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1   Introduction
The CSI-RS configuration transfer over Xn was discussed at last meeting.  The offline discussion was summarized in [1]. In which two approaches were evaluated during the discussion.

· Approach 1: CSI-RS configuration of cells is exchanged in Xn setup procedure and may be updated in NG-RAN node configuration update.
· Approach 2: New request/response kind of class 1 procedure is introduced for cell CSI-RS configuration transfer.
The proposed way forward is to further investigate the benefits compared to the SSB based inter-node mobility, and the standard, realization impact between the two approaches.

This contribution continues the discussion and provides further analysis.
2   Discussion

· Justification of CSI-RS based inter-gNB mobility
The first issue to be clarified is the benefits of CSI-RS based inter-node mobility compared to the SSB based one. Here we provide some analysis.
· Usually, the beam which transmits CSI-RS is narrower than the one that transmits SSB and CSI-RS based measurement result is more accurate than the result measured based on synchronization signals.  Therefore, inter-gNB handover can be initiated even in case that the synchronization signal is weak.

· If supported, the source gNB can configure the UE with dedicated RACH resources associated to certain CSI-RS of target cell in handover command message. In this way, the UE can handover to the target cell with a higher success rate since random access via the resources associated with CSI-RS has less retransmission and higher RACH success rate than via the resources associated with SSB. 
· After handover, the UE can transmit in the target cell through the beam which is used for random access directly. The beam refinement step can be avoided which further benefits to user experience, e.g., smooth user throughput.
In conclusion, it is obvious that CSI-RS based inter-gNB mobility is also necessary and beneficial to support.
Observation 1: CSI-RS based inter-gNB mobility has advantages than SSB based handover and is beneficial to support.
Proposal 1: It is proposed RAN3 to support CSI-RS based inter-gNB mobility.
· Standard and realization impact analysis

The following table shows the standard and realization impact analysis for approach 1 and approach 2.
	
	Approach 1: exchanged in Xn setup
	Approach 2: new class 1 procedure

	RAN3 specification impact
	Less.
Only an optional IE in served cell information NR is needed on Xn and F1.


	More.
New class 1 procedure is needed for XnAP and F1AP as illustrated in the TP section.

	RAN2 specification
	Less.

RAN2 needs to define the proper inter-node message in TS 38.331.
	Less.

RAN2 needs to define the proper inter-node message in TS 38.331.

	Signalling overhead
	Assuming the CSI-RS configuration may change frequently, massive NG-RAN node configuration update signaling will be introduced.
However, how frequent and dynamic will the CSI-RS configuration be changed needs to consult RAN1.
	Signalling overhead will increase along with the increase of number of UEs requiring CSI-RS measurement.

	Handover time
	No impact. 

The CSI-RS configurations of neighbour node cells will be obtained beforehand.
	Will increase the handover time with a round trip time of Xn interface and a round trip time of F1 interface in case of CU DU function split. 
Impact on the handover time and measurement configure 

	Energy saving
	Bad.
CSI-RS designed by RAN1 in a cell can be switch on and off. This approach needs always transmit the CSI reference signals in a cell even in case there is no UE.
	Good.
CSI-RS in a cell can be switch on and off.


Proposal 2: It is proposed RAN3 to discuss and decide which approach should be adopted for CSI-RS configuration transfer over Xn.

Whichever approach is chosen, RAN2 needs to define the inter-node RRC message to carry the CSI-RS configurations over Xn.  The straightforward way is to use a RRC container considering the experience of introducing SMTC configuration over X2.
Proposal 3: The CSI-RS configurations are transferred in a container over Xn, and a LS should be sent to RAN2 to define the inter-node RRC message. 
3   Conclusion
This contribution continues the discussion of CSI-RS configuration transfer and proposes:
Observation 1: CSI-RS based inter-gNB mobility has advantages than SSB based handover and is beneficial to support.

Proposal 1: It is proposed RAN3 to support CSI-RS based inter-gNB mobility.
Proposal 2: It is proposed RAN3 to discuss and decide which approach should be adopted for CSI-RS configuration transfer over Xn.

