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1
Introduction
In RAN3#99 and RAN3#100, there was some discussion in Load management [1] and [2] but no conclusion. Several meetings have already passed after the official announcement for completion of NSA regardless of any solution on this.

This contribution discusses and proposes way forward on the load management for NSA (i.e. F1 and X2)  
2
Discussion
2.1 Use case
There is following clear use cases for load management. (Note that following is a little bit revised from [1].) 

2.1.1 Use case of periodic information
Following figure illustrates the overall procedure for configuring EN-DC. If the eNB wants to configure EN-DC, it will configure the UEs with NR measurements (via RRC Measurement Configuration). And when the respective NR measurement is received from the UE (via RRC Measurement Report), eNB will select gNB having proper NR cell and initiate the SgNB Addition procedure. During the SgNB Addition procedure, gNB-CU will select proper NR cell and initiate UE context setup. During this overall procedure, there are three key RRM decisions to achieve good load balancing, which will help to ensure that the UE experiences higher throughput. 
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Figure 1. Overall procedure for configuring EN-DC

2.1.1.1 Selection of NR carrier for measurement @eNB
UE’s NR measurements will be the basis of selecting the NR cell to configure to the UE for EN-DC.

- eNB will select the gNB to send the SgNB Addition Request based on UE’s NR measurement, and;

- gNB-CU will select the NR cell to configure to the UE taking into account UE’s NR measurement (received via eNB), along other information (e.g. cell load).

But when there are several NR carriers, configuring the UE to measure all of the NR carrier may not be possible due to the UE’s measurement capability. In such a case, it is desirable for the eNB to have knowledge of the load of NR carriers, and to configure the less loaded NR carrier(s) as UE’s measurement object(s), since NR cells from the less loaded NR carrier is likely to provide higher throughputs. Thus, info reporting from gNB to provide knowledge to eNB about the load of NR carriers (exact contents FFS) should be supported over X2. Furthermore, for the gNB using F1 interface, if the info reporting from gNB to provide knowledge to eNB about the load of NR carriers require info reporting from gNB-DU to gNB-CU (exact contents FFS), this should be supported over F1. And, this information should be reported periodically as eNB needs to know it before configuring measurement objet(s).
Use case 1: To provide the knowledge of the load of NR carriers to eNB in order to configure the less loaded NR carrier(s) as UE’s measurement object(s) ( since NR cells from the less loaded NR carrier is likely to provide higher throughputs.)

2.1.1.2 Selection of NR cell for SCG addition/change @eNB/gNB-CU
When the eNB/gNB-CU selects the NR cells to configure to the UE, it is desirable for the eNB/gNB-CU to have knowledge of the load of NR cells (in addition to the UE’s NR measurement), since it will impact the throughput which can be provided to the UE. Thus, info reporting from gNB/gNB-DU to provide knowledge to eNB/gNB-CU about the load of NR cells (exact contents FFS) should be supported over F1. And, this information should be reported periodically as eNB/gNB-CU needs to know it before sending gNB addition req./UE context setup req. to avoid delay of signalling.
Use case 2: To provide the knowledge of the load of NR cells to eNB/gNB-CU in order to configure possible cell(s) achieving higher throughput (since it will impact the throughput which can be provided to the UE).
2.1.2 Use case of event-triggered information
It would be beneficial for eNB/gNB-CU to acquire overload status of gNB/gNB-DU event-triggered. 

For example, from signalling point of view, on X2, if a gNB receives many X2 AP signalling (e.g. gNB addition req.) in a short period (from same or different eNB), the gNB may not be able to handle them. Then, related eNBs should avoid sending further X2 AP signalling to the  overloaded  gNB. And, same situation would also happen to F1. On F1, if a gNB-DU  is receives many F1 AP signalling (e.g. UE context setup req.) in a short period, the gNB-DU may not be able to handle them. Then, gNB-CU should avoid sending further F1 AP signalling to the  overloaded  gNB-DU.

And, it would be also useful for cell resource overload; the same issue would happen.
That is because eNB/gNB or gNB-CU/gNB-DU can be provided from different vendors; their assumption of maximum capability would be different each other. 

To achieve that, it is necessary for gNB/gNB-DU to indicate overloaded to the eNB/gNB-CU. (Without such indication, eNB/gNB-CU may retry to connect same gNB/gNB-DU; it implies the load for the overloaded nodes cannot be relieved.)
Following figure illustrates how to avoid further request to the overloaded node by event-triggered information.
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Figure 2. Overall procedure for configuring EN-DC when a node is overloaded
Use case 3: To provide the knowledge of whether gNB/gNB-DU is overloaded or not to eNB/gNB-CU (since it will avoid further request to the overloaded node.)

Thus, in summary, there are following three use cases for NSA load management.

Observation 1: There is following three use cases of Load management for NSA.

Use case 1: To provide the knowledge of the load of NR carriers to eNB in order to configure the less loaded NR carrier(s) as UE’s measurement object(s) ( since NR cells from the less loaded NR carrier is likely to provide higher throughputs.)

Use case 2: To provide the knowledge of the load of NR cells to eNB/gNB-CU in order to configure possible cell(s) achieving higher throughput (since it will impact the throughput which can be provided to the UE).

