be given per RLC bearer level. For example, in the field of adaptation-config, there may be the following information to configure for each RLC bearer:
· The presence indicator of adaptation header for the UL of RLC bearer;
· The presence indicator of adaptation header for the DL of RLC bearer;
· Default indicator for the RLC bearer;
· Remote UE’s radio bearer list that mapped into the RLC bearer;

Hence,
Proposal 8: The adaptation configuration may be per each RLC bearer level.

3. Conclusion
In this contribution, we give analysis and solutions on adaptation layer.  Based on the discussion, we have the following proposals:
Proposal 1: RAN2 to agree that the architecture of only adaptation layer in relay UE Uu interface is chosen for L2 U2N Relay, i.e. no adaptation layer at the PC5 interface as the above figures.
Proposal 2: A unified header format for adaptation layer is supported, i.e. including both remote UE ID field and bearer ID field.
Proposal 3: The remote UE ID in the adaptation layer header should be allocated per relay UE level and be an index of remote UE connected to the relay UE by U2N architecture.
Proposal 4: The bearer ID in the adaptation layer header will equal to E2E bearer ID of remote UE, i.e. 5-bit length.
Proposal 5: The presence of adaptation layer header can be configurable, e.g. no header in the case of 1-to-1 mapping between remote UE E2E bearer and relay UE Uu RLC bearer.
Proposal 6: The presence of adaptation layer header can be reconfigured to/from the absence along with synchronization reconfiguration procedure, i.e. clearing L2 buffer of the relay UE Uu RLC bearer.
Proposal 7: There may be at most one adaptation entity configured for a relay UE, e.g. zero or one.
Proposal 8: The adaptation configuration may be per each RLC bearer level.
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