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1 Introduction

At the R17, RAN3 has discussed DL MLB. The UL MLB and MRO are left for R18.

In the paper we discuss the issues about UL MLB and MRO optimization for NR-U and provide corresponding TPs. 

2 Discussion
UL MLB

R17 have studied the DL MLB to transfer the DL load status via channel occupancy time percentage and energy detection threshold. For UL MLB, the same parameters can be used to represent the UL load status. The channel occupancy time percentage is available for gNB. For energy detection threshold, UE selects a value which is less than the max energy detection threshold. So RAN2 impact is required to get the UL energy detection threshold.
Proposal 1: Channel occupancy time percentage UL and energy detection threshold can be used to show the UL resource status of NR-U channel.

Proposal 2: RAN2 impact is required to get the UL energy detection threshold.
The channel access mechanism for NR-U is listen-before-talk which is a contention-based scheme. For one NR-U channel, it can be occupied by the cell and its neighbour cells. So there exists the case that although the load of one cell is low, that of its neighbour cells is high. If transferring the UE to such cell, the performance is not good due to high contention. Thus, for MLB, exchanging its own load status only is not sufficient to show the actual load status. The load or the contention of NR-U channel needs to consider both cell and its neighbour cells.
Proposal 3: Channel occupancy time percentage by neighbour cells is also needed to reflect the resource status of NR-U channel.
Based on discussion, there are two options to report resource status of neighbour cells.

· Option1: Current channel occupancy takes account of the load of its own and neighbour cells.

· Option2: Add a separate IE to show channel occupancy by neighbour cells.
From the LS from RAN1, whether the node to sense the NR-U channel even when no data needs to be transmitted is implementation specific as 
Q2: According to current specifications, is an NG-RAN node supposed to sense the NR-U channel even when no data needs to be transmitted or is channel sensing performed only when the NG-RAN node needs to exchange traffic over the NR-U channel?

Answer from RAN1: 

From RAN1 perspective, it is specified in TS 37.213 that a node (a gNB or a UE) shall perform the channel access procedures for accessing the channel(s) on which the transmission(s) are performed (as described in Section 4.1 for DL or Section 4.2 for UL, respectively). 

RAN1 specification doesn’t specify whether a node (a gNB or a UE) needs to perform the channel access procedures when no data needs to exchange traffic over the channel(s), which implies the node (the gNB or the UE) is not required to and not prohibited to perform the channel access procedures for such case. 

So we can not assume node to do all-time sensing to monitor the resource status. 
For option1, there might be two ways to take into account neighbour cell status: 

1) By sensing. Based on the LS from RAN1, the node may not sense the channel without traffic. Thus, the node can not get the full load information of the neighbour nodes. 
2) By getting the Channel Occupancy (CO) from neighbour via resource status reporting. The CO in such case might provide inaccurate information for LB. The CO would involve too many unnecessary neighbours’ status. For example, node2 is node1’s neighbour; node3 is node2’s neighbour; node4 is node3’s neighbour.  Node4 sends the status of its own and node4’s neighbours. Then node 3 send the status of its own and collected node3’s neighbour (including node4 and node 4’s neighbors). Same as node3, the node 2 sends the status of its own and collected node2’s neighbour (including node3, node4, node3’s other neighbour and node4’s neighbour). Actually, the interference of node4 and node4’s neighbour can be ignored for node2. The CO value in such case is large but the real load status of node2 for one shared resource is light. So the CO taking into account of neighbours might provide inaccurate information for the node to do LB decision.
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Figure 1. Example of option1
Observation 1: Current channel occupancy takes account of the load of its own and neighbour cells provides inaccurate information of resource status.
For option2, CO by neighbour cells is a clearer approach. As CO is already agreed as the parameter to show the load status of its own. A node can obtain the status of neighbour cells by collecting the CO of its neighbours. And then this node can share its own and its neighbours’ CO to neighbour nodes. As the example illustrated in Figure 1, node 3 and node 4 are the neighbouring node of node 2. Node 2 can get the CO status of node 3 and node 4 by resource status reporting, and then the node 2 send its CO as the status of its own and CO of node 3 and node 4 as the neighbouring cell status to node 1. Thus Option2 can effectively solve the issue that gNB may not sense the channel when there is no data to transmit. CO is good option to transmit the resource status of neighbour cell status for NR-U.
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Figure 2. Example of option2
Proposal 4: Channel Occupancy Time Percentage By Neighbour Cells is a good option to transmit the UL resource status of neighbour cells for NR-U.
MRO
The need for sending HOF due to LBT failure is the left issue for MRO. In this case, the target can adjust its configuration and not send HOF Report to the source, because the problem is not handover problem brought by source but configuration problem by target. So there is no need sending HOF due to LBT failure from target node to source node.
Proposal 5: There is no need to send HOF due to LBT failure from target node to source node.

