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Introduction
In RAN#92e[1], the new WI named “NR sidelink relay” was approved to specify the enhancements and solutions necessary to support the UE-to-network Relay coverage extension. During RAN3#114 meeting, the control plane procedure of sidelink relay was discussed and it is agreed that F1 enhancement is needed to support L2 U2N sidelink relay. On the other hand, a lot of architecture and procedure related open issues were identified and listed as follows. 
	Architecture related

Open issue 1: the termination point of Uu adaptation layer from protocol stack point of view (CU vs. DU)

Open issue 2: responsibilities for sidelink relay related functionalities between gNB-CU and gNB-DU

Open issue 3: local ID allocation (CU vs. DU)

Procedure related

Open issue 4: remote/relay UE identification during initial access procedure

Open issue 5: baseline flow chart for RRC establishment/resume/reestablishment for sidelink relay by considering CU-DU split


In this contribution, we will discuss these open issues. The tentative solutions are presented.
Discussion

2.1 Architecture related open issues
When it comes to CU/DU split scenario, it is necessary to investigate the potential F1 architecture impacts for the SL relay. In this section, we will discuss the three architecture related open issues one by one.  
Termination point of Uu adaptation layer (CU vs. DU)

According to RAN2 progress on SL relay, the user plane and control protocol stack for L2 UE-to-network relay in CU/DU split scenario is shown in Figure 1. As we can see, the Sidelink Relay Adaptation Protocol (SRAP) layer is placed over RLC sublayer for both CP and UP at the Uu interface between Relay UE and gNB, at the PC5 interface between Relay UE and Remote UE respectively. The SRAP layer subheader includes the remote UE’s Uu RB ID and the remote UE ID. The Uu SDAP/PDCP and RRC are terminated between Remote UE and gNB-CU, while RLC, MAC and PHY are terminated in each link. When it comes to the CU/DU split scenario, it is not yet determined whether the Uu-SRAP layer is terminated at gNB-DU or gNB CU. 
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Figure 1: User plane and control plane protocol stack for L2 UE-to-Network Relay [3]
Suppose the Uu-SRAP is terminated at gNB-CU, a modified F1-U interface should be considered between gNB-DU and gNB-CU, i.e. a Uu-SRAP layer is introduced above GTP/UDP/IP. The Uu-SRAP layer can be used to deliver the remote UE’s bearer information. In this case, the F1-U tunnel specific to each relay UE’s Uu RLC channel may be established between gNB-DU and gNB-CU. Correspondingly, gNB-CU should identify which GTP-U tunnel is associated with Uu RLC channel and then deliver the data packet to Uu-SRAP layer of relay UE after the processing of GTP-U header. On the other hand, for the F1-C, the remote UE’s RRC signalling may be encapsulated in the F1AP of relay UE. For example, a new RRC container may be designed for F1AP which include the remote UE’s Uu-SRAP PDU. In a sum, the F1-U and F1-C interface need to be modified to support the Uu-SRAP layer. The GTP-U tunnel corresponding to each relay UE’s Uu RLC channel need to be established to deliver remote UE’s traffic and the F1AP of relay UE should be enhanced to carry the Uu-SRAP PDU. 

Observation 1: Suppose the Uu-SRAP is terminated at gNB-CU, the F1-U and F1-C interface need to be modified to support the Uu-SRAP layer. The GTP-U tunnel corresponding to each relay UE’s Uu RLC channel need to be established to deliver remote UE’s traffic and the F1AP of relay UE should be enhanced to carry the Uu-SRAP PDU. 
On the other hand, suppose the Uu-SRAP layer is terminated at gNB-DU, the legacy F1-U and F1-C protocol stack could be reused as shown in Figure 2 and 3. From the perspective of remote UE, the F1-U tunnel corresponding to each remote UE’s Uu DRB can be setup between gNB-DU and gNB-CU. Similarly, the F1-C connection corresponding to remote UE is maintained between gNB-DU and gNB-CU. For the uplink data forwarding, the gNB-DU should be able to identify the remote UE’s bearer based on the Uu-SRAP subheader and then deliver it to the corresponding CU via the remote UE’s GTP-U tunnel. For the downlink data forwarding, gNB-CU deliver the remote UE’s data packet to gNB-DU via remote UE’s GTP-U tunnel. The gNB-DU shall be aware of the remote UE’s bearer info associated with the GTP-U tunnel and then encapsulate these information in the Uu-SRAP subheader.  

