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Introduction
[bookmark: _Ref178064866]For load balancing and load sharing in NR, as part of the RAN3#105 Chairman Notes [1], it was concluded to: 
· Add RESOURCE STATUS REQUEST/RESPONSE/UPDATE procedures for Xn, X2 (for EN-DC), F1 and E1 interfaces (IEs for each interface are to be discussed separately)
Additionally, the type of load information (CAC, resource utilization etc.) and the load granularity (only per cell, per SSB beam coverage area, per band, and per network slice) has been also extensively discussed offline. As part of the summary of the discussion on per SSB load reporting for load balancing in NG RAN, reported in [2], was captured in the RAN3#105 Chairman Notes [1] to:
· Acknowledge the need of reporting spatial load distribution of cells; a solution is needed; RAN3 will work on a solution. Details on solutions are FFS.
We discussed possible enhancements to the RESOURCE STATUS REPORTING procedure in [3] based on the possibility of introducing load information on a per SSB coverage area granularity [4], [5]. This contribution discusses the need to introduce a Mobility Settings Change procedure for NR to further optimize the distribution of load across cells and possible enhancements based on exploiting information reported by UE on a per SSB beam coverage area granularity.
Discussion
Mobility Settings Change procedure in LTE
The Mobility Settings Change procedure in LTE provides a means to enable load balancing and load sharing by letting peer eNBs controlling neighboring cells negotiate the Handover (HO) Trigger settings, a parameter that defines the threshold at which a cell initializes the handover preparation procedure towards a specific neighbor cell. 
In LTE and NR Rel-15 [6], this procedure is initiated with a MOBILITY CHANGE REQUEST message sent from eNB1 to eNB2. Upon receipt, eNB2 shall evaluate if the proposed eNB2 handover trigger modification may be accepted. If eNB2 is able to successfully complete the request it shall reply with MOBILITY CHANGE ACKNOWLEDGE, as illustrated in Figure 1.


[bookmark: _Ref20387896]Figure 1: Illustration of successful mobility setting change procedure in LTE (cf. Figure 8.3.8.2-1 [6]).
In LTE, the Handover Trigger is a cell specific parameter and the Mobility Parameters Information IE contains the change of the Handover Trigger as compared to its current value, where a positive value of the change means the handover is proposed to take place later.

Introducing Mobility Settings Change procedure in NR
It is our opinion that it would be beneficial to introduce a Mobility Settings Change procedure in NR to enable a gNB to negotiate a handover trigger setting with a peer gNB controlling neighbouring cells. Similar to LTE, the procedure should use non UE-associated signaling.
Proposal 1 Introduce a Mobility Settings Change procedure in NR to enable a gNB to negotiate a handover trigger settings with a peer gNB controlling neighbouring cells.
Taking LTE as baseline to support this procedure, at least two additional IE would need to be introduced in NR:
· a Mobility Parameters Information IE containing the change of the Handover Trigger as compared to its current value, where a positive value of the change means the handover is proposed to take place later (similarly to clause 9.2.48 in [6]).
· a Mobility Parameters Modification Range IE containing the range of Handover Trigger Change values permitted by the gNB2 at the moment the MOBILITY CHANGE FAILURE message is sent (similarly to clause 9.2.49 in [6]).
The basic signaling exchange of the LTE Mobility Settings Change procedure (cf. [1], clause 8.3.8) can be adopted as baseline for introducing a Mobility Settings Change procedure in NR, as showed in Figure 2.
Proposal 2 The basic signaling exchange of the LTE Mobility Settings Change procedure can be adopted as baseline for introducing a Mobility Settings Change procedure in NR.



[bookmark: _Ref473030]Figure 2: Signaling exchange for Mobility Settings Change procedure in NR, successful operation.
The procedure would be initiated with a MOBILITY CHANGE REQUEST message sent from gNB1 to gNB2. Upon receipt, gNB2 shall evaluate if the proposed gNB2 handover trigger modification may be accepted. If gNB2 is able to successfully complete the request it shall reply with MOBILITY CHANGE ACKNOWLEDGE, as illustrated in Figure 2.


