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1. Introduction
This paper aims to discuss possible enhancements for load balancing and proposal our related TP for TS 38.423.
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2.1 Considerations on MSC
In the last RAN3 #113 meeting, some companies proposed that the per-SSB HO trigger offset should be introduced into MSC among both F1 and Xn interface. In our opinion, the reachable benefits is limited. The reasons are as follows:
1. According to figure in section 2.1 in [1], it is the UE’s specific movement, i.e. moving upstairs after entering the building, which leads the coverage level of SSB2 to be higher than the coverage level of SSB3. Considering a UE just move horizontally from left to right, the UE will always be in the coverage of SSB3, while introducing the SSB offset however makes the gNB to believe UE is in the coverage of SSB2. Therefore, the per-SSB offset is difficult to fit all the kinds of UE trajectory.
2. Due to the consideration of coverage adjustment from the operator, the SSB beams may varies, e.g. the width and direction may changes. Thus, the SSB-offset should also be synchronously updated, which brings huge signalling costs.
Based on the above consideration, due to the limited benefits, there is no need to impact current IEs among Xn and F1 interface. Actually, UE mobility has always the problem of uneven coverage. 3GPP has already designed the system with overlap to work in the most cases. Using CCO might be a better way to solve the corresponding problem in [1] .
There is no need for RAN3 to introduce per-SSB mobility setting change.
On our perspective, the proposed per-slice offset in MSC in [2] is more rational. Before the concept of slice, there was a discussion about how 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, i.e. 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
Now since we have slices in NR, it gives a simple way to differentiate UE behaviours. Comparing the existing MSC, per-slice MSC provides further considerations in slice-level and is able to promote the QoS of each slice by more efficient HO. Comparing to per-SSB MSC, per-slice MSC will not suffer the impact from the UE’s un predictable movement. Furthermore, we already have agreed to exchange slice-level PRB usage between RAN nodes, which makes it reasonable to adopt slice-level MSC. The only issue that need to be carefully clarified is the mapping of slice into mobility group. 
Before going in to the details, we think it is important to outline the possible functionality. We acknowledge that a slice is not per service. Hence, each slice can contain a large number of different services with different QoS. Mobility decisions are on the other hand applicable on a per UE basis, and a UE may have multiple active slices. A solution providing a solution allowing full flexibility taking all these factors into account is not reasonable
We have already proposed the following three options:
Option 1: Include all combinations in MSC signalling
In this solution we would include all possible combinations S-NSSAI in use and map these to a specific HO trigger. The main drawback is that the list of offsets in MSC would need to quite long to cover all possible permutations but on the other hand, this would provide the biggest freedom for implementation.

Option 2: Use HO preparation to indicate which S-NSSAI to use for mapping

In this solution, we would include one HO trigger per S-NSSAI and use an indication in the HO preparation to indicate which one is used for mobility. This would reduce the MSC signalling but still give freedom for the source cell to select the appropriate HO trigger. The target node may then choose whether to continue using the same threshold or indicate a different S-NSSAI in future mobility

Option 3: Ordered list
In this solution, the MSC signalling includes an ordered list of HO trigger per S-NSSAI. The HO trigger is selected as the first in this list where a used S-NSSAI matches to the signalled list. This would reduce the signalling further but also the flexibility. 

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. This would allow for an operator to e.g. preserve optimum HO triggers for certain slices while using MSC to maintain the hysteresis between the cells. 

