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Introduction
At the RAN3#106 meeting, RAN3 has agreed to introduce load information on a per SSB granularity basis as well as to add information about the number of RRC connections for NG-RAN mobility load balancing in Rel-16, cf [1] – [4]. Serval aspects, however, have been left FFS and remain to be finalized. These include:
· Radio resource status 
· Hardware load/capacity
· TNL capacity Indicator
· Number of active UEs
In this contribution we share our view on the remaining FFS for mobility load balancing in Rel-16 and motivate the changes suggested in CRs to TS 38.423 [5],  TS 38.473 [6], TS 38.463 [7], TS 36.423 [8].
[bookmark: _Ref178064866]Discussion
Radio resource status
[bookmark: _Hlk20990721]The need for reporting the Radio Resource Status IE for mobility load balancing (MLB) in NG-RAN has been extensively motivated throughout the work item phase in RAN 3. In addition to cell-specific radio resource status information, it has been discussed and showed that if the cell for which Radio Resource Status IE is requested to be reported supports more than one SSB, it would be beneficial for MLB in NG-RAN to report the spatial distribution of the resource utilization. Indeed, a Radio Resource Status representation consisting only of cell wide values may be misleading. To this end, the Radio Resource Status IE for such cell should include the SSB Area Radio Resource Status Item IE for all SSB areas supported by the cell. Therefore, we propose to remove the remaining FFS related to the reporting and definition of the Radio Resource Status Item IE and agree to the proposed CRs to baseline TPs TS 38.423 [5],  TS 38.473 [6], TS 36.423 [8].

Proposal 1 RAN3 to agree to supporting Radio Resource Status information reporting for MLB in NG-RAN and adopt the corresponding CRs to baseline TPs TS 38.423 [5],  TS 38.473 [6], TS 36.423 [8].

Hardware Capacity Indicator
The current version of the baseline TP to TS 38.463 [3] defines the HW Capacity Indicator IE to indicate the offered and available HW capacity, with the offered capacity is defined as the maximum capacity in absolute value (i.e., in kbps) while the available capacity is defined in percentage with respect to the offered capacity. Namely, given that the gNB-CU-UP HW is mostly involved in shifting payload, it is useful and meaningful to represent the gNB-CU-UP HW capacity in Kbps, i.e. this is the capacity to shift n kbps. The HW Capacity Indicator is currently listed also in the TP to TS 38.423 [1], TS 38.473 [2] and 36.423 [4] for Xn, F1 and X2 respectively. 
While the definition of the HW Capacity Indicator is meaningful when associated to the gNB-CU-UP it is of little use to introduce such indicator over the Xn, F1 and X2 interfaces since 
· It is not possible to express the HW capacity of a whole gNB (which is itself made of different nodes) and signal such over the Xn in an interoperable way
· Even if the gNB is non-split it would be impossible to find an interoperable way of representing such capacity (the “low, medium, high” values used in LTE are of no use)
· It is not possible to express the HW capacity of a gNB-DU in an interoperable and useful way that allows a receiving node to understand whether a load balancing action can be taken towards that gNB-DU. 
 
Therefore, we propose to remove the HW capacity Indicator from the BL TP to TS 38.423, TS 38.473 and TS 36.423.
Proposal 2 RAN3 to remove the HW Capacity Indicator from the BL TP to TS 38.423, TS 38.473 and 36.423 as specified in the corresponding CRs [5]-[6] and [8].

TNL Capacity Indicator
The current version of the baseline TP to TS 48.423, 38.473 and 38.463 introduce the TNL Available Capacity Indicator IE to indicate the offered and the available capacity of the transport network over Xn, F1 and E1, respectively. The offered capacity is defined as the maximum capacity of the transport network in absolute value (i.e., in kbps) while the available capacity is defined in percentage with respect to the offered capacity. 
While we believe that this way of representing the offered and available TNL capacity has extensively been discussed in RAN3 and should be agreed, a few clarifications in the definitions of the offered and available capacity exchanged over each interface may still be required.
Proposal 3 RAN3 to agree with the current way to represent the TNL offered capacity in absolute value and the TNL available capacity in percentage with respect to the TNL offered capacity.
Proposal 4 RAN 3 to clarify the definition of the TNL offered capacity and TNL available capacity exchanged over Xn, F1.

