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1 Introduction

CB: # SONMDT10_NRU
- MLB for NR-U
  - Channel occupancy or Channel availability?
  - Other potential load metrics?
- MRO for NR-U

 - Additional UE measurements and LBT related information in the RLF report?

 - Parameters related to RAN2, LS to RAN2?
- Any other topics?

- Capture agreements and open issues
(E/// - moderator)

Summary of offline discussion R3-215859
2 For the Chairman’s Notes

· It is proposed to agree to the following data structure as a baseline, with the understanding that it can be expanded with further information:

	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
	
	
	
	

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

	>>>>Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannels, …)
	The NR-U channel utilised in the last reporting period [FFS how an NR-U channel can be defined]
	
	

	>>>>Channel occupancy time percentage
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for traffic served by the corresponding cell 
	
	


· Agree to TP in R3-21xxxx (Ericsson)

· Whether information on other types of Channel Occupancy time percentages is included, e.g. Channel Occupancy time percentage for other NG-RAN nodes and their served UEs, is FFS

· Discussions should focus on whether an NG-RAN node is assumed to measure what 3GPP mandated as essential or whether an NG-RAN node is assumed to measure more than that
· It is proposed to send an LS to RAN1 and RAN2, asking how an NR-U channel can be represented and, if agreeable, providing a possible description identified by RAN3 for the NR-U channel representation.

· Draft LS in R3-21xxxx (Samsung)

· Signalling of metrics representing Un-successful LBT events, LBT Backoff Time, LBT Sensing Duration is FFS

· Signalling the ED threshold is FFS. The following should be clarified and questions may be added in an LS to RAN1 and RAN2:

· How is the ED threshold configured

· What is the ED threshold granularity (per channel, per cell, per UE…) 


· It is FFS whether UE measurements would be needed to support MLB for NR-U and how NR-U channel occupancy and resource utilization in UL can be achieved
· It is agreed that MRO support for NR-U requires the UE to provide new information, e.g. within RLF Report
· Agree that enhancements to support NR-U to resolve HOF cases should be prioritised.

· Other cases are also of relevance and should be addressed if time allows, e.g.

· Enhancements to RACH Reports

· Enhancements to Successful HO Reports

· Enhancements to Re-establishment procedures

The involvement of RAN2 is required to determine what enhancements are needed.

· It is FFS how the UE should report information concerning LBT failure events
3 Discussion 

During RAN3-113e the following agreements were captured:

Agree to the introduction of the following metrics to the Resource Status Indication and Resource Status Reporting procedures over Xn:
-
To report, as part of load information for cells supporting NR-U, information about the time when the cell resources of the NR-U cell were accessible, i.e. when access to such resources by means of LBT was successful

-
During the time when NR-U resources are accessible, to report load metrics currently in the Xn: Resource Status Update 

-
To report such load metrics on a per cell and per NR-U channel (20MHz) granularity

Details on the metrics definition is FFS

Agree that the metrics above are collected at RAN level and have no UE impact

It is agreed that RAN3 analyses the applicability of the current MRO solution to NR-U. 

· Shortfalls in the MRO solution with respect to NR-U deployments should be identified (if any)

· Solutions (if any) should be described and possibly agreed

· Once the use case and needed solutions are identified, RAN3 should involve RAN2 for further progress and convergence 

It is agreed that HO failure cases are prioritized when analysing whether MRO needs improvements for NR-U deployments

The following was also proposed and captured during offline discussions at RAN3-113e:

It is proposed to take the following structure as a starting point for the next meeting´s discussions on Resource Status Updates for NR-U:

	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


	
	–
	

	>>NR-U Channel List
	
	0..1
	
	
	
	

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

	>>>>NR-U Channel
	M
	
	FFS
	The NR-U channel utilised in the last reporting period [FFS]
	
	

	>>>>Channel Availability [FFS if Channel Occupancy should be signalled instead]
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been available, e.g. due to successful LBT [FFS]
	
	

	>>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
	
	–
	


It is proposed to continue discussions on the possible inclusion of Channel Occupancy measurements on following basis:

3 types of channel status times have been identified

1)
The channel is free i.e., the measured RSSI by the Cell is below the threshold 

2)
The channel is used by the Node or one of the served UE: during this time, the Cell or a served UE is transmitting. This can be UL or DL. 

