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1	Introduction
Last meeting further discussed the load metrics and load reporting for inter-system load balancing, and following FFSes are captured,
- Continue discussions on CAC encoding, which also depend on development of other open issues (e.g. types of information reported)
- Further discuss how signaling of additional load metrics can be specified and how it works, namely:
   - How can source and target understand the additional information, namely the impact on source and target should be outlined
   - How would the signaling work with respect to reporting thresholds, e.g. are the additional information reported when specific thresholds per information is reached? Are they reported all when only one threshold is met? 
- Two threshold mechanisms for inter system load balancing are proposed: range-based thresholds (legacy LTE) and explicit-thresholds (where each threshold can be flexibly selected). It is proposed to continue discussions on which threshold mechanism to follow.
To be continued...
This contribution provides more discussions on introducing more load metrics for the inter-system load balancing.
2	Discussion
According to the remaining issues captured last meeting, the first one is whether CAC is encoded according to the sender’s rule. The question was raised because in NR we introduced both per cell and per SSB CAC, while in LTE only per cell CAC was adopted. Since we’ve agreed to use CAC encoding defined in LTE as a starting point; thus, the question would then shifted to be whether it is beneficial to report per SSB CAC from NR to E-UTRAN. 
From our understanding, the answer is ‘Yes’. And we can take the figure below as an example.


Assuming there are an E-UTRAN cell and an NR cell that are overlapped in coverage, and eNB decides to offload several UEs to the adjacent NR cell. SSB1 and SSB2 are two SSB areas within the NR cell that overlap with the E-UTRAN cell, and SSB1 is low in load (namely higher available resource indicated by SSB1 CAC) while SSB2 is high in load (namely lower available resource indicated by SSB2 CAC). If only CAC per cell is reported from NR to E-UTRAN, the eNB may offload UE3 to SSB2 which may not have enough resource to accept UE3, then HO failure to UE3 may occur; while if CAC per SSB area can also be reported, eNB will obtain the information that SSB2 is undergoing a high load status, and will not perform MLB operations for UE3. So reporting CAC per SSB from NR to E-UTRAN could be beneficial.
Besides, based on the current spec on inter-system HO from 4G to 5G, the UE connected to E-UTRAN cell has already been able to report beam related information, such as NR best beam, to eNB. With the aid of measurement results obtained from UE and SSB CAC load reporting from gNB, eNB is able to making more precise and efficient decisions for inter-system MLB.
Proposal 1: Agree the load metrics for reporting are encoded based on the sender’s rule for inter-system MLB.
The next open issue is how the additional load metrics can be introduced, i.e.
  - How can source and target understand the additional information, namely the impact on source and target should be outlined
  - How would the signaling work with respect to reporting thresholds, e.g. are the additional information reported when specific thresholds per information is reached? Are they reported all when only one threshold is met?
Note that the additional load metrics, as discussed during last several meetings, are PRB usage, RRC connections, Number of active UEs and TNL available capacity.
Firstly, the load metric PRB usage for which the value settings are not implementation-specific (like CAC), should be introduced in order to solve the inter-operability issue.
In addition, as the only metric which can reflect the control plane load for a given cell, the RRC connections should be introduced in order to give another dimension of information for adjacent cells to analyze and make MLB decisions.
Moreover, the load metric Number of active UEs and TNL available capacity can be introduced as a complement to reflect the load status which we believe will not cause too much excessive load on inter-system reporting, while providing valuable information to perform MLB operations.
Observation 1: PRB usage, RRC connections, Number of active UEs and TNL available capacity can be considered as the additional load metrics.
The first bullet above is also related to whether the sender’s rule should be adopted. And the main concern from some companies is that the target needs also to understand the encoding of the source if we follow the sender’s rule; however, in our opinion, following sender’s rule does not cause any essential issue, because inter-system load balancing between E-UTRAN and NR is a new functionality introduced in R17, and if we would like to deploy such functionality in the network, we will anyway upgrade our E-UTRAN and NG-RAN nodes to the latest release. As a consequence, the only impact is that target needs to understand the encoding of the source, and it can be implemented as long as source and target are upgraded to the latest release, which is natural when we deploy new functionalities.
Observation 2: The only impact to introduce additional load metrics is that target needs to understand the encoding of the source, and it can be implemented as long as source and target are upgraded to the latest release, which is natural when we deploy new functionalities.
The second bullet is only related to additional load metrics for event-triggered load reporting. Since we have agreed to adopt threshold-based solutions, it is necessary to define which sub-metrics are used for threshold setting, and latest TS 38.423 can be set as a reference.
For CAC, as defined in TS 38.423, CAC load is reported in terms of UL and DL separately, and there are two sub-metrics, namely Cell Class Capacity Value (classifying cell capccity with regards to the other cells) and Capacity Value (indicating available capacity with respect to the whole cell/SSB). Apparently, Capacity Value per cell is the most appropriate sub-metric that can be used for threshold setting, but whether to refer to UL or DL Capacity Value per cell should be further discussed.
