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1	Introduction
Last RAN3 meeting achieved the following agreements and FFSes related to load metrics,
RAN3#114e:
RAN3 agrees to work on a solution as light as possible for informing about other cells that are relevant to UEs served by a cell and that can be configured as PSCell or SCell for the UE.
Per-beam MSC is to be supported. FFS if CHO shall be supported.
Per-slice MSC is to be supported. FFS how to handle non-supported slices.
The number of inactive UEs will be added. FFS if they shall be provided per cell or per node.
The reporting node shall be allowed to stop reporting. FFS is an LTE-like mechanism is needed, or the reporting node may skip some reports.
To be continued...
In this contribution, we further discuss the remaining issues regarding load metrics.
2	Discussion
PRB usage has been introduced as a load metric for load reporting since R16. As specified in the latest version of XnAP, PRB usage is reported per SSB area, which is quoted as follows [1],
------------------------------------------------------------Start of quotation------------------------------------------------------------
[bookmark: _Toc14207849][bookmark: _Toc44497638][bookmark: _Toc45108026][bookmark: _Toc45901646][bookmark: _Toc51850726]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 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

	>>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)
	



------------------------------------------------------------End of quotation------------------------------------------------------------
As far as we know, the SSB Area PRB usage was introduced as a substitute of cell-level PRB usage. However, operators often would like to check cell-level PRB usage as a criterion for base stations to decide whether to perform (mobility) load balancing operations. So the receiving node of the load report should be able to calculate the cell-level PRB usage based on the SSB Area PRB usage. It is also the reason why we removed cell level PRB usage load reporting in R16, because we believed that cell-level PRB usage can be exactly calculated out by the reported SSB Area PRB usage.
Observation 1: According to Operators’ strategy, the source node often uses cell-level PRB usage of the potential target nodes to decide whether/how to perform (mobility) load balancing operations.
Observation 2: It was believed that cell-level PRB usage can be exactly calculated by the reported SSB Area PRB usage, which is the reason why cell-level PRB usage was not introduced for load reporting in R16.
However, based on the feedback from our current network, the source node is not able to calculate the exact cell-level PRB usage with the reported SSB Area PRB usage from potential target nodes, if the scheduled MIMO layer for UEs in potential target node is also taken into consideration. Take the following figure as an example,
 (
UE1
Used PRB=30
MIMO layer=3
UE2
Used PRB=50
MIMO layer=1
UE3
Used PRB=40
MIMO layer=1
Total available PRB=100
: 1 PRB
Scheduled with multiple MIMO layer and MU-MIMO
)The following figure shows an example.
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Figure 1 An example of PRB Usage for Massive MIMO
Above Figure 1 illustrates the PRBs scheduled at a potential target node. The gray grid shows that there are totally 100 PRBs available for scheduling. Each box indicates 1 PRB. And after scheduling, UE 1 is allocated by 30 PRBs with 3 MIMO layers. And UE 2 is allocated by 50 PRBs with 1 MIMO layer. And UE 3 is allocated by 40 PRBs with 1 MIMO layer. Please note that MU-MIMO is utilized for UE2 and UE3, i.e. there are 20 PRBs used by both UE2 and UE3.
If we also assume that UE1 is served by SSB Area1, UE2 is served by SSB Area2, and UE3 is served by SSB Area3 (which is a reasonable assumption which could happen in reality), the potential target node will only report that SSB Area1 PRB usage is 30%, SSB Area2 PRB usage is 50% and SSB Area3 PRB usage is 40% to the source node; however, after reception of these SSB Area PRB usage values, the source node is not able to calculate an exact cell-level PRB usage of the potential target node because:
- The source node has no clue on the scheduled MIMO layer for each UE connected to the potential target node;
- The source node has no clue on whether the scheduled PRBs for those SSB Areas are overlapped or not.
Observation 3: The source node is actually unable to calculate the exact cell-level PRB usage of the potential target node by merely the reported SSB Area PRB usage.
As a result, it is more appropriate for the potential target node to calculate the cell-level PRB usage and report it to the source node. And we’ve already defined L2 measurement on PRB usage for MIMO in TS 38.314 in R16, which is quoted as follows [2],
------------------------------------------------------------Start of quotation------------------------------------------------------------
4.2.1.7	PRB Usage for MIMO
4.2.1.7.1	PDSCH PRB Usage for MIMO in the DL per cell
This measurement provides the total usage (in percentage) of PDSCH physical resource blocks (PRBs) for MIMO in the downlink per cell. The objective of the measurement is to measure usage of time and frequency resources. A use-case is OAM performance observability.
Protocol Layer: MAC, PHY
Table 4.2.1.7.1-1: Definition for PDSCH PRB Usage for MIMO in the DL per cell
	Definition
	PDSCH PRB Usage for MIMO in the DL per cell is calculated in the time-frequency domain.

Detailed Definition:
where
explanations can be found in the table 4.2.1.7.1-2 below.



Table 4.2.1.7.1-2: Parameter description for PDSCH PRB Usage for MIMO in the DL per cell
	
	Total PDSCH PRB usage per cell which is percentage of PRBs used, averaged during time period  with integer value range: 0-100

	
	A count of PDSCH PRBs used for traffic transmission for UE  on single MIMO layer per cell at sampling occasion .
Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)

	
	The number of MIMO layers scheduled for UE  at sampling occasion . 

	
	A UE  that is scheduled during time period 𝑇. 

	
	Sampling occasion during time period T. A sampling occasion is 1 symbol.

	
	Total number of sampling occasions taken during time period T.