3)
The channel is used by neighbour UE or Node, i.e., the measured RSSI is above the threshold. 

Regarding 1) is this also the time when NR-U resources are used by the measuring node?

Regarding 3) 

-
is there a time when LBT is carried out but the RAN node, but where the RAN node does not use the NR-U resources in case of successful LBT?

-
If the channel is used by neighbor UE or node, isn’t the channel busy for the UE or node of interest i.e., isn’t 3) the complement of 1)?

 To be continued...

The discussion on the addition of the LBT configuration parameters as part of the Resource Status Indication and Resource Status Reporting need to be continued

· How can the information help to make a better load balancing decision?

· How can the information help adjusting own NR-U LBT configuration?

 To be continued...

The tabular structure above is useful to this discussion because a number of companies propose information structures similar to it. The text above on channel status times is also useful in light of the documents submitted.

3.1 Support of NR-U in MLB

In a number of papers it is proposed to report the NR-U channel occupancy as well as an indexed representation of the NR-U channel. The understanding from the moderator is that these proposals aim at representing the currently defined resource status information (e.g. in the Xn: RESOURCE STATUS UPDATE message) on a per NR-U channel and during the channel occupancy time. 

These proposals seem to aim at a tabular structure like the one shown below:

	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
	
	
	
	

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

	>>>>Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannels, …)
	The NR-U channel utilised in the last reporting period [FFS]
	
	

	>>>>Channel occupancy time percentage
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for traffic served by the corresponding cell [FFS whether by the corresponding cell or also including occupied by the neighbour cells.If the neighbour cells occupancy is needed, another alternative is to use an independent IE]
	
	


Q1. Companies are invited to provide their view on the data structure above and whether this can be agreed as baseline

	Company
	Comment

	Ericsson
	The structure above seems a reasonable baseline capturing the agreements at the last RAN3 meeting

	Nokia
	The structure is all right. The problem is the “NR-U channel”. It does not seem to be defined, nor are the measurements related to such “NR-U channel”.

	Charter Communication
	The proposal, reporting only the own node channel occupancy, does not provide a complete view of the channel occupancy.  A separate proposal is made in contribution R3-214725, and rational for the choice is explained in contribution R3-214724

	Lenovo and Motorola Mobility
	We should clarify how to define channel ID, and how to represent channel e.g. via ARFCN or other parameters?  

Another question is how to understand the channel resources is utilized, and how to define the time duration for monitoring the NR-U channel thus to calculate Channel occupancy time percentage.

	Huawei
	The structure is fine with the questions to be further studied from Lenovo.

Question to Charter, in your contribution R3-214725, you propose to also exchange the channel rate occupied by other nodes and UEs from other nodes. The question is how does this is calculated? If one node monitors the channel only having data to be transmitted.  Does it mean the node should always sense the channel all the time?



	Qualcomm
	Similar view as Nokia and Lenovo. How to define the channel ID and channel occupancy needs to be further discussed.

	Charter Communication
	This is in response to Huawei’s question above about how a node will measure the channel occupancy by other nodes.

There is already an existing energy detection (ED) circuitry, since one is required for LBT.  That circuitry is already continuously measuring the energy level, even though when used for LBT, the value is read only at the instant the LBT test is performed. To monitor usage by other nodes, the existing energy detection circuitry could be used as follow:

a) The ED circuitry could be programmed to generate a software interrupt every time the energy went above a level A (meaning the channel became occupied) and every time the energy went below the same level A (meaning the channel became idle).  This way one could have a record of the periods of time during which the channel was busy (channel status 2 + 3), and when it was idle (channel status 1).  Channel status 2 is known by the current node, since it knows when it is transmitting and receiving data. So the time in channel status 3 (the other nodes are causing the channel to be busy) can be found from the time the channel was busy (ED above level A) minus the time in channel status 2.

b) Another variation, that would avoid possible excessive software interrupts around the level A mentioned above would be to use some hysteresis, i.e., the ED circuitry would be programmed to trigger an interrupt when it went above A+delta, and another interrupt when it went below A-delta.

