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1. Introduction

In the latest version of 38.423 and 38.473, the NR-U channel load related information has been integrated within the resource status exchange among Xn and F1AP interfaces. Currently, the channel occupancy time percentage DL and energy detection threshold are included and regarded as metrics to describe the load among a specific NR-U channel.
After the meeting of RAN3 #116 [1], the following issues are left for further discussions:
· Whether to transmit channel occupancy of neighbor cells;

· Whether to introduce radio resource status and CAC per NR-U channel;

· Whether and how to revise the semantic description for channel occupancy DL.
In this contribution, we shall provide our opinions for the above issues.
2. Discussion
According to RAN1 specification TS 37.213, a node is not required to or not prohibited to perform the channel sensing when it has not data for transmission on the unlicensed channels. On the other hand, sensing channels brings extra energy costs. In this case, a node may not use the channel occupancy (CO) to always exactly describe the load of a specific unlicensed channel since it usually will not perform sensing all the time. Some companies figured that the sensing results from neighbour cells should be helpful and proposed that the CO from a node 3 can be sent to a node 1 via node 2, i.e. node 1 can acquire the CO from its neighbour cell’s neighbour cell even there is no direct Xn interface connections.
In our opinion, the CO does accurately describe the load during a sensing time, but it should be utilized for MLB on NR-U. There is no need for tow nodes to exchange CO information if they have no Xn interface among them, since even they know the load from each other, they are not able to execute the remaining offloading procedures. 
Proposal 1: CO information should be exchanged among gNBs which are directly connected by Xn interface.
Another remaining issue is whether to introduce radio resource status and CAC per NR-U channel. For the systems sharing the unlicensed bands, like Wi-Fi and Bluetooth, they also transfer over unlicensed bands in the way of channels with different ARFCN and bandwidth. Thus, for NR-U, different unlicensed channels may be sensed with different loads. Therefore, the LBT successful rate and interference also vary between different NR-U channels. 
In the current RAN3 specifications, only overall Channel occupancy time percentage DL and energy detection threshold are adopted for the channels one gNB utilized. However, NR-U nodes transfer in terms for specific channels. For example, according to clause 5.21.2 in TS 38.321, when a NR-U UE performs RACH procedures, it may transfer preamble in multiple BWPs on the unlicensed carrier. With detail load information, the UE is able to select BWP with relatively low traffic and thus promote the RACH successful rate and decline RACH time.

Proposal 2: RAN3 to introduce radio resource status and CAC per NR-U channel.
According to TS 37.213, the energy detection (ED) thresholds for UL and DL, though sharing the similar calculation method, are still separate. The gNB maintains the DL ED threshold itself while for UL ED threshold, the UE can either fetch it from gNB or calculate it based on the single channel bandwidth. Thus, we think in the current RESOURCE STATUS UPDATE, the IE Energy Detection Threshold should be changed to Energy Detection Threshold for DL.
Proposal 3: Change Energy Detection Threshold to Energy Detection Threshold for DL.

In addition, since the IE Channel occupancy time percentage DL and Energy Detection Threshold are both corresponding to a specific NR-U channel, therefore the described load traffic is also for the specific NR-U channel. But the current semantics description claims that the Channel occupancy time percentage DL is for the percentage of time for which the channel resources have been utilised for DL traffic served by the corresponding cell, which does not confirm to the facts.
Proposal 4: Change the semantics description for Channel occupancy time percentage DL from cell level to NR-U channel level.
3 Conclusion

In this paper, we further discuss the remaining FFS for specific issues and provide our further consideration about the difference of NR-U channel load between gNB and UE.
Proposal 1: CO information should be exchanged among gNBs which are directly connected by Xn interface.

Proposal 2: RAN3 to introduce radio resource status and CAC per NR-U channel.

Proposal 3: Change Energy Detection Threshold to Energy Detection Threshold for DL.

Proposal 4: Change the semantics description for Channel occupancy time percentage DL from cell level to NR-U channel level.
The corresponding CRs are provided in the Annex.
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/**********************Start of changes********************************/
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 NR-U Channel. 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. 
	–
	

	>>>>Radio Resource Status of NR-U
	O
	
	9.2.2.50
	Radio Resource Status per NR-U channel.
	
	

	>>>>Composite Available Capacity Group of NR-U
	O
	
	9.2.2.51
	Composite Available Capacity Group per NR-U channel.
	
	


	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. 