Include per-slice offset in MSC and agree the TP in the attached Annex-A.
2.2 Further discussion for introducing PRB reporting
In our latest Tdoc [2], we have already proposed the TP for 38.423 and in this paper, we supplement the changes in TS 38.473, to cover the changes on F1 interface.
RAN3 to agree the TP in the attached Annex-A and Annex-B.
2.3 Consideration on mechanism of controlling load balancing
In [1], Ericsson proposed to introduce some controlling mechanism for load reporting in NR, and reuse “stop request” mechanism in LTE as a baseline.  In general, we think the benefits to do so is rarely. Firstly, if the reporting gNB fails in reporting some measurement results, it can just omit the corresponding results. The requesting gNB can realize that some results cannot be obtained from the reporting gNB at the moment. It would be much simpler for the requesting gNB to initialise the Resource Status Reporting Initiation procedure after a number of expected results’ omitting. Secondly, even the requesting gNB receive the cause value from the reporting gNB and understand why some measurement results are missing, the requesting gNB is helpless to solve the cause. Therefore, based on the limited benefits and extra signalling costs, there is no need to add a pause/resume.
Further, this is also related to the functional split between the nodes. The choice to declare a stop or pause is completely up to the reporting node. But the node that should decide whether a reconfiguration is needed should be the requesting node. Therefore, adding an indication from the reporting node gives no additional benefit to the requesting node. The requesting node would anyway need to decide when to reconfigure in an attempt to get the prioritised measurements. 
Another important aspect is the usage of stop in LTE. In that system, the solution is defined so that the reporting node selects a cell and sends a stop indication per cell. It is also specified that the requesting node shall reconfigure the measurement and omit this cell. This means that the requesting node has no possibility to select which reporting is most important. Therefore, we would prefer to leave the solution as it is and let the requesting node decide when to reconfigure the measurements based on the values received. 
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The reporting node reports what it can provide for the requesting node.
2.4 Consideration on CAC reporting 
For the semantics description of CAC, we agree that based on the RAN3 #112 meeting’s agreement to “add SUL CAC to UL CAC as option IE (up to the sender to include)”, there will be no way to calculate NUL capacity. Actually, for the CAC calculation among NUL, SUL and the entire UL, if two of them are informed, there is no method to calculate out the third one. But we think the current measurements are valuable, since it indicates the available load for UEs that could use SUL+NUL or UEs that only can use SUL (and not NUL). If we need a measurement to indicate capacity for UEs only using NUL, we would prefer to create a new measurement for this. Thus, in our opinion, the best solution (if any) would be define the above three kinds of CAC in the CAC group IE, which can be referred in Annex-B.
Observation2: By defining CAC for SUL and NUL separately, the UL CAC cannot be calculated.
In the Composite Available Capacity Group IE, additionally defining CAC for SUL and NUL, while CAC for the entire UL should be kept.
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Based on the discussion in this paper, we propose the following: 
Observation 1: The effect of introducing controlling mechanism for load reporting is limited while the complexity is increased.
Observation2: By defining CAC for SUL and NUL separately, the UL CAC cannot be calculated.
1. There is no need for RAN3 to introduce per-SSB mobility setting change.
1. Include per-slice offset in MSC and agree the TP in the attached Annex-A.
1. RAN3 to agree the TP in the attached Annex-A and Annex-B.
1. The reporting node reports what it can provide for the requesting node.
1. In the Composite Available Capacity Group IE, additionally defining CAC for SUL and NUL, while CAC for the entire UL should be kept.
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Annex-A – TP for TS 38.423
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 node2 Proposed Slice Offset List
	0..1
	
	
	
	YES
	ignore

	> NG-RAN node2 Proposed Slice Offset Item
	1.. < maxnoofSliceItems>
	
	
	
	YES
	ignore

	>>PLMN Identity
	
	
	9.2.2.4
	
	YES
	ignore

	>>S-NSSAI
	
	
	9.2.3.21
	
	YES
	ignore

	>>Mobility Parameters Information 
	
	
	9.2.2.60
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024. 
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The Radio Resource Status IE indicates the usage of the PRBs per cell, and per SSB area, and per slice for all traffic in Downlink and Uplink and the usage of PDCCH CCEs for Downlink and Uplink scheduling. 
	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 in percentage of the total number of PRBs of this cell

	>>UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage in percentage of the total number of PRBs of this cell

	>>DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage in percentage of the total number of PRBs of this cell

	>>UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage in percentage of the total number of PRBs of this cell

	>>DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL Total PRB usage in percentage of the total number of PRBs of this cell

	>>UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL Total PRB usage in percentage of the total number of PRBs of this cell

	>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 in percentage of the total number of PRBs of this cell

	>>>>SSB Area UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL GBR PRB usage in percentage of the total number of PRBs of this cell

	>>>>SSB Area DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL non-GBR PRB usage in percentage of the total number of PRBs of this cell

	>>>>SSB Area UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL non-GBR PRB usage in percentage of the total number of PRBs of this cell

	>>>>SSB Area DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL Total PRB usage in percentage of the total number of PRBs of this cell

