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1. Introduction
The MLB enhancements was discussed during RAN3#111-e. SUL loading and PRB per slice was discussed. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
The agreement of RAN3#111-e:
The number of allocated (utilized % with respect to cell capacity) PRBs is reported per slice (FFS whether to split into GBR and nGBR)
The currently reported UL information convers “both normal UL and SUL”
3. Discussion
3.1 SUL
[bookmark: _Toc61533827][bookmark: _Toc57376961]As discussed in the past [1], there are only UL and DL PRB usage in the current Radio Resource Status IE. While Supplementary Uplink Carrier (SUL) is not considered in MLB yet.
Supplementary Uplink Carrier (SUL) is a new feature introduced to NR cell for wider uplink coverage with lower frequency carrier. For example, Figure 1 shows a larger coverage of Uplink with Sub3G (e.g. 1.8 GHZ) than with C-Band (e.g. 4 GHZ). Obviously, the UE with UL or SUL using different frequency which means different resource.
[image: http://image.huawei.com/tiny-lts/v1/images/dd6de2677a5ccdc3843c_602x381.jpg@900-0-90-f.jpg]
Figure 1. The coverage of Uplink and Downlink in SUL NR cell
Since the target gNB will configure the RACH resource in SUL or UL based on the UE measurement report, the source gNB can guess the target gNB’s action upon reception of UE measurement report containing cell RSPR/RSRQ, e.g. if the RSRP is high, the source will guess the target has high possibility to configure the RACH resource in UL for the UE. In this way, it is similar with SSB which already exists in PRB granularity. In SSB granularity PRB mechanism, the source gNB guess which SSB will be possible to configure for UE to RACH based on the measurement report containing one or several good SSBs.
 In MLB, all the assistant information is for gNB to make better handover decision and to try to avoid rejections during the load balancing. So it is reasonable to introduce per-SUL PRB loading. As the loading of UL and SUL is different, the source gNB could know the loading distribution better if SUL loading is added in load reporting. What is more, SUL tends to be used at cell edges where many MLB-triggered HOs may take place. Certainly, we should pay more attention to SUL loading.

[bookmark: _Toc61533828][bookmark: _Toc61533845][bookmark: _Toc71121274]Add SUL associated IE to Radio Resource Status and Composite Available Capacity Group Xn and F1.
3.2 Per slice threshold information
When MLB is sued, the HO trigger is moved from the default value (i.e. the best HO point) in order to balance the cells. Therefore, it could make sense to be more aggressive in moving the HO trigger for services with less strict requirements (to balance the load) while still keeping some services at the default HO trigger point.
In the past, there was a discussion to use different mobility parameters for different UE groups. In principle, the source can always choose when to make a HO, but if we do not inform neighbours, this may lead to ping pong. Some ideas discussed before were:
· Define UE groups, ie based on mobility, CQI etc that maps to a group ID. Exchange different HO trigger thresholds for these groups over MSC
· Include an offset to the default HO trigger in each HO preparation (if source use an offset, we signal this to target)
Some problems were identified for the above solutions:
· UE group: Difficult to specify UE groups in a flexible way. All criteria would need to be standardised. No freedom for implementation
· Specific offset: Only helps in one HO. Does not help for future HO
In NG-RAN we have slices. A large part of the required functionality is already in place. Different slices may have different requirements. The slice is given from CN, i.e. we already have a simple way to differentiate UE behaviour. We already signal list of slices currently used during mobility. 
If slicing would be used, it would probably beneficial to not exchange completely separate thresholds for each slice, but rather signal an offset compared to the cell specific handover threshold. It is also suggested that this should be slightly less complex compared to the cell specific exchange, i.e. there is no negotiation on the offsets where the peer node can respond with an allowed range. 
One additional issue that needs to be discussed is the mapping of slice into mobility group. Since each UE may have more than one slice active at the time of handover. 
There are different options to achieve this:
1. MSC Signal thresholds for all combinations: Main drawback is that the list of offsets in MSC would need to quite long to cover all possible permutations
1. MSC Signal thresholds per slice, indicate which slice is used in HO preparation: This way we could include a list of slice that requires a deviation in the MSC, and indicate which S-NSSAI was used as a basis for the decision (to determine which offset was used). 
1. MSC signal thresholds an ordered list of HO trigger per S-NSSAI, and the HO trigger used for each UE is selected based on active S-NSSAI where we select the first where there is a math with the S-NSSAI in the ordered list