	ZTE
	How to define the channel ID and channel occupancy needs to be clarified.

	Samsung
	We think NR-U loads is a representation of Radio Resource Status, so it should be under Radio Resource Status. But if majority view is NR-U loads is at same level as Radio Resource Status, we can accept it. 

We share the same view as Charter. Not only the own node channel occupancy but also the neighbor nodes’ occupancy should be reported. Because if some resources are occupied by neighbor nodes, the resource cannot be used by the potential incoming UEs. So it should be reported to the neighbor also. With this, we propose to add FFS to the semantic description as above.


Conclusion:

The intention of the proposed tabular is to find a common denominator to start with. There are too many divergences o the exact data model, hence we cannot agree to a full data structure now, but we can agree to what all companies see as feasible.

The discussion on how to represent the NR-U channel is pertinent, hence there is an FFS in the tabular

For channel occupancy, what Charter explains is based on specific implementations not mandated by 3GPP. All 3GPP mandates is that there should be an LBT process before transmission. Hence, what we can surely agree to is that Channel Occupancy is the “The percentage of time for which the channel resources have been utilised for traffic served by the corresponding cell”

We can add an FFS on whether the Channel Occupancy may also include other measures, such as channel occupancy by other cells and their UEs.

It light of the above, the following is proposed:

It is proposed to agree to the following data structure as a baseline to be expanded:

	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
	
	
	
	

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

	>>>>Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannels, …)
	The NR-U channel utilised in the last reporting period [FFS]
	
	

	>>>>Channel occupancy time percentage
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for traffic served by the corresponding cell 
	
	


Whether information on other types of Channel Occupancy time percentages are included, e.g. Channel Occupancy time percentage of other NG-RAN nodes and their served UEs, is FFS
Agree to TP in R3-21xxxx
In R3-215522 it is proposed that support for NR-U channels is also included in the Served Cell Information NR IE defined over the XnAP, as shown below:

	NR-U Channel List
	
	0..1
	
	
	
	

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

	>>Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannels, …)
	
	–
	

	>>NR ARFCN
	M
	
	INTEGER (0.. maxNRARFCN)
	
	–
	


Q2. Companies are invited to express their view on inclusion of the information above as part of the Served Cell Information NR IE defined over the XnAP 

	Company
	Comment

	Ericsson
	The information structure above could be a viable way to inform neighbour nodes of the NR-U channels supported. In any case, some form of channel identification is needed if the resource status information needs to provide metrics on a per channel basis. Hence if the above structure cannot be agreed, a solution would still be needed for this problem.

	Nokia
	Same as above: RAN3 must not introduce a concept of NR-U channel without making sure it is known in the WGs responsible for NR-U radio and the measurements.

	Lenovo and Motorola Mobility
	Same as above comments, firstly we should clarify how to define channel from RAN3’s point of view.

	Huawei
	We also think that the concept of NR-U channel in RAN3 should be clarified firstly.

	Qualcomm
	Similar concern as Nokia. Is the NR-U channel defined elsewhere? And do we then consider the NR ARFCN as the center frequency and a bandwidth of 20 MHz?

	ZTE
	Sharw the view with Nokia.

	Samsung
	We support the proposal.
Channel is defined in section 4.0, TS 37.213 by RAN1, “A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.”. 
In section 5.1.21, TS 38.215, it’s mentioned that “Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only per configured OFDM symbol and in the measurement bandwidth corresponding to the channel bandwidth defined in Clause 4 of TS 37.213 [17], where the channel has the center frequency configured by ARFCN-valueNR, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
”
In addition, in section 5.1.1, TS 37.107, 

Parameter
Unit
Value
LBT measurement bandwidth
MHz

10, 20

Energy detection threshold
dBm/20MHz

 

 

 

dBm/10MHz

-72

or

X (Note)

-75
Maximum channel occupancy time
ms

8

NOTE:       The specific value X is declared by the vendor.
LBT measurement bandwidth in RAN node could be 10Mhz or 20Mhz. 
So we can conclude that the bandwidth of a channel which is for LBT measurement is 10Mhz or 20Mhz, and the channel can be recognized by its center frequency configured by ARFCN. 

Therefore, ARFCN is necessary to be included.

