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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
Propose the following:
R3-20xxxa, R3-20xxxc merged

R3-20xxxc rev [in xxxg] – agreed

R3-20xxxd rev [in xxxh] – agreed

R3-20xxxe rev [in xxxi] – agreed

R3-20xxxf rev [in xxxj] – endorsed

Propose to capture the following:

Agreement text…
Agreement text…

WA: carefully crafted text…

Issue 1: no consensus

Issue 2: issue is acknowledged; need to further check the impact on xxx. May be possible to address with a pure st2 change. To be continued…
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
	
	


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

	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

	
	


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)
	
	–
	


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.

	
	

	
	


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. 
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 

	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.

	
	


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.
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 

	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.

	
	


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. 
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. 

	
	

	
	


3.1.1 L2 measurements to support MLB for NR-U

In R3-2154354 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.

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.

	
	

	
	


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. 

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.

	
	


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

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.

	
	


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. 
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.

	
	


4 Conclusion, Recommendations [if needed]
If needed
5 References

