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1	Introduction
Last two meetings discussed inter-system load balancing, and following agreements and FFSes are captured,
RAN3#112e:
The combination of range-based thresholds and explicit thresholds should be applied for event-triggered reporting, and the details are FFS.
RRC connections, Number of active UEs are introduced for inter system load balancing. PRB usage is FFS.
CAC is used as the triggering metric for event-triggered reporting. 
Once the threshold is met, all the load metrics requested should be reported.
Encoding method of load metrics should be further studied.
Introduction of PRB usage should be further studied
To be continued...
It is sufficient to have a single measurement per node pair, i.e. no measurement IDs are needed.
No consensus on whether an indicator from the reporting node to inform about stop/pause/resume is needed. To be continued …
No consensus on the reporting of NR capable UEs. To be continued …
This contribution provides further discussions on load metrics of the inter-system load balancing.
2	Discussion
2.1 PRB usage
The introduction of PRB usage has been discussed for many meetings, but no consensus achieved.
In current network, it is a basic strategy that the deployment of eNB will constantly provide the basic coverage, and UEs are probable to be load balanced and get served by an eNB when the capacity/coverage of NG-RAN is limited for a specific area; therefore, the demand for 4G-5G inter-system load balancing is high and urgent. As a result, the load metrics used for 4G-5G inter-system load balancing should be efficient to be used and clear in definition, so that the current network can benefit from the load metrics to be exchanged.
Observation 1: The load metrics for 4G-5G inter-system load balancing should be efficient to be used and clear in definition.
Recall that we’ve agreed to introduce CAC, RRC connections, and Number of active UEs as the load metric for 4G-5G inter-system load balancing. Among them, CAC indicates the overall available resource level per cell which reflects the cell capacity; however, as a common understanding, the value setting of CAC, including Cell Capacity Class Value and Capacity Value, is up to implementation. More specifically, from standardization perspective, we’ll never know which types of resources are taken into account, and what weight is assigned to each type of resource under consideration, when such CAC values are set. So if a source node needs to offload UEs to a target node, and if the potential target nodes are from different vendors so that the CAC values are set in different ways, the source node has no clue on which target node is more appropriate by merely receiving CAC values reported.
For other adopted metrics, RRC connections reflect the control plane load, and Number of active UEs only indicates the mean number per cell. So the current situation reveals that inter-system load balancing lacks a load metric which can reflect the user plane load/capacity and the value setting will not dependant on implementation.
Observation 2: The settings of CAC values are up to implementation, and reporting CAC alone is not efficient in a multi-vendor environment.
Observation 3: Current adopted load metrics for inter-system load balancing is not enough to reflect the user plane capacity while ensuring to be independent to implementation.
Consequently, PRB usage is the best candidate to satisfy the requirement mentioned above. Firstly, it has clear definition, i.e. the usage of PRBs in percentage per cell, which will not cause any ambiguity on the value setting. Secondly, PRB usage reflects the user plane load of the radio resource which has long been considered as the main bottleneck of the data transmission. Thirdly, PRB usage has already been adopted for intra-system load balancing in specs, and has proven to be one of the most useful and efficient load metrics in current networks including both LTE and NR. Thus, in our current network, we use PRB usage rather than CAC for load reporting.
Observation 4: PRB usage has clear definition and reflects the load of the radio resource which is considered as the main bottleneck of the data transmission. And PRB usage has proven to be useful and efficient in current network.
Proposal 1: Introduce PRB usage as the load metric for inter-system load balancing.
According to the email discussion during last meeting, some company has concern that eNB will not know the PRB structure of cells under gNB without NR bandwidth information (including SCS information and BW information in terms of number of resource blocks); however, in our opinion, lacking the knowledge of PRB structure does not mean that reporting PRB usage is not needed. On the contrary, it seems to us that there’s a common understanding that NR bandwidth information is important and beneficial to help source eNB make more accurate and efficient decisions on potential target gNB, which can be proved by the simple example below:
Let’s assume two potential target NR cell, Cell1 with 100 PRBs and reports 40% of PRB usage, while Cell2 with 200 PRBs and reports 60% of PRB usage. So the available number of PRBs for Cell1 is 60, and the available number of PRBs for Cell2 is 80. As a consequence, Cell2 will be the optimal choice; however, if the BW information is not coordinated beforehand, Cell1 may be selected as the target since it reports a lower PRB usage.
From our understanding, transferring NR bandwidth information doesn’t introduce too much complexity: the potential NR cell does not need to report its NR bandwidth information every time it performs load reporting, and the NR bandwidth information can be transmitted by inter-system load reporting response procedure once for all. In addition, the code-points for both SCS info and BW info are quite limited so that the extra overhead is marginal. As a result, it is suggested to also include NR bandwidth information when replying the inter-system load reporting.
Observation 5: The NR bandwidth information can be transmitted by inter-system load reporting request/response procedure once for all. And the code-points for both SCS info and BW info are quite limited so that the extra overhead is marginal.
Proposal 2: NG-RAN includes NR bandwidth information (including SCS information, and BW information in terms of number of resource blocks) for each cell when replying the inter-system load reporting.
2.2 Number of active UEs and RRC connections
RAN3#112-e has agreed to introduce RRC connections and Number of active UEs as the additional load metrics for inter-system load balancing; however, the stg3 details have not been discussed so far.
For Number of active UEs, recall that this metric has been introduced as the load metric for intra-NR MLB, and the stg3 details has been given in XnAP which is quoted as below,

[bookmark: _Hlk44423802]9.2.2.62 	Number of Active UEs
The Number of Active UEs IE indicates the mean number of active UEs as defined in TS 38.314 [42].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Mean number of Active UEs
	M
	
	INTEGER(0..16777215, ...)
	As defined in TS 38.314 [42] and where value "1" is equivalent to 0.1 Active  UEs, value "2" is equivalent to 0.2 Active UEs, value n is equivalent to n/10 Active UEs.