We also think it’s beneficial to add a parameter related to bandwidth as shown below:
NR-U Channel List
 
0..1
 
>NR-U Channel Item
 
1..<maxnoofNR-UChannels>
 
>>Channel ID
M
 
INTEGER (1.. maxnoofNR-UChannels, …)
>>NR ARFCN
M
 
INTEGER (0.. maxNRARFCN)
>> Bandwidth
M
 
ENUMERATED (10Mhz, 20Mhz. …)
 


Conclusions:
There seem to be an identified need to define anNR-U channel. 

The issue highlighted by 5 companies is that there seem to be no clear definition in RAN3 or in other WGs of what an NR-U channel is.

On the other side, 2 companies believe that an initial representation of an NR-U channel is provided by the following structure:

	NR-U Channel List
	
	0..1
	
	
	
	

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

	>>Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannels, …)
	
	–
	

	>>NR ARFCN
	M
	
	INTEGER (0.. maxNRARFCN)
	
	–
	


On the basis of the above, and to progress the discussion further, the following is proposed:

It is proposed to send an LS to RAN1 and RAN2, asking how an NR-U channel can be represented and, if agreeable, providing a possible description identified by RAN3 for the NR-U channel representation.
A number of companies propose to signal, as part of the Resource Status information, the Channel Occupancy time of other-nodes/non-served-UEs.

This proposal seems to be based on the assumption that channel sensing can be performed in a continuous way. Namely, it is possible for an NG-RAN node to determine at any point in time whether the channel is free to use or occupied by other RAN nodes/non-served-UEs or (of course) occupied by itself. 

Q3. Companies are invited to express their view on whether the percentage of time an NR-U channel is used by other nodes or their UEs can be expressed by an NG-RAN node

	Company
	Comment

	Ericsson
	We do not think a RAN node can express the amount of time during which other nodes and their UEs are utilizing an NR-U channel or the amount of time during which the channel is available but no transmission is needed. This is because 3GPP does not specify that an NG-RAN node needs to monitor the NR-U channel continuously. The only thing 3GPP specifies is that if an NG-RAN node needs to exchange traffic, then channel sensing will be started and an LBT process will be run. 

Hence, at best, the NG-RAN node can provide statistics describing for how long channel sensing was carried out (with respect to the measurement interval) and for what share of such channel sensing time the NG-RAN node detected the channel as occupied by other nodes or as free 

	Nokia
	From the existing specifications, we derive a conclusion that if the availability is based on RSSI, it can be monitored in UL more-or-less continuously. However, if it is based on LBT success/failure ratio, it depends on the need to access the channel.

In any case, we probably shall this matter with the WGs dealing with the NR-U measurements.

	Charter Communication
	It is true that 3GPP does not mandate sensing the channel if there is no desire to transmit.  But if we want to have a consistent view of the channel occupancy we have to report a base station view of that channel.  That includes not only when that base station is using the channel, but how the channel is used by others, as reflected by the energy detection threshold of the channel.  How a base station detects a channel being occupied by other users could either be left to implementation, or it could be standardized.

Relying on channel occupancy by a base station reporting only its own use will provide an incorrect view of the true channel occupancy to the base stations receiving the report.  That is because it cannot be guaranteed that other base stations also occupying the channel will be reporting that information since it cannot be guaranteed that all base stations using the channel are interconnected via Xn interface.

	Lenovo and Motorola Mobility
	Not clear about how an NG-RAN node can always exactly know the percentage of time or time duration that an NR-U channel is used by other nodes or their UEs.

	Huawei
	We have similar questions as Ericsson and Lenovo. One NG-RAN node is not required to sense the unlicensed channels all through. So it is unaware whether a channel is occupied when it does not monitor the channel. See our questions above.

	Qualcomm
	If I understood it correctly, the Channel status 3 (the % of time the channel is used by other nodes or their UEs in this measuring interval) mentioned in R3-214724 can be better understood as the time when an NG-RAN or its served UEs didn’t do LBT at all
For example, if we consider an interval of 10 sec and the NG-RAN or its served UEs perform LBT only for 7 seconds, then is Channel Status 3 equal to 3 seconds?