Observation 2: Suppose the Uu-SRAP layer is terminated at gNB-DU, the legacy F1-U and F1-C protocol stack could be reused for remote UE, i.e., the F1-U tunnel corresponding to each remote UE’s Uu DRB and F1-C connection corresponding to remote UE can be setup between gNB-DU and gNB-CU. 
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Figure 2 User plane protocol stack for L2 UE-to-network relay in CU/DU split scenario
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Figure 3 Control plane protocol stack for L2 UE-to-network relay in CU/DU split scenario

Based on the above analysis, the termination point of Uu-SRAP at gNB-DU is simple to implement and has less specification impacts. We see no additional benefits to support the termination point of Uu-SRAP at gNB-CU. So it is suggested that Uu-SRAP layer is terminated at gNB-DU for L2 U2N relay. 
Proposal 1: For the L2 U2N relay scenario, the Uu-SRAP layer is terminated at gNB-DU.

Proposal 2: The legacy F1-U and F1-C protocol stack is reused for the remote UE. 

Responsibilities for sidelink relay related functionalities between gNB-CU and gNB-DU
Suppose the Uu-SRAP layer is terminated at gNB-DU, the gNB-DU should be able to support the functions of Uu-SRAP layer, such as encapsulation/removal of the Uu-SRAP subheader for remote UE’s DL/UL packet, determination of relay UE and egress Uu RLC channel of relay UE for remote UE’s DL packet delivery, determination of remote UE’s GTP-U tunnel for remote UE’s UL packet delivery, etc. 

Generally speaking, DU is responsible for the RLC channel configuration for the CU/DU split scenario. Similarly, for the PC5 RLC channel and Uu RLC channel in L2 U2N relay, it is natural for the CU to request DU to set the RLC channel configuration. On the other hand, DU should be able to map the DL packet of remote UE to Uu RLC channel and forward the packet to relay UE via the corresponding Uu RLC channel. It means that DU should be configured with the DL bearer mapping rule between remote UE’s RB/GTP-U tunnel and Uu RLC channel. Here it is questionable whether the DL bearer mapping configuration is determined by gNB-DU or gNB-CU. In our opinion, the gNB-CU determines the QoS parameters of both Uu RLC channel and remote UE’s DRB, it is natural for gNB-CU to determine the DL bearer mapping rule at gNB-DU. In addition, gNB-CU should determine the UL bearer mapping configuration at remote UE, UL and DL bearer mapping configuration at relay UE. These bearer mapping configuration may be sent to remote UE and relay UE via RRC signalling.
Proposal 3: gNB-DU should be responsible for the Uu/PC5 RLC channel configuration, encapsulation/removal of the Uu-SRAP subheader for remote UE’s DL/UL packet, determination of egress Uu RLC channel of relay UE for remote UE’s DL packet delivery, etc. 

Proposal 4: gNB-CU should be responsible for the Uu/PC5 RLC channel configuration request, determine the bearer mapping configuration at remote UE/relay UE/gNB-DU. 
Local remote UE ID allocation (CU vs. DU)

With regard to the remote UE ID included in the SRAP layer subheader, RAN2 has agreed that serving gNB of relay UE assigns the local remote UE ID. The detailed agreements reached in RAN2#116-e meeting are listed as follows.
	Relay UE is configured by gNB with the local/temp remote UE ID to be used in adaptation layer by RRCReconfiguration message, after reporting the remote UE’s L2ID via SUI message to gNB and before forwarding the first SRB0 UL message of the remote UE.  FFS if impact to the SUI contents is needed to enable this.

It is left to gNB implementation to avoid collision on the usage of local/temp remote UE ID.

gNB can update the local remote UE ID based on its implementation, and sends the updated ID via RRCReconfiguration message.

Serving gNB can perform local remote UE ID update (based on its implementation) independent of the PC5 unicast link L2 ID update procedure.  FFS if any spec impact.


When it comes to the CU/DU split scenario, it is not clear whether the CU or DU should be responsible for the local remote UE ID assignment. As we can see from the RAN2 agreements, relay UE may send the SidelinkUEInformation which include the remote UE’s L2ID to gNB upon receiving the first SRB0 UL message of remote UE. gNB may assign the local ID of remote UE and send the remote UE’s local ID configuration to relay UE. Only after relay UE receives the local remote UE ID from gNB, relay UE may include the local ID of remote UE in the SRAP layer subheader and forwards the remote UE’s RRC message/data packet to gNB. Since the RRC signalling is terminated at CU, it is reasonable for CU to assign the local remote UE ID. In this case, the local remote UE ID is unique within the CU scope. Suppose the previously PC5 connected remote UE performs re-establishment via another relay UE served by the same gNB, the local remote UE ID does not need to be changed. 
Proposal 5: It is suggested that CU is responsible for the local remote UE ID assignment. 
2.2 Procedure of remote UE’s RRC connection setup

In this section, we discuss the procedure related open issues for the initial RRC connection setup of remote UE.
Remote/relay UE identification during initial access procedure

Suppose DU receive the UL CP packet of remote UE from relay, DU should be able to associate the local remote UE ID included in the SRAP subheader with corresponding F1-C logical connection. Then the DU may forward the remote UE’s RRC signalling via remote UE’s logical F1 connection. Similarly, for the remote UE’s DL CP packet, the CU forwards the remote UE’s RRC signalling via remote UE’s logical F1 connection. DU should be able to identify the corresponding remote UE upon receiving remote UE’s RRC signalling. Then DU encapsulates the remote UE’s DL CP packet with SRAP subheader and delivers it to relay UE’s Uu RLC channel. 