	>>>>SSB Area UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL Total PRB usage in percentage of the total number of PRBs of this cell

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

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

	>>Slice Radio Resource Status List
	
	0..1
	
	

	>>>Slice Radio Resource Status Item
	
	1..< maxnoofBPLMNs >
	
	

	>>>>PLMN Identity
	M
	
	9.2.2.4
	

	>>>>S-NSSAI Radio Resource Status List
	
	1
	
	

	>>>>>S-NSSAI Radio Resource Status Item
	
	1..<maxnoofSliceItems>
	
	

	>>>>>>S-NSSAI
	M
	
	9.2.3.21
	

	>>>>>>Slice DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per sliceDL GBR PRB usage  in percentage of the total number of PRBs of this cell 

	>>>>>>Slice UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per slice UL GBR PRB usage  in percentage of the total number of PRBs of this cell

	>>>>>>Slice DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per sliceDL non-GBR PRB usage in percentage of the total number of PRBs of this cell 

	>>>>>>Slice UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per sliceUL non-GBR PRB usage in percentage of the total number of PRBs of this cell 

	>>>>>>Slice DL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of DL PRBs available per cell for this slice if all the resources the slice could access were usable.

	>>>>>>Slice UL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of UL PRBs available per cell for this slice if all the resources the slice could access were usable.



	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. 

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. Value is 12.



Annex-B – TP for TS 38.473
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The Radio Resource Status IE indicates the usage of the PRBs per cell and, per SSB area and per slice for all traffic in Downlink and Uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	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 in percentage of the total number of PRBs of this cell
	-
	

	>>SSB Area UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL GBR PRB usage in percentage of the total number of PRBs of this cell
	-
	

	>>SSB Area DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL non-GBR PRB usage in percentage of the total number of PRBs of this cell
	-
	

	>>SSB Area UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL non-GBR PRB usage in percentage of the total number of PRBs of this cell
	-
	

	>>SSB Area DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL Total PRB usage in percentage of the total number of PRBs of this cell
	-
	

	>>SSB Area UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL Total PRB usage in percentage of the total number of PRBs of this cell
	-
	

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

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

	Slice Radio Resource List
	
	0..1
	
	
	YES
	ignore

	>Slice Radio Resource Item
	
	1..< maxnoofBPLMNsNR >
	
	
	-
	

	>>PLMN Identity
	M
	
	9.3.1.14
	Broadcast PLMN
	-
	

	>>S-NSSAI Radio Resource Status List
	
	1
	
	
	-
	

	>>>S-NSSAI Radio Resource Status Item
	
	1..<maxnoofSliceItems>
	
	
	
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	
	-
	

	>>>>S-NSSAI DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per slice DL GBR PRB usage in percentage of the total number of PRBs of this cell. 
	-
	

	>>>>S-NSSAI UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per slice UL GBR PRB usage in percentage of the total number of PRBs of this cell. 
	-
	

	>>>>S-NSSAI DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per slice DL non-GBR PRB usage in percentage of the total number of PRBs of this cell. 
	-
	

	>>>>S-NSSAI UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per slice UL non-GBR PRB usage in percentage of the total number of PRBs of this cell. 
	-
	

	>>>>Slice DL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of DL PRBs available per cell for this slice if all the resources the slice could access were usable.
	
	

	>>>>Slice UL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of UL PRBs available per cell for this slice if all the resources the slice could access were usable.
	
	



	Range bound
	Explanation

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

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

	maxnoofBPLMNsNR
	Maximum no. of PLMN Ids.broadcast in a cell. Value is 12.



9.3.1.130	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, NUL and SUL.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Composite Available Capacity Downlink
	M
	
	Composite Available Capacity 
9.3.1.131
	For the Downlink 
	-
	

	Composite Available Capacity Uplink
	M
	
	Composite Available Capacity 
9.3.1.131
	For the Uplink, including both NUL and SUL (if available)  
	-
	

	Composite Available Capacity Supplementary Uplink
	O
	
	Composite Available Capacity 
9.2.2.131
	For the SUL 
	YES
	ignore

	Composite Available Capacity NUL
	O
	
	Composite Available Capacity 
9.2.2.131
	For the Uplink NUL, not including SUL (if available)
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