Use case 3: To provide the knowledge of whether gNB/gNB-DU is AP signalling overloaded or not to eNB/gNB-CU (since it will avoid further request to the overloaded node.)

And, based on above, required load management would be  two functions i.e. periodic reporting for load balancing (Use case 1&2) and event triggered reporting for avoiding further request to the overloaded node (Use case 3)

Observation 2: Required load management for NSA would be two functions; (1) periodic reporting for load balancing (2) event triggered reporting for avoiding further request to the overloaded node
2.2 Urgency of Load management function
2.1.1 Operators will use Load management from Day1

As discussed in [2], these two functions are necessary from Day 1.

Load balancing:

(1) Operator may acquire wider frequency range than LTE. 
(2) Because of current technology limitation of RF circuit, it would be covered several carriers (e.g. one carrier covers the lower part of the allocated frequency range, the other carrier covers the upper part of the allocated frequency range.).

(3) These carriers would cover same coverage (i.e. same or similar radio quality) if the antennas are common or located nearby.
(4) eNB/gNB-CU should select the less loaded carriers as radio quality is same or similar.

Note that there was a comment that eNB should select gNB just based on radio link quality as (1) it maximize the throughput and (2) overlayed cells (i.e. UE can have same radio quality for those cells.) would be covered by same gNB.
Firstly, it would be usual that overlayed cells are operated by several gNBs to avoid service interruption by the fault of a gNB; if a gNB covers all overlayed cells, service would be completely stopped when the gNB is broken.  Secondly, selecting just based on radio quality doesn’t mean maximizing the throughput. If there are two cells where a cell is a little better radio link quality but much more loaded, the throughput of the cell may be lower than the one of the other cell. So, eNB needs to estimate achievable throughput of each cell considering not only radio link quality but also load information when selecting gNB
Observation 3: Load balancing function seems to be used from Day1

Avoiding signalling for overloaded node

As mentioned in section 2.1.2, without such indication, eNB/gNB-CU may retry to connect same gNB/gNB-DU; it implies the  situation for the overloaded nodes cannot be relieved. So, it seems to be essential function to achieve normal operation.

Observation 4: Avoiding  further request to the overloaded node is essential function for normal operation.
2.1.2 Possible future if RAN3 doesn’t define now
As mentioned in previous section, NSA would require some load management function. Then, let’s consider about the future if RAN3 doesn’t specify anything now.

If RAN3 doesn’t specify anything now, each vendor would create their own reporting mechanism and function (as this function itself is necessary). It makes difficult for operators to coordinate between different vendors. However, if RAN3 specify something Rel-15, it would be baseline for those; even if some modification to achieve inter-vendor connection would be required, the required effort would be very much less than nothing. And, sooner is better as vendors need to consider their implementation after they delivered EN-DC solution; it would be more difficult to agree anything in RAN3. So, in other words, RAN3 is standing at the edge whether we can have something for EN-DC in the future.

Observation 5: Load management should be defined as soon as possible because any solution may not be defined in later stage; each vendor will have their own implementation.
Note that unified indication is very beneficial for operators to coordinate/compare the load in multi-vendor operation.  However, even if such unified indication cannot be defined in RAN3, defining mechanism to report some load information would be worth to do. For example, definition of Capacity Value in Composite Available Capacity (X2) is very ambiguous. Then, operator may need to coordinate for inter-vendor operation just for the definition. 
2.4 Possible way forward

In RAN3#100, there was a comment that some vendor would consider how to address the issue and use case. However, as mentioned in section 2.1.2, sooner is better to agree any solution; it would be more difficult to agree any solution in latter meetings.

Thus, following proposal is obtained.
Proposal: RAN3  to provide solution(s) on required load management for NSA( (1) periodic reporting for load balancing (2) event triggered reporting for avoiding further request to the overloaded node) over F1 and X2 in Rel-15
3
Conclusion

This contribution discussed the use case of load management for NSA (i.e. Architecture Option 3). Following observations and proposal were obtained.

Observation 1: There is following three use cases of Load management for NSA.

Use case 1: To provide the knowledge of the load of NR carriers to eNB in order to configure the less loaded NR carrier(s) as UE’s measurement object(s) ( since NR cells from the less loaded NR carrier is likely to provide higher throughputs.)

Use case 2: To provide the knowledge of the load of NR cells to eNB/gNB-CU in order to configure possible cell(s) achieving higher throughput (since it will impact the throughput which can be provided to the UE).

Use case 3: To provide the knowledge of whether gNB/gNB-DU is overloaded or not to eNB/gNB-CU (since it will avoid further request to the overloaded node.)

Observation 2: Required load management for NSA would be two functions; (1) periodic reporting for load balancing (2) event triggered reporting for avoiding further request to the overloaded node.

Observation 3: Load balancing function seems to be used from Day1

Observation 4: Avoiding  further request to the overloaded node is essential function for normal operation.
Observation 5: Load management should be defined as soon as possible because any solution may not be defined in later stage; each vendor will have their own implementation.
Proposal: RAN3 to provide solution(s) on required load management for NSA( (1) periodic reporting for load balancing (2) event triggered reporting for avoiding further request to the overloaded node) over F1 and X2 in Rel-15
And, corresponding solution is provided in separate contribution [3].
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