3GPP TSG-RAN WG3 Meeting #119	R3-230425
Athens, GR, 27th February – 3rd March 2023

[bookmark: _GoBack]Title: 	(TPs for SON BLCRs for TS 38.401 and TS 38.423): SL relay: Inter-gNB mobility
Source: 	Huawei
Agenda item:	16.3
Document Type:	other
1. Introduction
In last RAN3 meeting, we have reached the following agreements for the service continuity scenarios in R18 SL relay enhancement (as shown in figure 1).
	Turn WA to agreement: Source gNB selects the target path type (direct or indirect).
Focus on the following two ways for the future discussion,
- Way1: to go for Op1, and Op2 can be further discussed.
- Way2: accept Op2, or at least as a compromise.
No more discussion on Op3 in RAN3.
For Op2, continue discussion on following:
- FFS on which node (source node or target node) decides the target cell in case of inter-gNB path switching
Proponents of Option 2 should provide more details on the whole mechanism, e.g.,
- Whether source node can choose candidate relay UEs belonging to multiple target cells or can we restrict to candidate relays belonging to one target cell
- Whether source node can choose candidate relay?UEs belonging to multiple target gNBs or can we restrict to candidate relays belonging to one target gNB
- Potential stage-3 impacts (e.g., number of candidate relays that needs to be signaled to target gNB)
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Figure 1. Service continuity scenarios in R18 SL relay enhancement
At this stage, the main controversy is the relay UE selection in the inter-gNB direct-to-indirect/indirect-to-indirect path switching case. In last meeting, option 3, e.g., source gNB provides the measurement information of remote UE(s) to the target gNB for target relay UE selection, was ruled out. In this paper, we will discuss the relay UE selection issue and solve the FFSs. For inter-gNB indirect-to-direct path switching and intra-gNB indirect-to-indirect path switching, we will see that the legacy handover procedures can be reused, without additional RAN3 spec impact.
2. Discussion
2.1 Target relay UE selection
For the target relay UE selection issue, two candidate options are down selected and measurement information transferred from source gNB to target gNB are excluded in last meeting. In the following, we will specify the role of source gNB and target gNB and discuss the pros and cons for the candidate options.
· Option 1: source gNB selects one target relay UE and sends the ID related information to the target gNB
· Option 2: source gNB sends a list of candidate target relay UE information to the target gNB for selection
In Option 1, source gNB selects the target relay UE, then target gNB will accept or reject to access this target relay, i.e., target gNB will not involve the target relay UE selection. This option is aligned with the legacy HO procedure. The only impact is source gNB need to contain the target relay UE information, e.g. target relay UE ID and cell ID, in the Xn signalling. Comparing with other options illustrated below, Option 1 can have the minimized spec impact. 
Observation 1: It is aligned with the legacy HO procedure to let source gNB selects the target relay UE, which also has the minimized spec impact.
Some company concerns that since source gNB does not know the relay UE condition at the target gNB, for example Uu quantity, the selected relay UE may be improper, which may cause handover failure. In R17, relay UE is allowed to transmit discovery message only when its Uu quantity meets the configured threshold. Moreover, A UE supporting relay service can choose to be a relay or not by its implementation. For example, a relay UE can stop the discovery message transmission if its traffic load is too high. Therefore, it is not a big issue that source gNB do not aware the relay UE condition under the target gNB.
Observation 2: A UE that supporting relay service can decides to be a relay UE or not by implementation. For example, the UE can stop the discovery message if it is improper to be a relay UE. 
In option 2, source gNB selects a list of candidate relay UEs based on remote UE’s reporting, and sends the list to target gNB. The target gNB will select the target relay UE from the UE list. The target gNB has more knowledge of the candidate relay UEs, e.g., RRC state and UE load, thus it may have a better target relay UE selection and reduce the handover failure. As a prise, source gNB need to send the information of multiple candidate relay UEs, which will complex the Xn signalling. Besides, if the candidate relay UE is in RRC_IDLE/RRC_INACTIVE, the target gNB has little information of the candidate relay UE as well.
As indicated in the FFSs, for option 2, we should specify whether the candidate relay UEs belong to multiple gNBs or a single gNB. Further, if the candidate relay UEs belong to one target gNB, whether the relay UEs can be in multiple cells or only can be in a single cell. The answer for the first question is obvious that candidate relay UEs should be in a single target gNB, since the target gNB only decides the handover to itself. In other word, the handover procedure to different target gNBs are parallel.  
Proposal 1. If source gNB sends a list of candidate target relay UE information to the target gNB, these UEs should be in the same target gNB.
For the second question, if we choose candidate relay UE belong to different cell, then we need to specify new IEs to contain the cell information for the candidate relay UEs. Besides, how to determine the legacy Target Cell Global ID IE value should be discussed. 
In the handover request message, AS Security Information is contained for the target gNB to prepare the configuration of the AS security relation between the UE and the target gNB. The Key NG-RAN Star in AS security information is derived based on the target PCI. It means that the source gNB needs to derive and send a list of AS security information for each cell, if the source gNB sends a list of candidate relay UEs belong to different cells. This will introduce spec impact and signalling overhead. As a comprise, the candidate relay UEs can be restricted into a single target cell, then the target cell ID can be contained in the Target Cell Global ID IE in the handover request message. 
--------------------------------------------------------------------TS 38.423-------------------------------------------------------------
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The AS Security Information IE is used to generate the key material to be used for AS security with the UE.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Key NG-RAN Star
	M
	