Out of the 7 seconds, say LBT is successful for 5 seconds and LBT failed for the remaining 2 seconds, then 

T1: Fraction of time with failed LBT = 2/10

T2: Fraction of time with successful LBT = 5/10

T3: Fraction of time with no LBT = 3/10 

Not sure why T2 shouldn’t suffice for “channel occupancy” 

	Charter Communication
	I think there are a couple of scenarios being asked about.

I believe one of the questions is how can a node that is operating with a bandwidth that can host many channels, measure the status of all channels included in that bandwidth. It seems to me that it would have to have multiple ED circuitries.

Now the other question that I believe is being asked is assuming that we are only talking about 1 channel in particular, how can a node measure the use of this channel by other nodes.  For that question, my suggestion is as described below:

There is already an existing energy detection (ED) circuitry, since one is required for LBT.  That circuitry is already continuously measuring the energy level, even though when used for LBT, the value is read only at the instant the LBT test is performed. To monitor usage by other nodes, the existing energy detection circuitry could be used as follow:

a) The ED circuitry could be programmed to generate a software interrupt every time the energy went above a level A (meaning the channel became occupied) and every time the energy went below the same level A (meaning the channel became idle).  This way one could have a record of the periods of time during which the channel was busy (channel status 2 + 3), and when it was idle (channel status 1).  Channel status 2 is known by the current node, since it knows when it is transmitting and receiving data. So the time in channel status 3 (the other nodes are causing the channel to be busy) can be found from the time the channel was busy (ED above level A) minus the time in channel status 2.

Another variation, that would avoid possible excessive software interrupts around the level A mentioned above would be to use some hysteresis, i.e., the ED circuitry would be programmed to trigger an interrupt when it went above A+delta, and another interrupt when it went below A-delta.

In regards to the explanation provided by Qualcomm above, we do not agree with that explanation / interpretation.  We provided an explanation of those states in our contribution R3-214724, and that is explained again in the text of item a) in this answer.

	ZTE
	We want to know the difference between the highlighted channel occupancy time percentage and the channel occupancy raised in last meeting, or the two IEs are the same?

	Samsung
	We share the same view as Charter.


Conclusions:

There is a clear disconnect between companies about whether to assume that an NG-RAN node should be assumed to measure what 3GPP mandated as essential or whether an NG-RAN node should be assumed ot measure more than that. 
It is proposed to add to the already proposed FFS the following:
“Discussions should focus on whether an NG-RAN node should be assumed to measure what 3GPP mandated as essential or whether an NG-RAN node should be assumed ot measure more than that”
In R3-215455, an alternative representation of the channel occupancy time of other NG-RAN nodes or their UEs is proposed. 

Such representation follows the following structure:

	>>>>Number of Un-successful LBT
	M
	
	INTEGER (1..4095,...)
	The number of LBT processes that returned an occupied channel 
	
	

	>>>>LBT Backoff Time
	M
	
	????
	The minimum time in us between LBT processes 
	
	

	>>>>LBT Sensing Duration
	M
	
	INTEGER (0..100,…)
	The time in us during which channel sensing is carried out
	
	


The above structure assumes that channel sensing is carried out when the NG-RAN node needs to exchange traffic over the NR-U channel.

Q4. Companies are invited to provide their views on whether the information structure above can be used (in part or in full) to represent channel occupancy time from other NG-RAN nodes and their UEs.

	Company
	Comment

	Ericsson
	We believe that the structure above provides a representation of channel occupancy time by other nodes and their UEs that is in line with the requirements from 3GPP. Namely, if the only mandated task for an NG-RAN node is to sense the channel before data transmission, via an LBT process, then the above structure is in line with such mandatory requirements. Any metrics that imply continuous channel sensing would be based on specific implementations that cannot be assumed in use from a 3GPP prospective 

	Nokia
	This helps avoid the issue of “NR-U channel”. However, it does not seem to offer reference point to be able to conclude about the load level.

	Charter Communication
	We don’t believe that even with this additional information, things will be correctly reported. As mentioned before, if some base stations using the channel are not connected by Xn, the channel occupancy will be under-reported.

	Lenovo and Motorola Mobility
	First, we need to discuss whether the percentage of time an NR-U channel is used by other nodes or their UEs can be expressed by an NG-RAN node, if yes, then discuss the information structure.