Among these options, we think option 3 could be sufficient. This requires the least signalling and give a reasonable flexibility. In this way, we can for example use a specific HO trigger for a set of more sensitive services by for example signalling a general HO trigger modification of 3dB and a bit less modification for a few selected S-NSSAI.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300][bookmark: _Toc57376963][bookmark: _Toc61533829][bookmark: _Toc61533846][bookmark: _Toc71121275]Include Slice specific offset in MSC exchange.
3.3 PRB Per slice 
In the current mechanism, UL/DL PRB usage is reporting per cell and per SSB. As the resource reporting per slice was agreed in last release, there is a push to report PRB usage per slice. The motivation is to use it in same way as PRB is used in the current mechanism: to see radio resource usage to determine if there is any free space for new UE to move there.
There are three different solutions discussed:
1. To report used PRB per slice and use together with CAC to understand the relative load of the slice
2. To report used PRB per slice and total PRB per slice
3. To report available PRB per slice
Some considerations on the different options:
Option 1: This gives the used PRBs but unlike legacy PRB signalling there is no knowledge on how many PRBs are assigned to each slice. As stated in other contributions it would be possible to use alternative reporting per slice (CAC) to understand the distribution between slices.
Option 2: This is very similar to option1, with the addition that we also indicate the PRBs assigned to this slice. The problems with this solution is that the PRB assignment may change frequently and also whether to differentiate between reserved and shared resources. Here we propose to signal the proportion of PRBs assigned per slice, including both shared and reserved resources.
Option3: The main issue with this measurement is how to report GBR/nonGBR separately. Since we report available resources, we would have to assume that nonGBR resources would be pre-empted by GBR resources, so that a reported available PRB resources for GBR would include resources currently in use by nonGBR. This may however not always be the case. 
Among these options, we would propose option 2 and if this is not agreed go for option 1.
[bookmark: _Toc71120196][bookmark: _Toc71120210][bookmark: _Toc71120227][bookmark: _Toc71121276]To report PRB usage per slice and also the PRBs assigned per slice

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1:	Add SUL associated IE to Radio Resource Status and Composite Available Capacity Group Xn and F1.
Proposal 2:	Include Slice specific offset in MSC exchange.
Proposal 3:	To report PRB usage per slice and also the PRBs assigned per slice

5. Reference
[1] R3-206190, Load balancing enhancement, Huawei
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[bookmark: _Toc525680103]<<<<<<<<<<<<<<<<<<<< First Changes Begin >>>>>>>>>>>>>>>>>>>>
[bookmark: _Hlk44418792][bookmark: _Toc44497464][bookmark: _Toc45107852][bookmark: _Toc45901472][bookmark: _Toc51850551][bookmark: _Toc56693554][bookmark: _Toc58484111][bookmark: _Toc14207736][bookmark: _Toc44497546][bookmark: _Toc45107934][bookmark: _Toc45901554][bookmark: _Toc51850633]8.4.10	Resource Status Reporting Initiation
[bookmark: _Toc44497465][bookmark: _Toc45107853][bookmark: _Toc45901473][bookmark: _Toc51850552][bookmark: _Toc56693555][bookmark: _Toc58484112]8.4.10.1	General
This procedure is used by an NG-RAN node to request the reporting of load measurements to another NG-RAN node.
The procedure uses non UE-associated signalling.
[bookmark: _Toc44497466][bookmark: _Toc45107854][bookmark: _Toc45901474][bookmark: _Toc51850553][bookmark: _Toc56693556][bookmark: _Toc58484113]8.4.10.2	Successful Operation