	BIT STRING (256)
	KNG-RAN* defined in TS 33.501 [28].

	Next Hop Chaining Count
	M
	
	INTEGER (0..7)
	Next Hop Chaining Count (NCC) defined in TS 33.501 [28]


----------------------------------------------------------------------------------------------------------------------------------------------
Observation 3. In Option 2, if the candidate relay UE belongs to different cell, new IEs are needed to contain the information of target cells in the handover request message. Besides, AS Security Information for each target cell should be contained together, which can introduces spec impact and signalling overhead.
Option 2 also splits the handover responsibilities in source gNB and target gNB as source and target will all involve in the target relay UE selection. This is not align with the legacy principle. In legacy inter-gNB handover procedure, the source gNB decides to initiate the handover for a UE based on the measurement report, and determines the target cell. The target gNB performs admission control and determines configuration at the target cell for the UE, i.e., the target gNB does not have the chance to select the target cell. That is to say, it is source gNB’s responsibility or KPI (key performance indicator) to guarantee the handover success of the UE.  
Observation 4: In legacy inter-gNB handover procedure, it is source gNB’s KPI to guarantee the handover success of a UE. But Option 2 can splits the handover responsibilities in source gNB and target gNB. 
The tabular below lists all the pros and cons for option 1 and option 2 to have a straight comparison of the two options.
	
	Pros
	Cons

	Option1
	- Align with legacy handover
- Less spec impact 
	- may cause handover failure since source gNB does not know the relay UE condition at the target gNB
(A UE can refuse to be a relay UE, i.e., do not transmit discover message, if it is not proper to be a relay UE by implementation.  The Uu threshold condition can guarantee the Uu quantity of the relay UE.)

	Option2
	- Target gNB has more knowledge of the candidate relay UEs, thus can choose a proper target relay UE.
- Reduce handover failure
	- not align with the legacy handover principle
- Introduces spec impact and signalling overhead, especially when candidate relay UEs belong to different cell. 
· Cell list and the AS security information for each cell.
· Legacy Target Cell Global ID IE filling
-  split the responsibilities between source gNB and target gNB.



Based on above discussion, we prefer Option 1 for its less spec impact and the alignment with legacy handover.
Proposal 2: Source gNB selects the target relay UE if it decides to switch the UE to an indirect path.
And if option 2 is anyway selected, we think it is better to restrict the candidate relay UEs in a single target cell, which can have the minimized specification impact.
Proposal 3. If Option 2 is anyway adopted for relay UE selection, the candidate relay UEs should be restricted in a single target cell to reduce the spec impact and signalling overhead.
In the following, we will show the whole working procedures of the path switch procedure based on proposal 2, and discuss the potential impacts on RAN3.

2.2 Inter-gNB direct-to-indirect/indirect-to-indirect path switching
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Figure 2.  Inter-gNB direct-to-indirect path switching procedure
In inter-gNB direct-to-indirect path switching, source gNB determines to switch the remote UE (For simplicity, it is called remote UE regardless of whether it is connected to relay UE or not) to a target relay UE when the Uu RSRP of the source cell works not well. Figure 2 shows the inter-gNB direct-to-indirect path switching procedure, which is extended from Rel-17 intra-gNB direct-to-indirect path switch procedure for L2 U2N remote UE as defined in clause 16.12.6.2 in TS 38.300.
Step 1/2. remote UE reports the candidate relay UE(s), which are discovered by discovery procedure. The results includes at least the relay UE ID (source Layer-2 ID of relay UE), relay UE’s serving cell ID, and sidelink measurement quantity (SD-RSRP derived by measuring the broadcasted discovery message from relay UE).
Step 3. Based on the measurement results, the source gNB decides to do the direct-to-indirect path switch. Source gNB decides to switch the remote UE to a target relay UE in the target gNB based on the measurement reporting. 
Step 4: Source gNB includes the target relay UE ID and the relay UE’s serving Cell ID in the HANDOVER REQUEST message. The relay UE’s serving Cell ID information can be carried in the legacy Target Cell Global ID IE. 
Proposal 4: In inter-gNB direct to indirect path switching, the source gNB decides the target relay UE and indicate the target relay UE information, i.e., relay UE ID and cell ID, in HO request message.
Step 5. Target gNB determines RRC configuration for the remote UE at the target relay UE, and sends it via HANDOVER REQUEST ACKNOWLEDGE to the source gNB.
Step 6. Source gNB sends the RRC configuration to remote UE.
Step 7. Source gNB sends the relaying configurations to the relay UE via RRC message.
Step 8. The remote UE establishes the sidelink RRC connection with the target relay UE if it does not exist.
Step 9. The remote UE responses the RRC complete message to gNB via the relay UE.
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Figure 3.  Inter-gNB indirect-to-indirect path switching procedure