	Huawei
	We believe that it is better to use the percentage of unsuccessful LBT, instead of the number of it, since the former can reflect the detail occupy situation of the channel. We are ok for the ‘LBT Backoff Time’ and ‘LBT Sensing Duration’.

	Qualcomm
	Not clear. Aren’t these just LBT related additional information conveyed by a node to its neighboring nodes? Are these in addition to the channel occupancy?

	ZTE
	Share the view with Lenovo and Qualcomm.

	Samsung
	We think Channel Occupancy by neighbors will be more clear approach. One IE may be enough to transmit the Channel Occupancy by own node and neighbors.


Conclusion:
It shodl be clarified that the information discussed in this section are proposed to be added on top of Channel Occupancy.
Regarding the addition (on top of channel occupancy) of information concerning Un-successful LBT events, LBT Backoff Time, LBT Sensing Duration:
· 3 companies see some benefit in allowing the information 
· 3 company suggests to first converge on Channel Occupancy representation and ask questions for clarification (hopefully answered in paragraph above)
· 2 companies support the introduction of Channel Occupancy from other nodes and their served UEs
The following is proposed:

· Signalling of metrics representing Un-successful LBT events, LBT Backoff Time, LBT Sensing Duration is FFS 
In R3-215522, R3-214867 and R3-215455, it is proposed to support the exchange of LBT related configuration information, such as the Energy Detection (ED) threshold. The justification for such proposals is that exchanging the ED threshold would help a neighbor node to better interpret the resource status for a given NR-U channel. 

Q5. Companies are invited to provide their view on whether it is feasible and beneficial to exchange the SD Threshold, per NR-U channel, per cell, between NG-RAN nodes

	Company
	Comment

	Ericsson
	We believe that signalling of the ED threshold is beneficial because it allows a neighbour RAN node to understand the criteria according to which a channel was deemed as free or occupied. For example, a very high ED threshold implies that when the channel is deemed as free it may still be subject to high interference from other systems. If an NG-RAN node could choose an equivalently good MLB target, but where a lower ED threshold was used, such target cell may provide a better QoS to the offloaded UE. 

	Nokia
	We believe the channel status based on the 3GPP-defined threshold is sufficient in Rel.17.

	Huawei
	Agree to signal the ED threshold

	Qualcomm
	Need clarification. Who sets this ED threshold and is this per cell/channel? 

	Samsung
	Channel Occupancy (CO) calculation depends on ED threshold. So exchanging ED threshold can help the neighbor nodes to understand CO better.


Conclusion:
4 companies support to signal the ED threshold
1 company does not agree with signal the ED threshold

1 company asks questions concerning how is the ED threshold configured and what is its granularity

The following is proposed:

· Signalling the ED threshold is FFS. The following should be clarified:

· How is the ED threshold configured

· What is the ED threshold granularity (per channel, per cell, per UE…) 
3.1.1 L2 measurements to support MLB for NR-U

In R3-215454 the following is proposed:

Enable L2 measurement that would allow a UE to report the LBT Monitoring Time for NR-U channel availability/utilization measurements

The proposal above is in line with the discussion on achieving information that reveal the channel sensing duration and to derive from there the amount of time during which the channel is available vs the time when the channel is un-available.

Q6. Companies are invited to provide their views on whether enhancements to L2 measurements in support to MLB for NR-U are beneficial

	Company
	Comment

	Ericsson
	MLB for NR-U needs to be supported in both DL and UL directions. We do not see how an UL resource status representation for the UL can be achieved without any new L2 measurements from the UE. In particular, it is essential for the UE to report information about the sensing time and whether the channel was detected as free/occupied during such sensing.

	Nokia
	This may be useful, but RAN3 has no competence on the topic (it may be even hard to formulate an LS). This proposal shall rather be made in RAN2.

	Huawei
	No need to do so, since in RAN3 113-e, we have agree that the related metrics above are collected at RAN level and have no UE impact. Enhancements to L2 measurements bring UE impacts.

	Qualcomm
	Agree with Huawei.