/**********************Next change********************************/
9.3.5
Information Element definitions
------ (Unchanged part omitted) ------

id-PositioningInformation,

id-ServedCellSpecificInfoReq-NR,
id-RadioResourceStatusofNR-U,

id-CompositeAvailableCapacityGroupofNR-U,

maxEARFCN,

maxnoofAllowedAreas,

------(Unchanged part omitted)------

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,


iE-Extension

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

...

}

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

{ ID id-RadioResourceStatusofNR-U CRITICALITY ignore EXTENSION RadioResourceStatus PRESENCE optional}|

{ ID id-CompositeAvailableCapacityGroupofNR-U CRITICALITY ignore EXTENSION CompositeAvailableCapacityGroup PRESENCE optional}|

...

}

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

ChannelOccupancyTimePercentage ::= INTEGER (0..100,...)

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

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


nR-U-ChannelID





NR-U-ChannelID,


channelOccupancyTimePercentageDL
ChannelOccupancyTimePercentage,


energyDetectionThreshold


EnergyDetectionThreshold,


iE-Extension

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

...

}

9.3.7
Constant definitions
------(Unchanged part omitted)------

id-ManagementBasedMDTPLMNModificationList









ProtocolIE-ID ::= 362

id-F1-terminatingIAB-donorIndicator











ProtocolIE-ID ::= 363

id-RadioResourceStatusofNR-U                                                   ProtocalIE-ID ::= xx1
id-CompositeAvailableCapacityGroupofNR-U                                       ProtocalIE-ID ::= xx2
/**********************End of changes********************************/
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/**********************Start of changes********************************/
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-UChannelIDs>
	
	
	-
	

	>>>>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 NR-U Channel. 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.
	-
	

	>>>>Radio Resource Status of NR-U
	O
	
	9.3.1.129
	Radio Resource Status per NR-U channel.
	
	

	>>>>Composite Available Capacity Group of NR-U
	O
	
	9.3.1.130
	Composite Available Capacity Group per NR-U channel.
	
	


	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.


/**********************Next change********************************/
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

IMPORTS

------(Unchanged part omitted)------

id-SL-RLC-ChannelToAddModList,
id-SIB15-message,
id-ChannelOccupancyTimePercentageDL,

id-EnergyDetectionThresholdDL,

id-RadioResourceStatusofNR-U,

id-CompositeAvailableCapacityGroupofNR-U,
maxNRARFCN,
------(Unchanged part omitted)------

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


nr-U-channel-ID

INTEGER(1..4,...),


nR-ARFCN



INTEGER (0..maxNRARFCN),


bandwidth



ENUMERATED{mHz-10,mHz-20,mHz-40, mHz-60, mHz-80,...},


iE-Extensions


ProtocolExtensionContainer { { NR-U-Channel-Info-List-ExtIEs } }

OPTIONAL,


...

}

NR-U-Channel-Info-List-ExtIEs
F1AP-PROTOCOL-EXTENSION ::= {


...

}

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

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


nR-U-ChannelID





INTEGER(1..maxnoofNR-UChannelIDs),


channelOccupancyTimePercentageDL

ChannelOccupancyTimePercentage, 

energyDetectionThresholdDL



EnergyDetectionThreshold, 

iE-Extensions


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


...

}

NR-U-Channel-Item-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {

{ ID id-RadioResourceStatusofNR-U CRITICALITY ignore EXTENSION RadioResourceStatus PRESENCE optional}|

{ ID id-CompositeAvailableCapacityGroupofNR-U CRITICALITY ignore EXTENSION CompositeAvailableCapacityGroup PRESENCE optional}|
...

}

------(Unchanged part omitted)------

id-ActivationRequestType







ProtocolIE-ID ::= 649
id-PosMeasGapPreConfigList






ProtocolIE-ID ::= 650
id-RadioResourceStatusofNR-U                            ProtocalIE-ID ::= xx1

id-CompositeAvailableCapacityGroupofNR-U                ProtocalIE-ID ::= xx2

END

/**********************End of changes********************************/