Figure 3 shows the inter-gNB indirect-to-indirect path switch procedure. In step 1 and step 2, remote UE triggers to report the candidate relay UE(s), when the sidelink measurement quantity between relay UE and remote UE shows deteriorated link quality. The following steps 3 to 9 are the same as those for inter-gNB direct-to-indirect path switch, and the HO preparation between source gNB and target gNB can refer to the above discussion. The difference is the source gNB needs to release the source relay UE, which is implemented in step 10. Besides, the remote UE or the source relay UE can release the PC5 connection in between after receiving the RRC reconfiguration. 
Proposal 5: In inter-gNB indirect-to-indirect path switching, the HO preparation between Source gNB and Target gNB is performed in the same way as inter-gNB direct to indirect path switching, without additional RAN3 spec impact.

2.3 Inter-gNB indirect-to-direct path switching

Figure 4.  Inter-gNB indirect-to-direct path switching procedureremote UE
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In inter-gNB indirect-to-direct path switching, source gNB decides to switch the UE to a target cell under the target gNB based on the measurement report, if the indirect path under the source gNB works not well, e.g. the sidelink measurement quantity between the relay UE and the remote UE is lower than a threshold. Figure 4 shows the inter-gNB indirect-to-direct path switch procedure which is extended from Rel-17 intra-gNB path switching procedure as defined in clause 16.12.6.1 of TS 38.300.
Step 1. remote UE triggers the measurements report when the sidelink measurement quantity between relay UE and remote UE becomes deteriorated. remote UE reports the Uu measurements of neighbour cells according the measurement configuration.
Step 2. Source gNB decides to switch the remote UE to a target cell in the target gNB based on the reporting results.  
Step 3. Source gNB sends the HANDOVER REQUEST message to target gNB over the Xn interface/ NG interface, which contains target cell ID, remote UE’s UE context, and other necessary information. (In the figure, Xn-based path switching is taken as the example)
Step 4. Target gNB determines RRC configuration for the remote UE at the target cell, and sends it via HANDOVER REQUEST ACKNOWLEDGE message to the source gNB.
Step 5. Source gNB sends the RRC configuration to remote UE.
Step 6. The UE (remote UE in previous steps) accesses to the target cell in the target gNB.
Step 7. The UE sends the RRC Reconfiguration complete message to target gNB via the Uu link.
Step 8. Source gNB sends RRC Reconfiguration message to the relay UE to reconfigure the connection between the L2 U2N relay UE and the gNB.
Step 9. Sidelink between remote UE and relay UE is released.
In the above procedures, the handover preparation procedure in step 3 and step 4 is used to establish the necessary resource on the target gNB for the UE, which is the same as those used for a normal UE’s handover procedure. 
Proposal 6: In inter-gNB indirect-to-direct path switching, the HO preparation procedure between source gNB and target gNB is performed in the same way as legacy inter-gNB HO, without additional RAN3 spec impact.