The radio link failure may come from LBT failure. In this case, the node that radio link failure happens should collect the information of LBT failure to do optimization. The LBT failure information is required to be added to the RLF report to provide information from connected node to last serving node.
Proposal 6: It is required to send RLF report due to LBT failure from connected node to last serving node.
3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals and the TP.
Proposal 1: Channel occupancy time percentage UL and energy detection threshold can be used to show the UL resource status of NR-U channel.

Proposal 2: RAN2 impact is required to get the UL energy detection threshold.
Proposal 3: Channel occupancy time percentage by neighbour cells is also needed to show the resource status of NR-U channel.
Observation 1: Current channel occupancy takes account of the load of its own and neighbour cells provides inaccurate information of resource status.
Proposal 4: Channel Occupancy Time Percentage By Neighbour Cells is a good option to transmit the UL resource status of neighbour cells for NR-U.

Proposal 5: There is no need to send HOF due to LBT failure from target node to source node.
Proposal 6: It is required to send RLF report due to LBT failure from connected node to last serving node.
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5 Text proposal
5.1 TP for TS 38.423:
<<<<<<<<<<<<<<<<<<<< Start of the Change >>>>>>>>>>>>>>>>>>>>
9.1.3.21
RESOURCE STATUS UPDATE

This message is sent by NG-RAN node2 to NG-RAN node1 to report the results of the requested measurements.

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

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

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	NG-RAN node1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	YES
	ignore

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity

9.2.2.27


	
	–
	

	>>Radio Resource Status 
	O
	
	9.2.2.50
	
	–
	

	>>TNL Capacity Indicator
	O
	
	9.2.2.49
	
	–
	

	>>Composite Available Capacity Group
	O
	
	9.2.2.51
	
	–
	

	>>Slice Available Capacity
	O
	
	9.2.2.55
	
	–
	

	>>Number of Active UEs 
	O
	
	9.2.2.62
	
	–-
	

	>>RRC Connections
	O
	
	9.2.2.56
	
	–
	

	>>NR-U Channel List
	
	0..1
	
	
	YES
	ignore

	>>>NR-U Channel Item
	
	1..<maxnoofNR-UChannelIDs>
	
	
	–
	

	>>>>NR-U Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannelIDs, …)
	The NR-U channel utilised in the last reporting period 
	–
	

	>>>>Channel Occupancy Time Percentage DL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for DL traffic served by the corresponding cell. Value 100 corresponds to the duration between consecutive reporting.


	–
	

	>>>>Energy Detection Threshold DL
	M
	
	INTEGER (-100..-50,…)
	Average ED Threshold used for DL channel sensing. Value is in dBm. 
	–
	

	>>>>Channel Occupancy Time Percentage UL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for UL traffic served by the corresponding cell. Value 100 corresponds to the duration between consecutive reporting.


	–
	

	>>>>Energy Detection Threshold UL
	M
	
	INTEGER (-100..-50,…)
	Average ED Threshold used for UL channel sensing. Value is in dBm. 
	–
	

	>>>> Channel Occupancy Time Percentage By Neighbour Cells UL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for UL traffic served by the neighbour cells of the corresponding cell. Value 100 corresponds to the duration between consecutive reporting.


	–
	


	Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.

	maxnoofNR-UChannelIDs
	Maximum no. NR-U channel IDs in a cell. Value is 16. 


9.3.5
Information Element definitions

-- ASN1START

-- **************************************************************

--

-- Information Element Definitions

--

-- **************************************************************

XnAP-IEs {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)

ngran-access (22) modules (3) xnap (2) version1 (1) xnap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

**************** skip unchanged part *******************

NR-U-Channel-List ::= SEQUENCE (SIZE (1..maxnoofNR-UChannelIDs)) OF NR-U-Channel-Item 

NR-U-Channel-Item ::= SEQUENCE {


nR-U-ChannelID
NR-U-ChannelID,

channelOccupancyTimePercentageDL
ChannelOccupancyTimePercentage,

energyDetectionThresholdDL
EnergyDetectionThreshold,

channelOccupancyTimePercentageUL
ChannelOccupancyTimePercentage,


energyDetectionThresholdUL
EnergyDetectionThreshold,


neighbourChannelOccupancyTimePercentageUL
NeighbourChannelOccupancyTimePercentage,

iE-Extension

ProtocolExtensionContainer { {NR-U-Channel-Item-ExtIEs} } 
OPTIONAL,


...

