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1. Introduction 
Inter-System Load Balancing has been discussed in the past meetings with the following agreements:
Introduce Inter System Load Balancing mechanisms on the basis of the solution available in E-UTRAN
Introduce Inter System Load Balancing by means of mechanisms that resemble or reuse the SON Configuration Transfer IE for the purpose of configuring load balancing metrics and reporting load balancing measurements 
Use S1: eNB CONFIGURATION TRANSFER, S1: MME CONFIGURATION TRANSFER, NG: UL RAN CONFIGURATION TRANSFER and  NG: DL RAN CONFIGURATION TRANSFER for the transfer of inter system load balancing via means of mechanisms that resemble or reuse the SON Configuration Transfer IEs. It is FFS whether further details on the signaling part need to be introduced
Adopt signaling of the Composite Available Capacity (Cell Capacity Class value and Capacity Value) for inter system MLB
Adoption of further MLB metrics is FFS
[bookmark: _Hlk71171802]Event Based Reporting and Periodic Reporting (only in case specific conditions are met), are agreed to be supported for inter system MLB. The mechanism should avoid excessive signaling
Introduce a new mechanism for Inter System Status Request/Response/Update over NG: UL RAN CONFIGURATION TRANSFER and  NG: DL RAN CONFIGURATION TRANSFER, via modification of the Inter-System SON Information IE
Introduce a new mechanism for Inter System Status Request/Response/Update over S1: UL RAN CONFIGURATION TRANSFER and  S1: DL RAN CONFIGURATION TRANSFER, via reuse of the Inter-System SON Configuration Transfer IE
Support periodic inter system load reporting with periodicity not lower than 1000ms and threshold-based load reporting, subject to confirmation from CT
We do not support per slice load information for inter system load balancing in the current release 
Support an explicitly signaled threshold configuration for inter system load information reporting; details are FFS
Agree to CAC encoding as defined in LTE, e.g. in TS36.413, as a starting point. Whether CAC is encoded according to the sender’s rules is FFS
Whether to support the Number of active UEs for inter system load balancing is FFS
Signaling of load information as part of HO messages is not supported in Rel17
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...
In this paper, we discuss the open issues and provide proposals for the same.
2. Discussion
2.1 Threshold mechanism for inter system load balancing
Event Based Reporting and Periodic Reporting (only in case specific conditions are met), are agreed to be supported for inter system MLB
Support periodic inter system load reporting with periodicity not lower than 1000ms and threshold-based load reporting, subject to confirmation from CT
Support an explicitly signaled threshold configuration for inter system load information reporting; details are FFS
Three threshold mechanisms for inter system load balancing were discussed in last meeting:
1. Explicit thresholds - This threshold scheme defines up to two thresholds, where the reporting event is triggered if the load metric goes below a threshold, or above a threshold or if the metric is in between thresholds. where each threshold can be flexibly selected. Number of reporting instances are low (two times e.g. only when load goes above/below threshold)
2. Range-based thresholds – LTE defined a mechanism where the reporting node divides the cell load scale into the indicated number of reporting levels, evenly distributed on a linear scale below the reporting node's threshold for overload. The reporting node sends a report each time the cell load changes from one reporting level to another, and when the cell load enters and exits overload state. Number of reporting instances can be high (depends on number of reporting levels defined, e.g.  10 times if there are 9 reporting levels)
3. Range-based thresholds with starting point - A modification of the LTE threshold mechanism is also proposed, where a subset of the range of values for the reported metric can be selected and where such subset is divided in equal parts by means of thresholds. Number of reporting instances are moderate if appropriate starting point is defined.
Observation 1: It might be important to be aware of the load in gradual steps and not just when load goes above or below a certain threshold
Observation 2: Explicit threshold mechanism allows to set thresholds in a flexible way (i.e. without keeping the rule of equal partitioning of the load metrics values range) but only reports loads a limited amount of times.
Observation 3: Range-based thresholds as used in LTE reports load in gradual steps based on the number of reporting levels configured.
Observation 4: Range-based thresholds with starting point provides a mechanism to not report load below starting point
Observation 5: It might be also useful to allow the mechanism to not report load above a certain threshold to focus only 
Proposal 1: Adopt a range-based threshold mechanism for inter-system load balancing with a low threshold, high threshold and number of linear reporting levels within the two thresholds.

2.2 Additional load metrics support
Adoption of further MLB metrics is FFS
FFS whether to support signaling of the Number of active UEs for inter system load balancing 
FFS whether to support signaling of PRB utilization for inter system load balancing in the current release;
FFS whether to support signaling of the Number of RRC connections for inter system load balancing in the current release;
FFS whether to support signaling of the TNL Available Capacity for inter system load balancing in the current release;
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? 
While CAC is the essential piece of information for inter system MLB, it was discussed that enhancements to the inter system MLB solution may be achieved by means of exchanging PRB usage, number of RRC connections, number of active UEs and it is FFS whether to include additional metrics. 
The inclusion of additional load metrics was discussed in previous meeting and the following concerns were raised:
· Even if PRB concept is valid for both LTE and NR, only a subcarrier spacing of 15 kHz is possible for LTE, which may be not the same as the one used in NR. This means that in general there is no common interpretation of PRB usage between LTE and NR    
· The number of RRC connections can’t be interpreted if the total limit is not known. In light of the RRC Inactive feature, different implementation of RRC available states in LTE and NR provide different views in the two RATs
· The number of active UEs refers to UEs in RRC_CONNECTED state for which there is data available for transmission or reception. This metric requires full knowledge of the resource structure of the sending node, as well as knowledge of the resource utilization. It is difficult to ensure such understanding between E-UTRAN and NG-RAN, hence we prefer to not use this metric for Inter-System MLB purposes.
· The TNL load information is different in LTE and in NR thus causing extra implementation burden; it should instead be included in the Composite Available Capacity
	RRC Connections
The RRC Connections IE indicates the overall status of RRC connections per cell.
	Only supported in NR
The Number of RRC Connections IE indicates the absolute number of UEs in RRC_CONNECTED mode. INTEGER (1..65536,...)
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. 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.