	
	Total number of PDSCH PRBs available for 1 sampling occasion on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	Constant value configured by OAM with integer value range: 1-100. With this parameter,  should not be larger than 100.



4.2.1.7.2	PUSCH PRB Usage for MIMO in the UL per cell
This measurement provides the total usage (in percentage) of PUSCH physical resource blocks (PRBs) for MIMO in the uplink per cell. The objective of the measurement is to measure usage of time and frequency resources. A use-case is OAM performance observability.
Protocol Layer: MAC, PHY
Table 4.2.1.7.2-1: Definition for PUSCH PRB Usage for MIMO in the UL per cell
	Definition
	PUSCH PRB Usage for MIMO in the UL per cell is calculated in the time-frequency domain.

Detailed Definition:
where
explanations can be found in the table 4.2.1.7.2-2 below.



Table 4.2.1.7.2-2: Parameter description for PUSCH PRB Usage for MIMO in the UL per cell
	
	Total PUSCH PRB usage per cell which is percentage of PRBs used, averaged during time period  with integer value range: 0-100

	
	A count of PUSCH PRBs scheduled for traffic transmission for UE  on single MIMO layer per cell at sampling occasion .
Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)

	
	The number of MIMO layers scheduled for UE  at sampling occasion . 

	
	A UE that is scheduled during time period 𝑇. 

	
	Sampling occasion during time period T. A sampling occasion is 1 symbol.

	
	Total number of sampling occasions taken during time period T.

	
	Total number of PUSCH PRBs available for 1 sampling occasion on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	Constant value configured by OAM with integer value range: 1-100. With this parameter,  should not be larger than 100.


------------------------------------------------------------End of quotation------------------------------------------------------------
With the above definitions in TS 38.314, the potential target node is able to calculate the exact cell-level PRB usage, and report this cell-level PRB usage to the source node without any ambiguity.
Again we take above Figure 1 as an example, then the cell-level PRB usage can be calculated by (assuming Alpha=3),

Then the potential target node can report cell-level PRB usage with 60% by means of a unified way of calculation.
Proposal 1: Introduce cell-level PRB usage for MIMO as a new load metric, and the exact way of calculation reuses the definition given in TS 38.314.
Another open issue is the introduction of the number of inactive UEs. We see benefits of introducing such a metric, which could be a useful complementary to the existing metric RRC Connections. According to the email discussion, it seems that there are multiple interpretations on the number of inactive UEs. From our understanding, the number of inactive UEs (of course this term may be pending to be modified in order to distinguish from the existing Number of active UE, since the implications for two terms are totally different) indicates the number of UEs in RRC Inactive state. In our opinion, the number of inactive UEs can be defined on top of ‘Number of stored inactive UE contexts’ as defined in TS 38.314 [1], which reflects the control plane capability on the maximum number of inactive UE context a specific cell can support to store, as well as the control plane status on the current number of stored inactive UE contexts.
Proposal 2: It is suggested to introduce a metric to reflect the control plane capability on the maximum number of inactive UE context a specific cell supports to store, as well as the control plane status on the current number of stored inactive UE contexts.
3	Conclusion
This contribution discusses load balancing enhancement, and provides following proposals,
Observation 1: According to Operators’ strategy, the source node often uses cell-level PRB usage of the potential target nodes to decide whether/how to perform (mobility) load balancing operations.
Observation 2: It was believed that cell-level PRB usage can be exactly calculated by the reported SSB Area PRB usage, which is the reason why cell-level PRB usage was not introduced for load reporting in R16.
Observation 3: The source node is actually unable to calculate the exact cell-level PRB usage of the potential target node by merely the reported SSB Area PRB usage.
Proposal 1: Introduce cell-level PRB usage for MIMO as a new load metric, and the exact way of calculation reuses the definition given in TS 38.314.
Proposal 2: It is suggested to introduce a metric to reflect the control plane capability on the maximum number of inactive UE context a specific cell supports to store, as well as the control plane status on the current number of stored inactive UE contexts.
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The Radio Resource Status IE indicates the usage of the PRBs per cell for MIMO, per SSB area, and per SSB areaslice 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
	Criticality
	Assigned Criticality

	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
	–
	

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

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

	>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 cell total PRB number.
	–
	

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

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

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

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

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

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

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

	>>Slice Radio Resource Status List
	
	0..1
	
	
	YES
	ignore

	  >>>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 slice DL GBR PRB usage in percentage of the cell total PRB number. 
	–
	

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

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

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

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

	>>DL GBR PRB usage for MIMO
	M
	
	INTEGER (0..100)
	Per cell DL GBR PRB usage for MIMO in percentage of the cell total PRB number as defined in TS 38.314 [X].
	–
	

	>>UL GBR PRB usage for MIMO
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage for MIMO in percentage of the cell total PRB number as defined in TS 38.314 [X].
	–
	

	>>DL non-GBR PRB usage for MIMO
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage for MIMO in percentage of the cell total PRB number as defined in TS 38.314 [X].
	–
	

	>>UL non-GBR PRB usage for MIMO
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage for MIMO in percentage of the cell total PRB number as defined in TS 38.314 [X].
	–
	

	>>DL Total PRB usage for MIMO
	M
	
	INTEGER (0..100)
	Per cell DL Total PRB usage for MIMO in percentage of the cell total PRB number as defined in TS 38.314 [X].
	–
	

	>>UL Total PRB usage for MIMO
	M
	
	INTEGER (0..100)
	Per cell UL Total PRB usage for MIMO in percentage of the cell total PRB number as defined in TS 38.314 [X].
	–
	



	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.
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