As we can see, DU should be aware of the association between local remote UE ID and GNB-DU/CU UE F1AP ID. This issue also applies for the user plane packet, i.e., DU should be aware of the association between local remote UE ID/DRB ID and the remote UE’s GTP-U tunnel. In our opinion, this issue can be solved via legacy procedure. For example, upon receiving the first SRB0 RRC message of remote UE via Uu RLC channel, DU may detect that it is corresponding to SRB0 message, record the local remote UE ID and assign the gNB-DU UE F1AP ID for this remote UE. Then DU send the INITIAL UL RRC MESSAGE TRANSFER for remote UE to CU. Since the gNB-DU UE F1AP ID is allocated by DU based on the new local remote UE ID in the adaptation layer subheader, DU may associate the local remote UE ID and subsequent remote UE specific F1AP signalling. Since the remote UE’s GTP-U tunnel configuration is included in the remote UE specific F1AP signalling, DU may obtain the association between gNB assigned local remote UE ID/DRB ID and the remote UE’s GTP-U tunnel.

On the other hand, CU should be able to associate the remote UE’s F1-C connection with the local remote UE ID. Upon receiving the INITIAL UL RRC MESSAGE TRANSFER, CU know that a new UE is trying to set up RRC connection. However, CU has no idea that it is related with a remote UE and the corresponding local remote UE ID assigned by CU. Without this information, it is hard for the CU to initiate the PC5/Uu RLC channel and bearer mapping configuration for remote UE and relay UE. To solve this problem, it is necessary for DU to include the local ID of remote UE in the INITIAL UL RRC MESSAGE TRANSFER message. Upon receiving such message, CU may identify the remote UE based on the local ID of remote UE assigned by CU. In addition, CU may correlate the PC5 connected relay UE based on the relay UE’s context since the local ID of remote UE is initially configured to relay UE. In this case, it is not necessary to include the relay UE ID in the  INITIAL UL RRC MESSAGE TRANSFER message.

Proposal 6: It is suggested to include the local ID of remote UE in the INITIAL UL RRC MESSAGE TRANSFER message for the remote/relay UE identification purpose during initial access procedure.
Baseline flow chart for RRC establishment/resume/reestablishment for sidelink relay
An example signalling procedure for the initial RRC connection setup of remote UE is shown in Figure 4. The detailed steps are presented as follows:

1: The remote UE sends an RRCSetupRequest message via specified PC5 RLC channel to the relay UE;

2-5: Suppose relay UE has not gotten the local ID for remote UE, relay UE may request the local ID from gNB. The relay UE may send the SidelinkUEInformation or other RRC signalling to gNB to request local ID for remote UE. Upon receiving the SidelinkUEInformation, the gNB(e.g. CU) may assign the local ID of remote UE and send it to relay UE via RRCReconfiguration message. Since the SRAP layer via PC5 interface is supported for SRB and DRBs except SRB0, remote UE also need to know the local ID. In this case, the relay UE may send the local remote UE ID to remote UE via PC5 RRC signalling, as shown in the step 5’ in Figure 4. 

6.Suppose the relay UE has gotten the local ID for remote UE, relay UE may encapsulate the SRAP sub-header which include the local remote UE ID as well as the RB ID, and then forward the RRCSetupRequest message via Uu RLC channel to gNB-DU. Here the Uu RLC channel is network configured RLC channel for remote UE’s SRB0 message delivery. 

7.Upon receiving the RRCSetupRequest message from relay UE via Uu RLC channel, DU may detect that it is corresponding to SRB0 message based on the SRAP subheader. DU may identify that it is the first SRB0 RRC message from a remote UE. Then DU allocates a C-RNTI for the remote UE and records the association between relay UE and remote UE. Then DU allocates the gNB-DU UE F1AP ID for remote UE, and sends the INITIAL UL RRC MESSAGE TRANSFER which include the local ID of remote UE to CU. 
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Figure 4 Signalling procedure for the initial RRC connection setup of remote UE
8. Upon receiving the INITIAL UL RRC MESSAGE TRANSFER, gNB-CU could associate the F1-C connection with remote UE based on the local ID of remote UE. gNB-CU may allocate a gNB-CU UE F1AP ID for the remote UE and generates a RRCSetup message towards remote UE. Then gNB-CU send the DL RRC MESSAGE TRANSFER to gNB-DU, which may include the gNB-DU UE F1AP ID, gNB-CU UE F1AP ID, SRB ID and RRC container. The RRCcontainer may include the RRCSetup message sent from gNB to remote UE. 