Proposal 3: The CSI-RS configurations are transferred in a container over Xn, and a LS should be sent to RAN2 to define the inter-node RRC message. 
The stage 3 TPs for approach 1 and 2 are provided in section 5.
The draft LS is provide in [2].
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5   TP for TS 38.423 BL CR
<<<<<<<<<<<<<<<<<<<< Text Proposal for Approach 1 Begin >>>>>>>>>>>>>>>>>>>>
9.2.2.11
Served Cell Information NR

This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID

	NR CGI
	M
	
	9.2.2.7
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code

	RANAC
	O
	
	RAN Area Code

9.2.2.6
	

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs

	>PLMN Identity
	M
	
	9.2.2.4
	

	CHOICE NR-Mode-Info
	M
	
	
	

	>FDD
	
	
	
	

	>>FDD Info
	
	1
	
	

	>>>UL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	

	>>>DL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	

	>TDD
	
	
	
	

	>>TDD Info
	
	1
	
	

	>>>Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	

	>>>Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	

	Measurement Timing Configuration
	M
	
	OCTET STRING
	Contains the MeasurementTimingConfiguration inter-node message for the served cell, as defined in TS 38.331 [10].

	CSI-RS-ResourceConfig
	O
	
	OCTET STRING
	Contains the CSI-RS-ResourceConfig inter-node message for the served cell, as defined in TS 38.331 [10].


<<<<<<<<<<<<<<<<<<<< Text Proposal for Approach 1 End >>>>>>>>>>>>>>>>>>>>
<<<<<<<<<<<<<<<<<<<< Text Proposal for Approach 2 Begin >>>>>>>>>>>>>>>>>>>>
Table 8.1-1: Class 1 Elementary Procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE

	Retrieve UE Context
	RETRIEVE UE CONTEXT REQUEST
	RETRIEVE UE CONTEXT RESPONSE
	RETRIEVE UE CONTEXT FAILURE

	S-NG-RAN node Addition Preparation
	S-NODE ADDITION REQUEST
	S-NODE ADDITION REQUEST ACKNOWLEDGE
	S-NODE ADDITION REQUEST REJECT

	M-NG-RAN node initiated S-NG-RAN node Modification Preparation
	S-NODE MODIFICATION REQUEST
	S-NODE MODIFICATION REQUEST ACKNOWLEDGE
	S-NODE MODIFICATION REQUEST REJECT

	S-NG-RAN node initiated S-NG-RAN node Modification
	S-NODE MODIFICATION REQUIRED
	S-NODE MODIFICATION CONFIRM
	S-NODE MODIFICATION REFUSE

	M-NG-RAN node initiated S-NG-RAN node Release
	S-NODE RELEASE REQUEST
	S-NODE RELEASE REQUEST ACKNOWLEDGE
	S-NODE RELEASE REJECT

	S-NG-RAN node initiated S-NG-RAN node Release
	S-NODE RELEASE REQUIRED
	S-NODE RELEASE CONFIRM
	

	Xn Setup 
	XN SETUP REQUEST
	XN SETUP RESPONSE
	XN SETUP FAILURE

	NG-RAN node Configuration Update
	NG-RAN NODE CONFIGURATION UPDATE
	NG-RAN NODE CONFIGURATION UPDATE ACKNOWLEDGE
	NG-RAN NODE CONFIGURATION UPDATE FAILURE

	Cell Activation
	CELL ACTIVATION REQUEST
	CELL ACTIVATION RESPONSE
	CELL ACTIVATION FAILURE

	CSI-RS Resource Exchange
	CSI-RS RESOURCE REQUEST
	CSI-RS RESOURCE RESPONSE
	CSI-RS RESOURCE FAILURE


<<<<<<<<<<<<<<<<<<<< Next Text Proposal for Approach 2 >>>>>>>>>>>>>>>>>>>>
8.4.x

CSI-RS Resource Exchange
8.4.x.1

General

The purpose of the CSI-RS Resource Exchange procedure is to enable an NG-RAN node to acquire the CSI-RS resource configurations for cells of a neighbouring NG-RAN node.
The procedure uses non UE-associated signalling.