Proposal 2: Use Capacity Value per cell as the sub-metric for threshold setting for event-triggered load reporting. FFS on which one to use, UL, DL or both.
For RRC connections, as defined in TS 38.423, the sub-metric Available RRC Connection Capacity Value is specified which is quoted as below,
[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 above we obtain that Available RRC Connection Capacity Value indicates the residual number of RRC connections which is expressed as a percentage. In addition, although this metric is only defined in NR which can be used for load reporting from NR to E-UTRAN, similar value can also be easily obtained by E-UTRAN nodes and can be used for load reporting from E-UTRAN to NR.
Proposal 3: Use Available RRC Connection Capacity Value as the sub-metric for threshold setting for event-triggered load reporting, adopting the definition in TS 38.423 as the reference.
Similarly, for PRB usage, as defined in TS 36.423, the sub-metric DL/UL total PRB usage can be considered as the sub-metric for threshold setting. Note that PRB usage is expressed as a utilization value which is different from above two sub-metrics which are expressed as available capacity value, but all of them are exchanged as a percentage value which is suitable for threshold setting.
It should also be noted that PRB usage has been used in our current network since LTE, and has proven to be one of the most efficient load metrics especially in multi-vendor inter-operable scenarios.
Proposal 4: Use PRB utilization per cell as the sub-metric for threshold setting for event-triggered load reporting, adopting the definition in TS 36.423 as the reference.
Other metrics, including Number of active UEs and TNL available capacity can also be considered as the sub-metrics for threshold setting in future releases.
During last several meetings, some companies expressed their concern on the complexity of explicitly threshold based method if more load metrics are adopted for inter-system load balancing. In fact, the above proposed sub-metrics, including CAC Capacity Value, Available RRC Connection Capacity Value and PRB utilization per cell are all expressed in terms of percentage, so it is useful and efficient to choose one of them as the threshold for each measurement ID pair, which can be implemented by the CHOICE structure.
Proposal 5: Choose and only use one of the following metrics for the threshold for each measurement ID pair (i.e. each inter-system status request/response): CAC Capacity Value per cell, Available RRC Connection Capacity Value, and PRB utilization per cell.
When the pre-configured thresholds for the chosen metric (one of CAC Capacity Value per cell, Available RRC Connection Capacity Value, and PRB utilization per cell) are crossed, the load reporting is event-triggered. Then all of the potential load metrics including PRB usage, RRC connections, CAC, number of active UEs and TNL load can be reported using the encoding by following the sender’s rule. Some company may raise the concern about the extra overhead brought by reporting all potential load metrics compared to merely reporting CAC; however, in our opinion, the main bottleneck is not the length of the report, but the number of concurrent number of messages transmitted in the transport network. Consequently, the above concern does not cause essential issues to the network.
Proposal 6: When the pre-configured thresholds for the chosen sub-metric are crossed, at least PRB usage, RRC Connections, CAC and Number of Active UEs which are encoded by following the sender’s rule are reported for event-triggered load reporting.
On the other hand, for periodic load reporting, we also do not see any essential problem when introducing more load metrics for load reporting.
Proposal 7: At least to signal PRB usage, RRC connections, CAC and Number of active UEs for periodic load reporting, and these load metrics are encoded by following the sender’s rule.
3	Conclusion
This contribution discusses inter-system load balancing, and provides following proposals,
Proposal 1: Agree the load metrics for reporting are encoded based on the sender’s rule for inter-system MLB.
Observation 1: PRB usage, RRC connections, Number of active UEs and TNL available capacity can be considered as the additional load metrics.
Observation 2: The only impact to introduce additional load metrics is that target needs to understand the encoding of the source, and it can be implemented as long as source and target are upgraded to the latest release, which is natural when we deploy new functionalities.
Proposal 2: Use Capacity Value per cell as the sub-metric for threshold setting for event-triggered load reporting. FFS on which one to use, UL, DL or both.
Proposal 3: Use Available RRC Connection Capacity Value as the sub-metric for threshold setting for event-triggered load reporting, adopting the definition in TS 38.423 as the reference.
Proposal 4: Use PRB utilization per cell as the sub-metric for threshold setting for event-triggered load reporting, adopting the definition in TS 36.423 as the reference.
Proposal 5: Choose and only use one of the following metrics for the threshold for each measurement ID pair (i.e. each inter-system status request/response): CAC Capacity Value per cell, Available RRC Connection Capacity Value, and PRB utilization per cell.
Proposal 6: When the pre-configured thresholds for the chosen sub-metric are crossed, at least PRB usage, RRC Connections, CAC and Number of Active UEs which are encoded by following the sender’s rule are reported for event-triggered load reporting.
Proposal 7: At least to signal PRB usage, RRC connections, CAC and Number of active UEs for periodic load reporting, and these load metrics are encoded by following the sender’s rule.
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