2.4 Intra-gNB indirect-to-indirect path switching
Figure 5 shows the indirect-to-indirect path switching procedure. Compared to the inter-gNB case, the gNB of remote UE will select the target relay UE and determine the RRC configuration in the target cell, so procedures over Xn interface is not necessary. Reusing R17 SL relay configurations is enough in this case. 
Observation 5: For intra-gNB indirect-to-indirect path switching, legacy mechanism for R17 SL relay can be reused, without RAN3 spec impact.
Under CU-DU split structure, the procedures in Figure 8.19.4.1-1 and Figure 8.19.4.2-1 of TS 38.401 can be reused for inter-gNB-DU indirect-to-indirect path switching and intra-gNB-DU indirect-to-indirect path switching separately. Compared with the existing direct-to-indirect path switching procedure, the only extra steps are gNB-CU should release the relaying configurations at the source relay UE side.
Proposal 7: For intra-gNB indirect-to-indirect path switching under CU-DU split structure, the legacy mechanism for R17 inter-gNB-DU direct-to-indirect path switching and intra-gNB-DU direct-to-indirect path switching can be reused, without additional RAN3 spec impact.
Proposal 8: Add simple stage-2 description for intra-gNB indirect-to-indirect path switching by re-using existing stage 2 description for direct-to-indirect.
remote UE
relay UE
S-gNB
Target relay UE
3. HO decision
1. U2N Relay discovery
9. sidelink release
8. RRC Reconfiguration
5. RRC Reconfiguration for remote UE
2. Measurement configuration and reporting, contain the target relay UE info
UL and DL data
4. RRC Reconfiguration message
6. sidelink establishment if not exist
7. RRC Reconfiguration complete message


Figure 5.  Intra-gNB indirect-to-indirect path switching procedure

3. Conclusion
Based on the above discussion, we have the following proposes:
Target relay UE selection
Observation 1: It is aligned with the legacy HO procedure to let source gNB selects the target relay UE, which also has the minimized spec impact.
Observation 2: A UE that supporting relay service can decides to be a relay UE or not by implementation. For example, the UE can stop the discovery message if it is improper to be a relay UE. 
Observation 3. In Option 2, if the candidate relay UE belongs to different cell, new IEs are needed to contain the information of target cells in the handover request message. Besides, AS Security Information for each target cell should be contained together, which can introduces spec impact and signalling overhead.
Observation 4: In legacy inter-gNB handover procedure, it is source gNB’s KPI to guarantee the handover success of a UE. But Option 2 can splits the handover responsibilities in source gNB and target gNB. 
Proposal 1. If source gNB sends a list of candidate target relay UE information to the target gNB, these UEs should be in the same target gNB.
Proposal 2: Source gNB selects the target relay UE if it decides to switch the UE to an indirect path.
Proposal 3. If Option 2 is anyway adopted for relay UE selection, the candidate relay UEs should be restricted in a single target cell to reduce the spec impact and signalling overhead.
Inter-gNB direct-to-indirect/indirect-to-indirect path switching
Proposal 4: In inter-gNB direct to indirect path switching, the source gNB decides the target relay UE and indicate the target relay UE information, i.e., relay UE ID and cell ID, in HO request message.
Proposal 5: In inter-gNB indirect-to-indirect path switching, the HO preparation between Source gNB and Target gNB is performed in the same way as inter-gNB direct to indirect path switching, without additional RAN3 spec impact.
Inter-gNB indirect-to-direct path switching
Proposal 6: In inter-gNB indirect-to-direct path switching, the HO preparation procedure between source gNB and target gNB is performed in the same way as legacy inter-gNB HO, without additional RAN3 spec impact.
Intra-gNB indirect-to-indirect path switching
Observation 5: For intra-gNB indirect-to-indirect path switching, legacy mechanism for R17 SL relay can be reused, without RAN3 spec impact.
Proposal 7: For intra-gNB indirect-to-indirect path switching under CU-DU split structure, the legacy mechanism for R17 inter-gNB-DU direct-to-indirect path switching and intra-gNB-DU direct-to-indirect path switching can be reused, without additional RAN3 spec impact.
Proposal 8: Add simple stage-2 description for intra-gNB indirect-to-indirect path switching by re-using existing stage 2 description for direct-to-indirect.
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---------------------------------------------------------------TP for TS 38.401------------------------------------------------------------
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8.19.4.3	Inter-gNB-DU switch from indirect to indirect path
The signalling flow for U2N remote UE switch from indirect to indirect path with gNB-DU change can refer to 8.19.4.1 with the extra steps that gNB-CU releases the relaying configurations at the source relay UE side.
8.19.4.3	Intra-gNB-DU switch from indirect to indirect path
The signalling flow for U2N remote UE switch from indirect to indirect path without gNB-DU change can refer to 8.19.4.2 with the extra steps that gNB-CU releases the relaying configurations at the source relay UE side.
------------------------------------------------------------TP for TS 38.401 ends---------------------------------------------------------
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This message is sent by the source NG-RAN node to the target NG-RAN node to request the preparation of resources for a handover.
Direction: source NG-RAN node  target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	AMF UE NGAP ID
9.2.3.26
	Allocated at the AMF on the source NG-C connection.
	–
	

