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Introduction

In LTE, MLB is an important use case of SON which is achieved by functions of load reporting, load balancing action based on handovers, adapting handover and/or reselection configuration. In NR, the Load Sharing and Load Balancing Optimization (LSLBO) is agreed as one of the prioritized use cases of SON, and it will take the LTE MLB as baseline as common understanding. Therefore, the load reporting is still an pre-requisite function for the LSLBO.  

In this paper, we would like to discuss the cell capacity definition related to wideband carrier for the load reporting function required by the LSLBO.
Discussion

Based on the following agreement in RAN2 LS [1], each individual cell information exchanged over the Xn interface is related to an SSB with RMSI and uniquely identified by different NR CGI. 

RAN2 agreed that different SSBs with RMSI define different individual cells (regardless of whether the same or different PCI is used) characterized by different Cell Global Identifiers (CGIs), which are globally unique. 

However, as illustrated in Fig.1, within a wideband carrier, there can be multiple SSBs that is associated with RMSI, e.g. SSB1 with RMSI1 defines the Cell 1, SSB2 with RMSI2 defines the Cell 2. The Cell 1 and Cell 2 are belonging to the same wideband carrier.


Fig.1 Wideband carrier
A UE served by Cell 1 can use up to the whole frequency resource of the wideband carrier if it has the corresponding capability. Likewise, A UE served by Cell 2 can also use up to the whole frequency resource of the wideband carrier. From this point of view, the capacity of Cell 1 and Cell 2 can be extended up to the capacity of the whole wideband carrier.

Observation 1: there are multiple individual cells (identified by different NR CGI) within a wideband carrier, which are exchanged over the Xn interface.

Observation 2: the capacity of each individual cell within a wideband carrier can be extended up to the capacity of the whole wideband carrier, from UE point of view.

On the other hand, when a UE served by Cell 1 is using a certain radio resource of the wideband carrier, the other UEs in the wideband carrier (no matter served by Cell 1 or Cell 2) may can not use it at the same time. That means as if the Cell 1 and Cell 2 are sharing the whole capacity of the wideband carrier.

Observation 3: the multiple individual cells within a wideband carrier are sharing the whole capacity of the wideband carrier, from UE point of view.

Based on the above observation, in case there are multiple individual cells within a wideband carrier, the cell capacity definition for NR LSLBO would be much different from LTE MLB. How to define the cell capacity in such case needs to be investigated and specified, otherwise will cause inter-vendor issue when implementing the LSLBO in NR. For example, Cell a is provided by vendor A, Cell b is provided by vendor B, assuming that Cell a and Cell b belong to the wideband carrier with the same bandwidth from the wideband carrier point of view. Further assuming that the capacity of wideband carrier is 100, the load of Cell a and Cell b are 30, vendor A calculates the the capacity of Cell a as the whole capacity of wideband carrier, i.e. 100, the available capacity percentage of Cell a = (100-30)/100=70%, vendor B calculates the the capacity of Cell b as the partial capacity of wideband carrier, e.g. 50, the available capacity percentage of Cell b = (50-30)/50=40%, this may trigger the load balancing action (because of different available capacity percentage) but actually may not needed (because of same load). Another assuming that the capacity of wideband carrier is 100, the load of Cell a is 60, the load of Cell b is 30, vendor A calculates the the capacity of Cell a as the whole capacity of wideband carrier, i.e. 100, the available capacity percentage of Cell a = (100-60)/100=40%, vendor B calculates the the capacity of Cell b as the partial capacity of wideband carrier, e.g. 50, the available capacity percentage of Cell b = (50-30)/50=40%, thus may not trigger the load balancing action (because of same available capacity percentage) but actually it is needed (because of different load).   

Proposal 1: in case there are multiple individual cells within a wideband carrier, the cell capacity definition needs to be investigated and specified to avoid possible inter-vendor issue.

The way to define the cell capacity in such case could be, e.g.

Using the whole capacity of the wideband carrier for each individual cell.

Using 1/N capacity of the wideband carrier for each individual cell, when there are N individual cells within a wideband carrier.
Conclusion
We would  like to provide the following observations and proposals about the cell capacity definition related to the wideband carrier for the load reporting function required by the LSLBO: 

Observation 1: there are multiple individual cells (identified by different NR CGI) within a wideband carrier, which are exchanged over the Xn interface.

Observation 2: the capacity of each individual cell within a wideband carrier can be extended up to the capacity of the whole wideband carrier, from UE point of view.

Observation 3: the multiple individual cells within a wideband carrier are sharing the whole capacity of the wideband carrier, from UE point of view.

Proposal 1: in case there are multiple individual cells within a wideband carrier, the cell capacity definition needs to be investigated and specified to avoid possible inter-vendor issue.

The way to define the cell capacity in such case could be, e.g.
Using the whole capacity of the wideband carrier for each individual cell.

Using 1/N capacity of the wideband carrier for each individual cell, when there are N individual cells within a wideband carrier.

The corresponding TP is provided as below. 
TP for TR 37.816
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5.4
Load Sharing and Load Balancing Optimization
5.4.1
Use case description
Editor Note: capture the use cases description and benefits of the use cases
The objective of load sharing and load balancing is to distribute cell load evenly among cells or to transfer part of the traffic from congested cell, or to offload users from one cell or carrier or RAT to achieve network energy saving, This can be done by means of optimization of cell reselection/handover parameters and handover actions. The automation of such optimisation can provide high quality user experience, while simultaneously improving the system capacity and also to minimize human intervention in the network management and optimization tasks.

Compared to LTE, NR new features, e.g. CU/DU split and CP-UP separation architecture, network slicing, and EN-DC/MR-DC should be considered in the load sharing and load balancing optimization in NR. Study on load sharing and balancing across DUs within one gNB is needed (load management over F1), as well as load sharing and balancing across CU-UPs within one gNB (E1 load management). It should be studied whether slicing level metrics e.g. slice level radio resource utilization and slice availability also need to be taken into account for the reselection/handover parameters and handover action optimization. 
Both intra-RAT and inter-RAT load balancing scenarios should be supported. LTE is the baseline, studies for NR will focus on

Definition of the data required the load sharing and load balancing;

Functionalities and actions required to support the load sharing and load balancing, e.g., load reporting architecture, adapting handover and/or reselection configuration
5.4.2 Solution description
Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
Cell capacity definition related to wideband carrier: Using the whole capacity of the wideband carrier for each individual cell belonging to this wideband carrier.
------------------------------------------

End of change

------------------------------------------
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