	Number of Active UEs
	Only supported in NR
The Number of Active UEs IE indicates the mean number of active UEs as defined in TS 38.314 [42]. 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.

	Radio Resource Status (PRB utilization)
	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

	TNL Capacity
	NR
The TNL Capacity Indicator IE indicates the offered and available capacity of the Transport Network experienced by the NG RAN cell
DL/UL TNL Offered Capacity - Maximum capacity offered by the transport portion of the cell in kbps
DL/UL TNL Available Capacity - Available capacity over the transport portion serving the cell in percentage. Value 100 corresponds to the offered capacity.
LTE
The S1 TNL Load Indicator IE indicates the status of the S1 Transport Network Load experienced by the cell.
ENUMERATED (LowLoad,MediumLoad, HighLoad, Overload, ...)



Observation 6: EN-DC RESOURCE STATUS UPDATE already supports exchange of load metrics between eNB and en-gNB including NR CAC, number of active UEs, TNL capacity, Radio Resource Status etc.
Observation 7: eNB should also be able to understand load metric reported by gNB if needed without any new enhancements
Proposal 2: PRB utilization and TNL capacity should not be included as load metrics for inter-system load balancing due to different interpretations in LTE and NR.
Observation 8: Number of active UEs is defined as a mean/max and not an exact value, eNB might not be able to use this metric efficiently for inter-system load balancing.
Proposal 3: Number of active UEs and RRC connections is not included as additional load metric for inter-system load balancing due to limited usefulness (metric represented only as mean/max and not exact value)
2.3 CAC encoding
Continue discussions on CAC encoding, which also depend on development of other open issues (e.g. types of information reported)
Adopt signaling of the Composite Available Capacity (Cell Capacity Class value and Capacity Value) for inter system MLB
Agree to CAC encoding as defined in LTE, e.g. in TS36.413, as a starting point. Whether CAC is encoded according to the sender’s rules is FFS
By signaling of the CAC for inter system load balancing, the specifications can achieve description of a working solution

In NR, CAC can be reported both per cell and per SSB whereas in LTE, CAC can be only at cell level.
CAC is already agreed to be supported as a metric for inter-system load balancing. It is now being discussed whether to encode CAC as LTE style or based on sender’s rule.
If CAC is encoded based on sender’s rule, eNB should be able to understand the enhanced CAC information (e.g. SSB CAC load). With the aid of measurement results obtained from UE and SSB CAC load reporting from gNB, eNB might make more precise and efficient decisions for inter-system MLB from E-UTRAN to NR, but eNB might not even understand SSBs and hence can’t take efficient decision as well.
However, as mentioned, this requires eNB to understand gNB load metrics and vice-versa. We would prefer to avoid impacts on LTE and therefore we would like to avoid that LTE needs to understand the new CAC structure supported in NR. We therefore propose to encode CAC based on LTE style
Proposal 4: CAC is encoded in LTE style for simplicity purposes for inter-system load balancing
3. Conclusion
Observation 1: It might be important to be aware of the load in gradual steps and not just when load goes above or below a certain threshold
Observation 2: Explicit threshold mechanism allows to set thresholds in a flexible way (i.e. without keeping the rule of equal partitioning of the load metrics values range) but only reports loads a limited amount of times.
Observation 3: Range-based thresholds as used in LTE reports load in gradual steps based on the number of reporting levels configured.
Observation 4: Range-based thresholds with starting point provides a mechanism to not report load below starting point
Observation 5: It might be also useful to allow the mechanism to not report load above a certain threshold to focus only 
Proposal 1: Adopt a range-based threshold mechanism for inter-system load balancing with a low threshold, high threshold and number of linear reporting levels between the two thresholds.
Observation 6: EN-DC RESOURCE STATUS UPDATE already supports exchange of load metrics between eNB and en-gNB including NR CAC, number of active UEs, TNL capacity, Radio Resource Status etc.
Observation 7: eNB should also be able to understand load metric reported by gNB if needed without any new enhancements
Proposal 2: PRB utilization, TNL capacity and RRC connections should not be included as load metrics for inter-system load balancing due to different interpretations in LTE and NR.
Observation 8: Number of active UEs is defined as a mean/max and not an exact value, eNB might not be able to use this metric efficiently for inter-system load balancing.
Proposal 3: Number of active UEs is not included as additional load metric for inter-system load balancing due to limited usefulness (metric represented only as mean/max and not exact value)
Proposal 4: CAC is encoded in LTE style for simplicity purposes for inter-system load balancing