[bookmark: _Ref20389662]Figure 3: Signaling exchange for Mobility Settings Change procedure in NR, unsuccessful operation.
If the requested parameter modification is refused by the gNB2, or if the gNB2 is not able to complete the procedure, the gNB2 shall send a MOBILITY CHANGE FAILURE message with the Cause IE set to an appropriate value. The gNB2 may include gNB2 Mobility Parameters Modification Range IE in MOBILITY CHANGE FAILURE message, for example in cases when the proposed change is out of permitted range as in Figure 3.

Enhancements to Mobility Settings Change procedure in NR
Unlike LTE cells, a 3GPP NR cell can be configured to transmit multiple Synchronization Signals and PBCH Blocks (SSB) for the purpose of cell search and synchronization. A burst of up to 64 SSBs signals can be periodically transmitted by a radio cell within a half subframe in different spatial directions (i.e. using different spatial beams, spanning the coverage area of a cell). 
In NR a user equipment (UE) can be configured to measure and report the strength of different SSB signals. Since SSB beams can be transmitted to cover different parts of the cell’s coverage area, and given that, from a UE point of view, measurement reports are based on detection of such SSBs, it is possible to implicitly divide the cell in terms of multiple SSB coverage areas which can implicitly be regarded as mini-cells and for which one can determine parameters such as load, composite capacity, resource status information etc.
As part of the RAN3 solution to characterize, reporting and exploit the spatial load distribution of cells, it could be beneficial to introduce multiple HO Trigger parameters per cell, with each HO Trigger being associated to one part of cell coverage area, as defined, for instance by the coverage area of an SSB or a group of SSBs as exemplified in Figure 4. This example illustrates how the load across cells could be better optimized by utilizing multiple HO triggers per cell. In this example, we consider two HO triggers per cell, each being associated to the coverage area  of a group of two SSB beams (namely, HO trigger-1 is associated to the SSB beams 0-1, and HO trigger-2 is associated to SSB beams 2-3).   
In particular, starting from the load distribution illustrated in Figure 4(a),  Figure 4(b) shows that by using only a single cell-specific HO trigger, one could end up in a situation where some users of cell-1 can be moved to the coverage area of SSB beams 0-1 of cell-2, which have initially low load. However, the overall result is to fully load cell-2, thereby reducing the amount of resources available per user and hence their throughput.
To the contrary, starting from the load distribution illustrated in Figure 4(a),  Figure 4(c) shows that a more balanced configuration of load can be achieved by using two HO triggers, each associated to a pair of SSB beams coverage area. In this case, some users are still moved from cell-1 to cell-2, but at the same time the cells can independently optimize the load in other areas of the cells (namely in the coverage areas of SSB beams 2-3, respectively) so that some UEs are moved from a loaded area of cell-2 to a lightly loaded area of cell-1. This results in a more balanced distribution of load and, consequently, in higher throughput. 
Proposal 3 Consider introducing multiple HO Trigger parameters for NR cells defined per SSB or group of SSBs.
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(a) Initial load distribution in cell-1 and cell-2.
	[image: ]
(b) Load distribution resulting by using a cell-specific HO trigger parameter.
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(c) Load re-distribution resulting by using two HO triggers parameters for pairs of SSB beams.


[bookmark: _Ref20394797]Figure 4: Example of load redistribution based on Mobility Settings Change procedure that exploits multiple HO trigger parameters per cell. Users moved from cell-1 to cell-2 due to a HO trigger change are depicted in light blue, whereas users moved from cell-2 to cell-1 are depicted in light orange.

Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc502931810][bookmark: _Toc502953352][bookmark: _Toc502953538][bookmark: _Toc502953582][bookmark: _Hlk508794470]In this contribution, the following proposals are captured:
Proposal 1 Introduce a Mobility Settings Change procedure in NR to enable a gNB to negotiate a handover trigger settings with a peer gNB controlling neighbouring cells.
Proposal 2 The basic signaling exchange of the LTE Mobility Settings Change procedure can be adopted as baseline for introducing a Mobility Settings Change procedure in NR.
Proposal 3 Consider introducing HO Trigger parameters for NR cells defined per SSB or group of SSBs.
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