Also have some questions in the example provided in R3-215454,

Let´s assume that LBT is triggered every 1 second and that the channel sensing duration is of 100ms. gNB1 triggers Radio Resource Updates from gNB2 with period of 6 seconds. Assume that gNB1 receives from gNB2 information that a cell using NR-U has 50% PRB utilization. Assume that gNB1 also receives from gNB2 information that channel availability was 50%, i.e., the channel was occupied 50% of the time
· What is this channel availability? Is the gNB indicating channel availability in UL? If so, how?

· Can’t the gNB figure out exact channel utilization in UL based on traffic reception during the channel sensing duration?
· What does the gNB do with this accurate NR-U channel availability/utilization? 

	ZTE
	Maybe not needed, the details of the Channel occupancy should be clarified at first.

	Samsung
	The details need to be clarified as companies commented above.

	CMCC
	We are fine to discuss this, but strongly suggest focusing on collecting the related metrics at RAN level, not having UE impacts in Rel-17, since I got information from RAN2 SONMDT session chair they are overloaded, they have no plan to address NR-U issues in Rel-17. So in case our solutions have UE impacts, there is a risk we will not have a full solution at this release.


Conclusion
[Moderator´s comment] the reason to have measurements form the UE on NR-U is to enable knowledge of NR-U resource utilization in UL. Without UE support, it is unclear how NR-U resource utilization, channel occupancy etc can be determined in UL.

Some companies see L2 NR-U UE measurements to assist MLB for NR-U as beneficial. Some other companies see ambiguity on why L2 UE measurement are needed.

The following is proposed:
· It is FFS whether UE measurements would be needed to support MLB for NR-U and how NR-U channel occupancy and resource utilization in UL can be achieved 
3.2 Support for NR-U in MRO

All contributions submitted at this meeting indicate that there is the need for new NR-U related information from the UE in order to enable NR-U support in MRO. 

Q7. Companies are invited to state whether they agree on the fact that in order to support MRO for NR-U new UE information concerning NR-U processes is needed. 

	Company
	Comment

	Ericsson
	It is clear that any enhancements to support MRO for NR-U needs to be based on new information from the UE concerning NR-U processes



	CATT
	New UE information is needed to support MRO for NR-U.

	Nokia
	Yes, it is needed.

	Lenovo and Motorola Mobility
	Yes

	Huawei
	Yes, new UE information is needed.

	Qualcomm
	Yes

	ZTE
	Yes

	Samsung
	Yes

	CMCC
	MRO for NR-U has large impacts on UE, however, I got information/warnings from RAN2 SONMDT session chair they are overloaded, they have no plan to address NR-U issues in Rel-17. So in case our solutions have large UE impacts, there is a big risk we will not have a full solution at this release. The solution with only RAN3 part seems meaningless.


Conclusion:

There is consensus on the fact that MRO support for NR-U requires the UE to provide new information, e.g. within RLF Report

The following is proposed:

It is agreed that MRO support for NR-U requires the UE to provide new information, e.g. within RLF Report

At the last RAN3 meeting the following was agreed:

It is agreed that HO failure cases are prioritized when analysing whether MRO needs improvements for NR-U deployments

Q8. Do companies agree that HOF is still the main use case for MRO enhancements? Are there any further use cases to be considered?

	Company
	Comment

	Ericsson
	HOF is an important case. However, as also explained in other contributions, the spirit of the enhancements should be to allow an understanding of when LBT failures have deteriorated performance, e.g. in terms of increased HO delay, failure generation etc. 

Therefore we believe that LBT failure information should also be considered for addition in Successful HO Report, RA Report and (of course) RLF Information. 



	CATT
	There may be other issues needs discussion as below:

1. For handover target cell, it is selected by RSSI measurement result if access to shared network. If LBT failure occurs, it may be the cause of wrong RSSI threshold. So, RSSI measure result is needed.

2. If consistent uplink LBT failure occurs during RRC connection re-establishment procedure, reestablishmentCellId in RLF Report may be not suitable as the next handover target cell. this information shall be recorded by UE.

	Nokia
	Yes, other scenarios are relevant, too. Besides, even if the work focuses on HOF, the enhancements may be used also for other MRO purposes. RAN3 shall not be blind to those opportunities.