}

NR-U-Channel-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

NR-U-ChannelID ::= INTEGER (1..maxnoofNR-UChannelIDs, ...)

ChannelOccupancyTimePercentage ::= INTEGER (1..100)

EnergyDetectionThreshold ::= INTEGER (-100..-50, ...)
NeighbourChannelOccupancyTimePercentage ::= INTEGER (1..100)

**************** skip unchanged part *******************

<<<<<<<<<<<<<<<<<<<< End of the Change >>>>>>>>>>>>>>>>>>>>

5.2 TP for TS 38.473:

<<<<<<<<<<<<<<<<<<<< Start of the Change >>>>>>>>>>>>>>>>>>>>
9.2.1.23
RESOURCE STATUS UPDATE

This message is sent by gNB-DU to gNB-CU to report the results of the requested measurements.

Direction: gNB-DU ( gNB-CU.

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

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	ignore

	Hardware Load Indicator 
	O
	
	9.3.1.136
	
	YES
	ignore

	TNL Capacity Indicator
	O
	
	9.3.1.128
	
	YES
	ignore

	Cell Measurement Result
	
	0..1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. <maxCellingNBDU >
	
	
	-
	

	>>Cell ID
	M
	
	NR CGI

9.3.1.12
	
	-
	

	>>Radio Resource Status 
	O
	
	9.3.1.129
	
	-
	

	>>Composite Available Capacity Group
	O
	
	9.3.1.130
	
	-
	

	>>Slice Available Capacity 
	O
	
	9.3.1.134
	
	-
	

	>>Number of Active UEs 
	O
	
	 9.3.1.135
	
	-
	

	>>NR-U Channel List
	
	0..1
	
	
	YES
	ignore

	>>>NR-U Channel Item
	
	1..<maxnoofNR-UChannels>
	
	
	-
	

	>>>>NR-U Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannelIDs, …)
	Identifies a portion of the NR-U Channel Bandwidth on which channel access procedure in shared spectrum has been performed in the last reporting period.


	-
	

	>>>>Channel Occupancy Time Percentage DL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for DL traffic served by the corresponding cell. Value 100 corresponds to the duration between consecutive reporting.


	-
	

	>>>>Energy Detection Threshold DL
	M
	
	INTEGER (-100..-50,…)
	Average ED Threshold used for DL channel sensing. Value is in dBm.
	-
	

	>>>>Channel Occupancy Time Percentage UL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for UL traffic served by the corresponding cell. Value 100 corresponds to the duration between consecutive reporting.


	-
	

	>>>>Energy Detection Threshold UL
	M
	
	INTEGER (-100..-50,…)
	Average ED Threshold used for UL channel sensing. Value is in dBm.
	-
	

	>>>> Channel Occupancy Time Percentage By Neighbour Cells UL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for UL traffic served by the neighbour cells of the corresponding cell. Value 100 corresponds to the duration between consecutive reporting.


	-
	


	Range bound
	Explanation

	maxCellingNBDU
	Maximum no. cells that can be served by a gNB-DU. Value is 512.

	maxnoofNR-UChannelIDs
	Maximum no. NR-U Channel IDs in a cell. Value is 16.


9.4.5
Information Element Definitions

-- ASN1START 

-- **************************************************************

--

-- Information Element Definitions

--

-- **************************************************************

F1AP-IEs {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 

ngran-access (22) modules (3) f1ap (3) version1 (1) f1ap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

**************** skip unchanged part *******************

NR-U-Channel-Item ::= SEQUENCE {


nR-U-ChannelID





INTEGER(1..maxnoofNR-UChannelIDs),


channelOccupancyTimePercentageDL

INTEGER(0..100,...), 

energyDetectionThresholdDL


INTEGER(0..100,...), 

channelOccupancyTimePercentageUL

INTEGER(0..100,...), 

energyDetectionThresholdUL


INTEGER(0..100,...), 

neighbourChannelOccupancyTimePercentageUL

INTEGER(0..100,...),


iE-Extensions


ProtocolExtensionContainer { { NR-U-Channel-Item-ExtIEs} } OPTIONAL,


...

}

**************** skip unchanged part *******************
<<<<<<<<<<<<<<<<<<<< End of the Change >>>>>>>>>>>>>>>>>>>>
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