8.4.x.2

Successful Operation


[image: image1.emf] 
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Figure 8.4.x.2-1: CSI-RS Resource Request, successful operation
An NG-RAN node1 initiates the procedure by sending a CSI-RS RESOURCE REQUEST message to a peer NG-RAN node2. 

Upon receipt of this message, the NG-RAN node2 should indicate the CSI-RS resource configurations in the CSI-RS RESOURCE RESPONSE message for cells which are requested. 
The NG-RAN node1 may include a list of SSBs for which cells CSI-RS resource are requested, and if present the NG-RAN node2 shall include the CSI-RS configuration associated to those SSBs in the CSI-RS RESOURCE RESPONSE message.
8.4.x.3

Unsuccessful Operation

[image: image2.emf] 
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Figure 8.4.x.3-1: CSI-RS Resource Request, unsuccessful operation
If the NG-RAN node2 cannot reply the CSI-RS resource configuration for all the cells indicated in the CSI-RS RESORCE REQUEST message, it shall respond with a CSI-RS RESOURCE REQUEST FAILURE message with an appropriate cause value.

8.4.3.4

Abnormal Conditions

Not applicable.

<<<<<<<<<<<<<<<<<<<< Next Text Proposal for Approach 2 >>>>>>>>>>>>>>>>>>>>
9.1.3.x

CSI-RS RESOURCE REQUEST
This message is sent by the NG-RAN node1 to the NG-RAN node2 to request the CSI-RS resources.

Direction: NG-RAN node1 ( NG-RAN node2.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.2.21
	
	YES
	reject

	List of cells to Request
	
	1 .. < maxCellinNG-RANnode>
	
	
	
	

	>NR CGI
	M
	
	9.2.2.23
	
	
	

	>List of SSB
	
	0 ..<

maxSsbinCell>
	
	
	
	

	>>SSB ARFCN
	M
	
	INTEGER (0.. maxNRARFCN)
	
	
	

	>>List of SSB Index
	
	0 ..<

maxSsbinCell>
	
	
	
	

	>>>SSB Index
	M
	
	INTEGER (0..63)
	The identity of SSB
	
	


	Range bound
	Explanation

	maxCellinNG-RANnode
	Maximum no. cells that can be served by an NG-RAN node.

Value is 16384.

	maxSsbinCell
	Maximum no. SSBs that can be served by a cell. Value is 64.

	maxNRARFCN
	Maximum value of NRARFCNs. Value is 3279165.


<<<<<<<<<<<<<<<<<<<< Next Text Proposal for Approach 2 >>>>>>>>>>>>>>>>>>>>
9.1.3.y

CSI-RS RESOURCE REQUEST RESPONSE
This message is sent by the NG-RAN node2 to indicate to the NG-RAN node1 the CSI-RS resources configuration.

Direction: NG-RAN node2 ( NG-RAN node1.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.2.21
	
	YES
	reject

	List of cells to Response
	
	1 .. < maxCellinNG-RANnode>
	
	
	
	

	>NR CGI
	M
	
	9.2.2.23
	
	
	

	>>CSI-RS Resource
	M
	
	OCTET STRING
	
	
	


	Range bound
	Explanation

	maxCellinNG-RANnode
	Maximum no. cells that can be served by an NG-RAN node.

Value is 16384.


<<<<<<<<<<<<<<<<<<<< Next Text Proposal for Approach 2 >>>>>>>>>>>>>>>>>>>>
9.1.3.z

CSI-RS RESOURCE REQUEST FAILURE
This message is sent by the NG-RAN node2 to indicate the failure of the CSI-RS resources configuration acquisition.

Direction: NG-RAN node2 ( NG-RAN node1.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.2.21
	
	YES
	reject

	Cause
	M
	
	
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	
	
	YES
	ignore


<<<<<<<<<<<<<<<<<<<< Text Proposal for Approach 2 End >>>>>>>>>>>>>>>>>>>>
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