	Lenovo and Motorola Mobility
	Considering TUs left for R17 SON/MDT WI, MRO enhancements for HOF in NR-U should be the prioritized use case in R17. However, we agree that Successful HO Report or RA Report can be considered if time allows.

	Huawei
	Yes,we should focus on how to decline HOF due to LBT failure.

	Qualcomm
	Agree, HOF can be the top priority. LBT related issues during RACH can be the second priority. Successful HO report and other use cases should be considered only if time permits. 

Moreover, RAN2 should take the final decision on how to implement these use cases e.g., use existing SON reports or define a new report etc.

	ZTE
	This issue should be related to RAN2.

	Samsung
	HOF should be prioritized. In addition, SHR and RA report are fine for us as well.


Conclusion:

The majority of companies see that enhancements to support NR-U to resolve HOF cases should be prioritised.

However, there seem to be consensus on the fact that other cases are also of relevance and should be addressed if time allows, e.g.

· Enhancements to RACH Reports

· Enhancements to Successful HO Reports

· Enhancements to Re-establishment procedures
The involvement of RAN2 is required to determine what enhancements are needed.
The following is proposed:

Agree that enhancements to support NR-U to resolve HOF cases should be prioritised.

Other cases are also of relevance and should be addressed if time allows, e.g.

· Enhancements to RACH Reports

· Enhancements to Successful HO Reports

· Enhancements to Re-establishment procedures

The involvement of RAN2 is required to determine what enhancements are needed.

The main proposals for enhancement of MRO seem to focus on additional information in the RLF Report. 

Some contributions propose to add a “consistent LBT failure” indication as one of the failure causes in case of HO failure. Some other contributions point at the fact that an indication of LBT failure as part of the RACH Access report (either contained in the RLF Report or signalled by the UE as part of successful RACH) would be beneficial. 

Q9. Companies are invited to provide their view on where new LBT failure information should be added by the UE.

	Company
	Comment

	Ericsson
	We believe that adding LBT Failure information as part of RACH information addresses both the cases of HOF and the cases of deteriorated performance due to extra delays due to LBT failures. 



	CATT
	Propose to add a “consistent LBT failure” indication as one of the failure causes in case of HO failure in RLF Report. As for RA Report or CEF Report, it also may be needed.

	Nokia
	To be honest, we do not quite understand how the flag would help MRO… LBT failure may be a nearly-random event, so MRO can make decisions based on probabilities rather than series.

	Lenovo and Motorola Mobility
	New LBT failure information, e.g. an “consistent LBT failure” indication, or a HOF cause such as “consistent LBT failure” can be reported by the UE in the RLF report.

	Huawei
	Yes. If the LBT failure information during a UE’s  RACH procedure to a neighbor cell is added by the UE and is informed to the source node, the latter is able to make better HO strategies.

	Qualcomm
	An indication that LBT failure happened during handover resulting in HOF can be useful. Regarding Nokia’s comment, agree that LBT failure is a random event but wouldn’t this knowledge that we are seeing a lot of HOFs due to LBT failure can help optimize some LBT parameters or extend T304 etc.?

RACH related enhancements need to be considered more carefully. Currently each entry in a RA report corresponds to a successful RACH procedure in a given BWP. But in case of UL BWP switch due to consistent LBT failure, RA report might not be the right place to store failed RA procedure in a certain BWP. So perhaps a new report capturing all the failure and non-failure cases can also be considered. 

	ZTE
	Share the view with Nokia, the intention should be further discussed and clarified.

	Samsung
	If “consistent LBT failure” is added in UE RLF Report, the related configuration, like LBT-FailureRecoveryConfig should be added also. Because when RAN node receives UE reports, it could have no UE context, it cannot evaluate “consistent LBT failure” without the related configuration. 

	CMCC
	Same comments as above, RAN2 are overloaded, they have no plan to address NR-U issues in Rel-17. So in case our solutions have large UE impacts, there is a big risk we will not have a full solution at this release. The solution with only RAN3 part seems meaningless.


Conclusions:

More discussions are needed to understand what is the better way for a UE to convey information on LBT failure events

The following is proposed:

It is FFS how the UE should report information concerning LBT failure events
4 Conclusion, Recommendations [if needed]

If needed
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