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1. Introduction
[bookmark: _GoBack]The Inter-System Load Balancing was discussed during RAN3#111-e. In R3-211174, the summary of the offline discussion was presented. This paper contains a proposal for possible extension of reporting by reporting the number of NR capable UEs from E-UTRAN to NG-RAN.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
By signaling of the CAC for inter system load balancing, the specifications can achieve description of a working solution
- 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...
3. Discussion
During the MLB discussion in Rel-16, the load information “Number of Active UEs” was introduced for the intra-system load balancing. The reasoning of it was mentioned in [1] as follows.
-------------------------------------------------Start of quotation from [1] -------------------------------------------------
2.3.1 Number of active UEs
As mentioned in [2], this metric is corresponds to U-plane congestion level. If some data in buffer (based on the active UE definition), the common radio resource would be consumed to transfer it. So, the radio resource would be divided by them in general. Thus, the more active UEs are, the lower the achievable bitrate for the cell would be. Thus, it would reflect U-plane congestion level (i.e. the bitrate UEs achieve.) 
Furthermore, the definition would be very clear and unified as this was defined as the LTE measurement in RAN2 spec. (i.e. TS36.314 [3]) and to be inherited to NR. On exposing capability, this indicates just current status of UEs. So, it doesn’t show any equipment capability. 
-------------------------------------------------End of quotation from [1] -------------------------------------------------
Therefore, it seems that the number of active UEs was introduced to reflect the user plane load.
Furthermore, the following is described in [2],
------------------------------------------------Start of quotation from [2] ------------------------------------------------
[bookmark: _Toc532550781][bookmark: _Toc23029795][bookmark: _Toc22987262][bookmark: _Toc22986234][bookmark: _Toc43234909][bookmark: _Toc43242701][bookmark: _Toc46328567][bookmark: _Toc52580205][bookmark: _Toc61255490]4.2.1.3	Number of active UEs in RRC_CONNECTED
[bookmark: _Toc43234910][bookmark: _Toc43242702][bookmark: _Toc46328568][bookmark: _Toc52580206][bookmark: _Toc61255491]4.2.1.3.1	General
The objective of the measurement is to measure the number of active UEs per QoS level for OAM performance observability or for SON functions e.g., mobility load balancing. It is intended to be part of a calculation to determine the bitrate UEs achieve when they are active, i.e. when applications are transmitting and receiving data. The measurements are applicable for both non-split gNB and split gNB deployment scenario.
-------------------------------------------------End of quotation from [2] ------------------------------------------------
It is used to determine the bitrate UEs achieve. The more the active UEs are, the lower the achievable bitrate for the cell would be. Therefore, it is useful to re-distribute the UEs between different cells.
In addition, since the definition of “number of active UEs” is very clear in current specification, there is no inter-vendor operation problem.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]The “Number of active UEs” should be introduced in the inter-system load report.
The neighbour cell load information is also useful for the base station to decide to switch-off or switch-on capacity booster cell for energy saving. For example, there are two types of UE in general. The first type is legacy UE, where the UE can only support E-UTRAN and hence it can access to the eNB only. The second type is NR UE, where the UE supports both the E-UTRAN and the NR, and hence it can access to the ng-eNB as well as the gNB. For the inter-system energy saving, the “Number of active NR UEs” may provide valuable information as below.
[image: ]
· Scenario 1: the capacity booster cell in the gNB is active and the load is low. As potential target nodes, the eNB1 reports its load status to the gNB. The load information includes both the “Number of total active UEs” and the “Number of active NR UEs”. Assume the number of total active UEs is 100. If the number of active NR UEs is low compared to the total number, e.g. 5, the gNB may decide to switch-off the capacity booster cell to dormant state, in order to save the energy consumption. However, if the number of active NR UEs is higher than a threshold, e.g. 20, the gNB may not switch-off the capacity booster cell, because the gNB can always provide the better experience for the UE than the eNB. The eNB will then offload some NR UEs to the gNB.

· Scenario 2: the capacity booster cell in the gNB is dormant. As potential target nodes, the eNB1 reports its load status to the gNB. The load information includes both the “Number of total active UEs” and the “Number of active NR UEs”. If the number of active NR UEs grows quickly compared to the last load report, e.g. 20 vs 5, the gNB should activate the cell in order to provide better experience for the NR UEs. Another example is when the number of active NR UEs reaches a threshold, e.g. 20, the gNB should activate the cell even the load in the capacity booster cell is low.

The threshold to switch on/off the capacity booster cell based on the number of active NR UEs from the eNB may be up to the operator design.
In summary, the “Number of active NR UEs” provides valuable information for the inter-system energy saving where it gives more room for the gNB to switch off/on the capacity booster cell.
[bookmark: _Toc423019662][bookmark: _Toc423019947][bookmark: _Toc423020276][bookmark: _Toc423020293][bookmark: _Toc423020301]The “Number of active NR UEs” should be introduced in the inter-system load report. 
During last meeting, some companies expressed the concern on the complexity of the thresholds for event based signalling. We think the solution selected for LTE provides a simple way to send number of thresholds and it is considered as an easy way for the requesting node to specify the granularity of the reporting. Considering that load balancing is typically more interesting for higher loads, it is beneficial to limit reporting to the overload states with possible improvement, e.g. introduce a starting point for the distribution described in [3]. Taking the above consideration together, we propose to use the CAC together with the starting point for triggering the inter-system load report while the load information includes the CAC, Number of active UEs and Number of active NR UEs.
Use CAC together with starting point for event reporting triggering, and the receiver should report the CAC, Number of active UEs and Number of active NR UEs.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1:	The “Number of active UEs” should be introduced in the inter-system load report.
[bookmark: _Toc423020280]Proposal 2:	The “Number of active NR UEs” should be introduced in the inter-system load report.
Proposal 3:	Use CAC together with starting point for event reporting triggering, and the receiver should report the CAC, Number of active UEs and Number of active NR UEs.
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