9.Upon receiving the DL RRC MESSAGE TRANSFER, DU may identify the remote UE based on the gNB-DU UE F1AP ID as well as the corresponding SRB of the RRC message within the RRC-container. Then the DU may encapsulate the SRAP subheader with the remote UE’s local ID and RB ID and then deliver the RRC message (e.g. RRCSetup) to relay UE via Uu RLC channel. 

10. Upon receiving the RRCSetup message via Uu RLC channel, relay UE remove the SRAP subheader and then delivers the RRCSetup message to remote UE via specified PC5 RLC channel.  
11-13. Remote UE sends the RRCSetupComplete message to gNB DU via the forwarding of relay UE. At this time, the SRAP subheader may be encapsulated by the remote UE. And the relay UE may check the SRAP subheader, map the RRCSetupComplete message to corresponding Uu RLC channel and then send the packet to gNB-DU. The gNB-DU removes the SRAP subheader and encapsulates the RRC message in the UL RRC MESSAGE TRANSFER message for remote UE and sends it to the gNB-CU. 

14.Upon receiving the RRCSetupComplete message from remote UE, the gNB-CU sends the INITIAL UE MESSAGE to the AMF.

15.The AMF sends the INITIAL CONTEXT SETUP REQUEST message to the gNB-CU.

16.The gNB-CU sends the UE CONTEXT SETUP REQUEST message to establish the remote UE context in the gNB-DU. In this message, it may also encapsulate the SecurityModeCommand message. 
17-18. The gNB-DU sends the SecurityModeCommand message to the remote UE via the forwarding of relay UE.

19.The gNB-DU sends the UE CONTEXT SETUP RESPONSE message for remote UE to the gNB-CU.

20-21.The remote UE responds with the SecurityModeComplete message and sends it to gNB-DU via the relay UE.

22.The gNB-DU encapsulates the RRC message in the UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU.

23.The gNB-CU generates the RRCReconfiguration message for remote UE and encapsulates it in the DL RRC MESSAGE TRANSFER message 
24-25. The gNB-DU sends RRCReconfiguration message to the remote UE.

26-27. The remote UE sends RRCReconfigurationComplete message to the gNB-DU. 
28.The gNB-DU encapsulates the RRC message in the UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU.

29. The gNB-CU sends the INITIAL CONTEXT SETUP RESPONSE message to the AMF. 

At this stage, the RRC connection setup has been completed for the CU/DU split scenario. During this procedure, the gNB-CU may send the RRCReconfiguration message to relay UE and or remote UE for the Uu RLC channel and or PC5 RLC channel configuration as well as bearer mapping configuration. After that, the remote UE may initiate service request to establish DRBs for U2N data transmission.  

Proposal 7: It is suggested to consider the remote UE’s RRC connection setup procedure in CU/DU split scenario.

Conclusion
In this contribution, we discuss the architecture and procedure related open issues for sidelink relay. And we have the following observations and proposals:

Observation 1: Suppose the Uu-SRAP is terminated at gNB-CU, the F1-U and F1-C interface need to be modified to support the Uu-SRAP layer. The GTP-U tunnel corresponding to each relay UE’s Uu RLC channel need to be established to deliver remote UE’s traffic and the F1AP of relay UE should be enhanced to carry the Uu-SRAP PDU. 
Observation 2: Suppose the Uu-SRAP layer is terminated at gNB-DU, the legacy F1-U and F1-C protocol stack could be reused for remote UE, i.e., the F1-U tunnel corresponding to each remote UE’s Uu DRB and F1-C connection corresponding to remote UE can be setup between gNB-DU and gNB-CU. 
Proposal 1: For the L2 U2N relay scenario, the Uu-SRAP layer is terminated at gNB-DU.

Proposal 2: The legacy F1-U and F1-C protocol stack is reused for the remote UE. 

Proposal 3: gNB-DU should be responsible for the Uu/PC5 RLC channel configuration, encapsulation/removal of the Uu-SRAP subheader for remote UE’s DL/UL packet, determination of egress Uu RLC channel of relay UE for remote UE’s DL packet delivery, etc. 

Proposal 4: gNB-CU should be responsible for the Uu/PC5 RLC channel configuration request, determine the bearer mapping configuration at remote UE/relay UE/gNB-DU. 
Proposal 5: It is suggested that CU is responsible for the local remote UE ID assignment. 
Proposal 6: It is suggested to include the local ID of remote UE in the INITIAL UL RRC MESSAGE TRANSFER message for the remote/relay UE identification purpose during initial access procedure.
Proposal 7: It is suggested to consider the remote UE’s RRC connection setup procedure in CU/DU split scenario.
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