Figure 8.4.10.2-1: Resource Status Reporting Initiation, successful operation
NG-RAN node1 initiates the procedure by sending the RESOURCE STATUS REQUEST message to NG-RAN node2 to start a measurement, stop a measurement or add cells to report for a measurement. Upon receipt, NG-RAN node2:
-	shall initiate the requested measurement according to the parameters given in the request in case the Registration Request IE set to "start"; or
-	shall stop all cells measurements and terminate the reporting in case the Registration Request IE is set to "stop"; or
-	shall add cells indicated in the Cell To Report List IE to the measurements initiated before for the given measurement IDs, in case the Registration Request IE is set to "add". If measurements are already initiated for a cell indicated in the Cell To Report List IE, this information shall be ignored.
If the Registration Request IE is set to "start" in the RESOURCE STATUS REQUEST message and the Report Characteristics IE indicates cell specific measurements, the Cell To Report List IE shall be included.
If Registration Request IE is set to "add" in the RESOURCE STATUS REQUEST message, the Cell To Report List IE shall be included.
If NG-RAN node2 is capable to provide all requested resource status information, it shall initiate the measurement as requested by NG-RAN node1 and respond with the RESOURCE STATUS RESPONSE message.
Interaction with other procedures
When starting a measurement, the Report Characteristics IE in the RESOURCE STATUS REQUEST indicates the type of objects NG-RAN node2 shall perform measurements on. For each cell, NG-RAN node2 shall include in the RESOURCE STATUS UPDATE message:
-	the Radio Resource Status IE, if the first bit, "PRB Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". If NG-RAN node2 is a gNB and if the cell for which Radio Resource Status IE is requested to be reported supports more than one SSB, the Radio Resource Status IE for such cell shall include the SSB Area Radio Resource Status Item IE for all SSB areas supported by the cell. If the SSB To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall include the requested SSB Area Radio Resource Status List IE; If the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall include the requested Slice Radio Resource Status Item IE;
-	the TNL Capacity Indicator IE, if the second bit, "TNL Capacity Ind Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". The received TNL Capacity Indicator IE represents the lowest TNL capacity available for the cell.
-	the Composite Available Capacity Group IE, if the third bit, "Composite Available Capacity Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". If the Cell Capacity Class Value IE is included within the Composite Available Capacity Group IE, this IE is used to assign weights to the available capacity indicated in the Capacity Value IE. If NG-RAN node2 is a gNB and if the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one SSB, the Composite Available Capacity Group IE for such cell shall include the SSB Area Capacity Value List for all SSB areas supported by the cell, providing the SSB area capacity with respect to the Cell Capacity Class Value. If the SSB To Report List IE is included for a cell, the Composite Available Capacity Group IE for such cell shall include the requested SSB Area Capacity Value List IE.
If the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Slice Available Capacity IE for such cell shall include the requested Slice Available Capacity Value Downlink IE and Slice Available Capacity Value Uplink IE, providing the slice capacity with respect to the Cell Capacity Class Value.
- 	the Number of Active UEs IE, if the fourth bit, "Number of Active UEs" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1";
-	the RRC Connections IE, if the fifth bit, "RRC Connections" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1".
If the Reporting Periodicity IE in the RESOURCE STATUS REQUEST is present, this indicates the periodicity for the reporting of periodic measurements. the NG-RAN node2 shall report only once, unless otherwise requested within the Reporting Periodicity IE.

9.1.3.22	MOBILITY CHANGE REQUEST
This message is sent by NG-RAN node1 to NG-RAN node2 to initiate adaptation of mobility parameters.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	NG-RAN node2 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	[bookmark: OLE_LINK14]NG-RAN node1 Mobility Parameters
	O
	
	Mobility Parameters Information 9.2.2.60
	Configuration change in NG-RAN node1 cell
	YES
	ignore

	NG-RAN node2 Proposed Mobility Parameters
	M
	
	Mobility Parameters Information 9.2.2.60
	Proposed configuration change in NG-RAN node2 cell
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	NG-RAN node1 Slice specific offset list
	0..1
	
	
	
	YES
	ignore

	>Slice specific offset item
	1.. < maxnoofSliceItems>
	
	
	
	YES
	ignore

	>>PLMN Identity
	
	
	9.2.2.4
	
	YES
	ignore

	>>S-NSSAI
	
	
	9.2.3.21
	
	YES
	ignore

	>>Mobility parameter offset
	
	
	INTEGER(-6..6)
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024. 



[bookmark: _Hlk44419382][bookmark: _Toc14207737][bookmark: _Toc44497547][bookmark: _Toc45107935][bookmark: _Toc45901555][bookmark: _Toc51850634]9.1.3.23	MOBILITY CHANGE ACKNOWLEDGE
This message is sent by NG-RAN node2 to indicate to NG-RAN node1 that Proposed Mobility Parameters proposed by NG-RAN node1 were accepted.
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
	reject

	NG-RAN node1 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	NG-RAN node2 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.3.2
	
	YES
	ignore

	NG-RAN node2 Slice specific offset list
	0..1
	
	
	
	YES
	ignore

	>Slice specific offset item
	1.. < maxnoofSliceItems>
	
	
	
	YES
	ignore

	>>PLMN Identity
	
	
	9.2.2.4
	
	YES
	ignore

	>>S-NSSAI
	
	
	9.2.3.21
	
	YES
	ignore

	>>Mobility parameter offset
	
	
	INTEGER(-6..6)
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024. 