TNL capacity indicator over Xn and F1
The current version of the BL TP to 38.423 [1] states over the Xn interface, “the NG TNL Capacity Indicator IE indicates the offered and available capacity of the NG Transport Network:” 

Additionally, it remains FFS whether the TNL capacity indicator could be signalled on a per cell granularity over the Xn interface.
The understanding from the above description is that a source and a target gNB would exchange information related to the capacity of the transport network carrying the NG-U interface. One first aspect to be clarified is whether the NG-U TNL capacity is the correct information to be exchanged over Xn. In particular, it seems reasonable that the NG-U interface would typically be overprovisioned, so it is unlikely that information about the NG-U TNL capacity of the target gNB will be useful for the source gNB. If a congestion occurs in the transport network towards a DU, it is more likely to occur on the portion of the transport network used by the F1-U interface. Secondly, indicating the NG-U TNL on a per cell basis would result in indication the same value for all cells.
Observation 1 [bookmark: _Hlk32527207]The NG TNL capacity may not be informative about the TNL congestion state for a gNB and cannot be defined on a per-cell basis.
A more meaningful information to be exchanged between the source and the target gNBs over the Xn interface would therefore be the F1-U transport capacity (hereafter referred as to F1-U TNL capacity), which provides a measure of the load of the transport network carrying the U-plane information towards the DU of a gNB. Unlike the NG TNL capacity, the F1-U TNL capacity could be indicated on a per cell basis although, depending on the DU implementation, the F1-U TNL capacity could be the same for all cells associated to a specific DU. 
Observation 2 The F1-U capacity provides a better measure of the load of the transport network carrying the U-plane information towards the DU and can be reported on a per cell basis.
Therefore, we recommend to update the definition of the TNL Capacity indicator over Xn in the BL TP to 38.423 [1] by decoupling from the NG interface and to agree to report TNL Capacity indicator over Xn on a  per-cell basis as follows:

9.2.2.xx	NG TNL Capacity Indicator
The NG TNL Capacity Indicator IE indicates the offered and available capacity of the NG Transport Network for a given serving cell 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DL NGTNL Offered Capacity
	M
	
	INTEGER (1.. 16777216,...)
	Maximum capacity offered by the transport portion of the NG-gNB for a given serving cell in kbps

	DL NGTNL Available Capacity
	M
	
	INTEGER (1.. 100,...)
	Available capacity over the transport portion of the NG-gNB for a given serving cell in percentage. Value 100 corresponds to the offered capacity.

	UL NGTNL Offered Capacity
	M
	
	INTEGER (1.. 16777216,...)
	Maximum capacity offered by the transport portion of the NG-gNB for a given serving cell in kbps

	UL NGTNL Available Capacity
	M
	
	INTEGER (1.. 100,...)
	Available capacity over the transport portion of the NG-gNB for a given serving cell in percentage. Value 100 corresponds to the offered capacity.




Proposal 5 RAN3 to update the definition of the TNL Capacity Indicator over Xn in the BL TP to 38.423 by removing the reference to “NG” and agreeing the per-cell granularity as in the CR [5].  

Similarly, it is our view that RAN3 should update the definition of the TNL Capacity indicator over F1 in the BL TP to 38.473 [2] by clarifying that the Offered Capacity IE refer to the UP capacity offered by the transport portion of the gNB-DU – gNB-CU in kbps. Additionally, it is our opinion that it would be of little use to report the TNL Capacity indicator over F1 on a per cell basis as follows:

[bookmark: _Toc14207847]9.3.1.x1	TNL Capacity Load Indicator
The TNL Capacity Load Indicator IE indicates the offered and available capacity user plane (UP) of the Transport Network.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DL TNL Offered Capacity
	M
	
	INTEGER (1.. 16777216,...)
	Maximum UP capacity offered by the transport portion of the gNB-DU – gNB-CU in kbps

	DL TNL Available Capacity
	M
	
	INTEGER (1.. 100,...)
	Available UP capacity over the transport portion of the gNB-DU – gNB-CUserving the cell in percentage. Value 100 corresponds to the offered capacity

	UL TNL Offered Capacity
	M
	
	INTEGER (1.. 16777216,...)
	Maximum UP capacity offered by the transport portion of the of the gNB-DU – gNB-CU in kbps

	UL TNL Available Capacity
	M
	
	INTEGER (1.. 100,...)
	Available UP capacity over the transport portion of the gNB-DU – gNB-CUserving the cell in percentage. Value 100 corresponds to the offered capacity




Proposal 6 RAN3 to update the definition of the TNL Capacity Indicator over F1 in the BL TP to 38.427 by clarifying that it refers to user-plane removing the per cell granularity as in the CR [6].