In our opinion, it is natural to reuse the definition given in XnAP, i.e., reusing the Mean number of Active UEs as specified in TS 38.314 for inter-system load reporting from NR to E-UTRAN.
On the other hand, similar to the case of inter-system load reporting from NR to E-UTRAN, we’d also like to adopt a ‘mean number per cell’ metric for inter-system load reporting from E-UTRAN to NR. From our understanding, it is proper to reuse the definition of Number of Active UEs as specified in section 4.1.3.3, TS 36.314, for it indicates the mean number of active UEs per cell over a period of time.
Proposal 3: Reuse the Mean number of Active UEs per cell as specified in TS 38.314 for inter-system load reporting from NG-RAN to E-UTRAN.
Proposal 4: Reuse the Number of Active UEs as specified in TS 36.314, section 4.1.3.3 for inter-system load reporting from E-UTRAN to NG-RAN.
For RRC connections, recall that this metric has been introduced as the load metric for intra-NR MLB, and the stg3 details has been given in XnAP which is quoted as below,

[bookmark: OLE_LINK15][bookmark: _Toc44497644][bookmark: _Toc45108032][bookmark: _Toc45901652][bookmark: _Toc51850732]9.2.2.56	RRC Connections
The RRC Connections IE indicates the overall status of RRC connections per cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Number of RRC Connections
	M
	
	9.2.2.57
	

	Available RRC Connection Capacity Value
	M
	
	9.2.2.58
	



[bookmark: _Hlk44423724][bookmark: _Toc44497645][bookmark: _Toc45108033][bookmark: _Toc45901653][bookmark: _Toc51850733]9.2.2.57	Number of RRC Connections
The Number of RRC Connections IE indicates the absolute number of UEs in RRC_CONNECTED mode.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Number of RRC Connections
	M
	
	INTEGER (1..65536,...)
	



[bookmark: _Hlk44423737][bookmark: _Toc44497646][bookmark: _Toc45108034][bookmark: _Toc45901654][bookmark: _Toc51850734]9.2.2.58	Available RRC Connection Capacity Value
The Available RRC Connection Capacity Value IE indicates the residual percentage of the number of RRC connections, relative to the maximum number of RRC connections supported by the cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Available RRC Connection Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 indicates no available capacity, and 100 indicates maximum available capacity with respect to the whole cell. Capacity Value should be measured on a linear scale.



From our understanding, it is straight-forward to reuse RRC Connections as defined in XnAP for inter-system load reporting from NR to E-UTRAN, and eNB will know exactly the status of RRC connections for a NR cell by receiving such information.
Similarly, since there’s potentially no difference on the definition of number of RRC connections and available RRC connection capacity value between LTE and NR, it is also beneficial to reuse RRC Connections as defined in XnAP for inter-system load reporting from E-UTRAN to NR, and we believe it will not bring too much extra complexity to an eNB by measuring the number and available capacity of RRC connections.
Proposal 5: Reuse the RRC Connections as specified in TS 38.423 for inter-system load reporting, both from E-UTRAN to NG-RAN and from NG-RAN to E-UTRAN.
2.3 NR capable active UEs
Last meeting discussed the introduction of NR capable active UEs for energy saving purpose. The eNB can report its connected UEs that are capable to be served by NR, so that under some circumstances, the gNB can decide to switch-on/ off the cell booster autonomously by considering the reported number of NR capable active UEs as an input. In our opinion, the benefits of introducing the number of NR capable active UEs are clear. In addition, it is not complex for eNB to additionally count the connected UEs which are NR capable, with only limited extra overhead for load reporting. So we do not see any show-stopper to introduce such metric.
Proposal 6: Introduce the number of active UEs which are NR capable for load reporting from E-UTRAN to NG-RAN.
3	Conclusion
This contribution discusses inter-system load balancing, and provides following proposals,
Observation 1: The load metrics for 4G-5G inter-system load balancing should be efficient to be used and clear in definition.
Observation 2: The settings of CAC values are up to implementation, and reporting CAC alone is not efficient in a multi-vendor environment.
Observation 3: Current adopted load metrics for inter-system load balancing is not enough to reflect the user plane capacity while ensuring to be independent to implementation.
Observation 4: PRB usage has clear definition and reflects the load of the radio resource which is considered as the main bottleneck of the data transmission. And PRB usage has proven to be useful and efficient in current network.
Proposal 1: Introduce PRB usage as the load metric for inter-system load balancing.
Observation 5: The NR bandwidth information can be transmitted by inter-system load reporting request/response procedure once for all. And the code-points for both SCS info and BW info are quite limited so that the extra overhead is marginal.
Proposal 2: NG-RAN includes NR bandwidth information (including SCS information, and BW information in terms of number of resource blocks) for each cell when replying the inter-system load reporting.
Proposal 3: Reuse the Mean number of Active UEs per cell as specified in TS 38.314 for inter-system load reporting from NG-RAN to E-UTRAN.
Proposal 4: Reuse the Number of Active UEs as specified in TS 36.314, section 4.1.3.3 for inter-system load reporting from E-UTRAN to NG-RAN.
Proposal 5: Reuse the RRC Connections as specified in TS 38.423 for inter-system load reporting, both from E-UTRAN to NG-RAN and from NG-RAN to E-UTRAN.
Proposal 6: Introduce the number of active UEs which are NR capable for load reporting from E-UTRAN to NG-RAN.
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