[bookmark: _Hlk44419432][bookmark: _Toc14207738][bookmark: _Toc44497548][bookmark: _Toc45107936][bookmark: _Toc45901556][bookmark: _Toc51850635]9.1.3.24	MOBILITY CHANGE FAILURE
This message is sent by the NG-RAN node2 to indicate to NG-RAN node1 that Proposed Mobility Parameters proposed by NG-RAN node1 were refused.
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
	reject

	NG-RAN node1 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	ignore

	NG-RAN node2 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	ignore

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	Mobility Parameters Modification Range
	O
	
	9.2.2.61
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.2
	
	YES
	ignore



[bookmark: _Toc45832537][bookmark: _Toc14207849][bookmark: _Toc44497638][bookmark: _Toc45108026][bookmark: _Toc45901646]9.2.2.50	Radio Resource Status
The Radio Resource Status IE indicates the usage of the PRBs per cell and per SSB area for all traffic in Downlink and , Uplink and Supplementary Uplink and the usage of PDCCH CCEs for Downlink and ,Uplink scheduling. and Supplementary Uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Radio Resource Status Type
	M
	
	
	

	>ng-eNB
	
	
	
	

	>>DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL GBR PRB usage

	>>UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage

	>>DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage

	>>UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage

	>>DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL Total PRB usage

	>>UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL Total PRB usage

	>gNB
	
	
	
	

	>>SSB Area Radio Resource Status List
	
	1
	
	

	>>>SSB Area Radio Resource Status Item
	
	1..<maxnoofSSBAreas>
	
	

	>>>>SSB Index
	M
	
	INTEGER (0..63)
	

	>>>>SSB Area DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL GBR PRB usage

	>>>>SSB Area UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL GBR PRB usage

	>>>>SSB Area DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL non-GBR PRB usage

	>>>>SSB Area UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL non-GBR PRB usage

	>>>>SSB Area DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL Total PRB usage

	>>>>SSB Area UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL Total PRB usage

	>>DL scheduling PDCCH CCE usage
	O
	
	INTEGER (0..100)
	

	>>UL scheduling PDCCH CCE usage
	O
	
	INTEGER (0..100)
	

	>>>>SSB Area SUL GBR PRB usage
	O
	
	INTEGER (0..100)
	Per SSB area SUL GBR PRB usage

	>>>>SSB Area SUL non-GBR PRB usage
	O
	
	INTEGER (0..100)
	Per SSB area SUL non-GBR PRB usage

	>>>>SSB Area SUL Total PRB usage
	O
	
	INTEGER (0..100)
	Per SSB area SUL Total PRB usage

	>>>>SUL scheduling PDCCH CCE usage
	O
	
	INTEGER (0..100)
	

	>>Slice Radio Resource Status List
	
	0..1
	
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]>>>Slice Radio Resource Status Item
	
	1..< maxnoofSliceItems >
	
	

	>>>>PLMN Identity
	
	
	9.2.2.4
	

	>>>>S-NSSAI
	
	
	9.2.3.21
	

	>>>> Slice DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL GBR PRB usage for this slice

	>>>> Slice UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage for this slice

	>>>> Slice SUL GBR PRB usage
	O
	
	INTEGER (0..100)
	Per cell SUL GBR PRB usage for this slice

	>>>> Slice DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage for this slice

	>>>> Slice UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage for this slice

	>>>> Slice SUL non-GBR PRB usage
	O
	
	INTEGER (0..100)
	Per cell SUL non-GBR PRB usage for this slice

	>>>> Slice DL Total PRB assigned
	M
	
	INTEGER (0..100)
	Per cell DL Total PRB assigned to this slice

	>>>> Slice UL Total PRB assigned
	M
	
	INTEGER (0..100)
	Per cell UL Total PRB assigned to this slice

	>>>> Slice SUL Total PRB assigned
	O
	
	INTEGER (0..100)
	Per cell SUL Total PRB assigned to this slice



	Range bound
	Explanation

	maxnoofSSBAreas
	Maximum no. SSB Areas that can be served by a NG-RAN node cell. Value is 64.

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024. 



[bookmark: _Hlk44423291][bookmark: _Toc45832538][bookmark: _Toc14207856]9.2.2.51	Composite Available Capacity Group
The Composite Available Capacity Group IE indicates the overall available resource level per cell and per SSB area in the cell in Downlink and, Uplink and Supplementary Uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Composite Available Capacity Downlink
	M
	
	Composite Available Capacity 
9.2.2.52
	For the Downlink 

	Composite Available Capacity Uplink
	M
	
	Composite Available Capacity 
9.2.2.52
	For the Uplink 

	Composite Available Capacity Supplementary Uplink
	M
	
	Composite Available Capacity 
9.2.2.52
	For the Supplementary Uplink 


<<<<<<<<<<<<<<<<<<<< First Changes End >>>>>>>>>>>>>>>>>>>>
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