Number of active UEs
An additional metric that has been extensively discussed in RAN3 to become part of the load information for MLB in NG RAN is the number of active UEs per cell. The current proposal is to introduce the number of active UEs as an integer number, i.e., INTEGER (1..65536,...). However, RAN3 should consider the ongoing RAN2 discussion about the definition of the number of active UEs and its representation. 
The current definition of number of active UE considered in RAN2 is like the one used in LTE. 
	Definition
	Mean number of Active UEs in the UL per DRB per cell. This measurement refers to UEs for which there is buffered data for the UL for DRBs. The measurement is done separately per DRB.
Detailed Definition: 
where
explanations can be found in the table 4.1.1.3.3-1 below.



The key part of the measurement definition here is the ‘flooring’ operation. This is introduced so that the mean number of active UEs can be defined as an integer.
In our companion RAN2 contribution [9], however, we argue that the flooring operation for the mean number of active UEs can result in ‘zeroing’ the information in low load scenario, which has a negative effect on the application of such metric for MLB purposes. Namely, there are many scenarios in which the active number of UEs is between 0 and 1 and for most of these cases, the current RAN2 definition of Active UEs would return a “zero” value.
Therefore, the zeroing of the measurement can be avoided by introducing the possibility of providing the decimal values in representing the mean number of active UEs. This is just a matter of representing the values by using the REAL format or by using the BIT STRING (SIZE()) format wherein each value is the number of active UEs divided by 10 (divide by 10 will allow a granularity of 0.1). Using BIT STRING (SIZE()) with a SIZE of 24 bits allows for the exchange of mean number of active UEs in the range of (0, 0.1, 0.2, … 1677721.5‬) UEs or using BIT STRING (SIZE()) with a SIZE of 16 bits allow for the exchange of average number of active UEs in the range of (0, 0.1, 0.2, … 6553.5‬).
Therefore, while we see a benefit in introducing the number of active UE as a metric for MLB in NG-RAN, we recommend that RAN3 adopts a definition of the number of active UEs in decimal format. 
Proposal 7 RAN3 to agree to introduce the number of active UEs as a new metric for MLB in NG-RAN as in the CRs to baseline TPs to TS 38.423 [5], TS 38.473 [6], and TS 36.423 [8].
Proposal 8 RAN3 to adopt a definition of number of active UE in decimal format.
Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk508794470]In this contribution, the following observations are captured:
Observation 1 The NG TNL capacity may not be informative about the TNL congestion state for a gNB and cannot be defined on a per-cell basis.
Observation 2 The F1-U provides a better measure of the load of the transport network carrying the U-plane information towards the DU and can be reported on a per cell basis.

In this contribution, the following proposals are captured:
Proposal 1 RAN3 to agree to supporting Radio Resource Status information reporting for MLB in NG-RAN and adopt the corresponding CRs to baseline TPs TS 38.423 [5],  TS 38.473 [6], TS 36.423 [8].
Proposal 2 RAN3 to remove the HW Capacity Indicator from the BL TP to TS 38.423, TS 38.473 and 36.423 as specified in the corresponding CRs [5]-[6] and [8].
Proposal 3 RAN3 to agree with the current way to represent the TNL offered capacity in absolute value and the TNL available capacity in percentage with respect to the TNL offered capacity.
Proposal 4 RAN 3 to clarify the definition of the TNL offered capacity and TNL available capacity exchanged over Xn, F1.
Proposal 5 RAN3 to update the definition of the TNL Capacity Indicator over Xn in the BL TP to 38.423 by removing the reference to “NG” and agreeing the per-cell granularity as in the CR [5].
Proposal 6 RAN3 to update the definition of the TNL Capacity Indicator over F1 in the BL TP to 38.427 by clarifying that it refers to user-plane removing the per cell granularity as in the CR [6].
Proposal 7 RAN3 to agree to introduce the number of active UEs as a new metric for MLB in NG-RAN as in the CRs to baseline TPs to TS 38.423 [5], TS 38.473 [6], and TS 36.423 [8].
Proposal 8 RAN3 to adopt a definition of number of active UE in decimal format.
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