	>Signalling TNL association address at source NG-C side
	M
	
	CP Transport Layer Information
9.2.3.31
	This IE indicates the AMF’s IP address of the SCTP association used at the source NG-C interface instance.
Note: If no UE TNLA binding exists at the source NG-RAN node, the source NG-RAN node indicates the TNL association address it would have selected if it would have had to create a UE TNLA binding.
	–
	

	>UE Security Capabilities
	M
	
	9.2.3.49
	
	–
	

	>AS Security Information
	M
	
	9.2.3.50
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.3.23
	
	–
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]>UE Aggregate Maximum Bit Rate
	M
	
	9.2.3.17
	
	–
	

	>PDU Session Resources To Be Setup List
	
	1
	9.2.1.1
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;
and in addition, the source side QoS flow  DRB mapping
	–
	

	>RRC Context
	M
	
	OCTET STRING
	Either includes the HandoverPreparationInformation message as defined in subclause 10.2.2. of TS 36.331 [14], or the HandoverPreparationInformation-NB message as defined in subclause 10.6.2 of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverPreparationInformation message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	–
	

	>Mobility Restriction List
	O
	
	9.2.3.53
	
	–
	

	>5GC Mobility Restriction List Container
	O
	
	9.2.3.100
	
	YES
	ignore

	[bookmark: _Hlk44414173]>NR UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.107
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	>LTE UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.108
	This IE applies only if the UE is authorized for LTE V2X services.
	YES
	ignore

	>Management Based MDT PLMN List 
	O
	
	MDT PLMN List
9.2.3.133
	
	YES
	ignore

	>UE Radio Capability ID
	O
	
	9.2.3.138
	
	YES
	reject

	>MBS Session Information List
	O
	
	9.2.1.36
	
	YES
	ignore

	>5G ProSe UE PC5 Aggregate Maximum Bit Rate
	O
	
	NR UE Sidelink Aggregate Maximum Bit Rate
9.2.3.107
	This IE applies only if the UE is authorized for 5G ProSe services.
	YES
	ignore

	>UE Slice Maximum Bit Rate List
	O
	
	9.2.3.167
	
	YES
	ignore

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	UE History Information
	M
	
	9.2.3.64
	
	YES
	ignore

	UE Context Reference at the S-NG-RAN node
	O
	
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	–
	

	Conditional Handover Information Request
	O
	
	
	
	YES
	reject

	>CHO Trigger
	M
	
	ENUMERATED (CHO-initiation, CHO-replace, …)
	
	–
	

	>Target NG-RAN node UE XnAP ID
	C-ifCHOmod
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	–
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	–
	

	NR V2X Services Authorized
	O
	
	[bookmark: _Hlk44414243]9.2.3.105
	
	YES
	ignore

	LTE V2X Services Authorized
	O
	
	9.2.3.106
	
	YES
	ignore

	PC5 QoS Parameters
	O
	
	9.2.3.109
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information related to the handover; the source NG-RAN node provides it in order to enable later analysis of the conditions that led to a wrong HO.
	YES
	ignore

	UE History Information from the UE
	O
	
	[bookmark: _Hlk44418955]9.2.3.110
	
	YES
	ignore

	IAB Node Indication
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	No PDU Session Indication
	O
	
	ENUMERATED (true, ...)
	This IE applies only if the UE is an IAB-MT.
	YES
	ignore

	Time Synchronisation Assistance Information 
	O
	
	9.2.3.153
	
	YES
	ignore

	QMC Configuration Information
	O
	
	9.2.3.156
	
	YES
	ignore

	5G ProSe Authorized
	O
	
	9.2.3.159
	
	YES
	ignore

	5G ProSe PC5 QoS Parameters
	O
	
	9.2.3.160
	This IE applies only if the UE is authorized for 5G ProSe services.
	YES
	ignore

	Target relay UE info
	O
	
	9.2.3.x
	This IE indicates the identity of target relay UE when the source NG-RAN decides to swith the UE to an indirect path.
	
	



	Condition
	Explanation

	ifCHOmod
	This IE shall be present if the CHO Trigger IE is present and set to "CHO-replace".




	Range bound
	Explanation

	maxnoofMDTPLMNs
	PLMNs in the Management Based MDT PLMN list. Value is 16.



[bookmark: _Toc98868594][bookmark: _Toc105174879][bookmark: _Toc106109716]9.2.3.x	Target relay UE info
This IE contains the identity of the target relay UE when the source NG-RAN decides to switch the UE to an indirect path.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Target relay UE ID
	M
	
	BIT STRING(SIZE(24))
	The IE contains the SL-SourceIdentity for the target relay UE, as defined in TS 38.331 [10].


-----------------------------------------------------TP for 38.473 ends--------------------------------------------------------------------
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