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1. Introduction
In RAN #86 meeting, the revised WI [1] on enhancement of data collection for SON/MDT in NR and EN-DC was agreed. The objective of WI is listed as following:

	The objective of this work item is to specify data collection enhancement in NR for SON/MDT purpose. The specific objectives of this work are:
· Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [RAN3, RAN2] 


Some enhancement of load balancing is discussed in this paper.
2. Discussion
According to the agreed Xn and F1 BL CR of last meeting [2] [3], the details in Radio Resource Status IE was agreed as follows:
	>>SSB Area Radio Resource Status List
	
	1
	
	

	>>>SSB Area Radio Resource Status Item
	
	1..<maxnoofSSBAreas>
	
	

	>>>>SSB Index
	M
	
	INTEGER (0..63)
	

	>>>>SSB Area DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL GBR PRB usage

	>>>>SSB Area UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL GBR PRB usage

	>>>>SSB Area DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL non-GBR PRB usage

	>>>>SSB Area UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL non-GBR PRB usage

	>>>>SSB Area DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL Total PRB usage

	>>>>SSB Area UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL Total PRB usage

	>>DL scheduling PDCCH CCE usage
	O
	
	INTEGER (0..100)
	

	>>UL scheduling PDCCH CCE usage
	O
	
	INTEGER (0..100)
	


Compared to LTE, SSB granularity resource is introduced in NR MLB. While another NR feature Supplementary Uplink Carrier (SUL) is not considered in MLB yet.

2.1 Concept of SUL
As we all know, the transition power of the gNB is always larger than it of the UE. And it will make the coverage of Downlink is larger than Uplink in NR cell which is shown in Figure 1.
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Figure 1.The coverage of Uplink and Downlink in normal NR cell

Supplementary Uplink Carrier (SUL) is a new feature introduced to NR cell for wider uplink coverage with lower frequency carrier. For example, Figure 2 shows a larger coverage of Uplink with Sub3G (e.g. 1.8 GHZ) than with C-Band (e.g. 4 GHZ). Obviously, the UE with UL or SUL using different frequency which means different resource.
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Figure 2. The coverage of Uplink and Downlink in SUL NR cell
2.2 UL or SUL decision in handover 
During handover, these steps affect a UE accesses the cell via UL or SUL:

1. UE sends measurement reports to Source gNB, e.g. the measurement result is RSRP.

2. Based on these measurement report, the threshold to trigger handover and other factors to select a cell as Target cell.

3. Source gNB sends Hanover Request message including measurement reports to Target gNB.

4. Target gNB decides to accept the UE or not based on the loading or other factors. If gNB accepts the UE, the next decision is to configure SUL or UL RACH resource. As described in TS 38.331, if the RACH configuration is dedicated, the Target gNB should send Handover ACK including UL or SUL RACH configuration. 

ReconfigurationWithSync ::=         SEQUENCE {

    spCellConfigCommon                  ServingCellConfigCommon                                     OPTIONAL,   -- Need M

    newUE-Identity                      RNTI-Value,

    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},

    rach-ConfigDedicated                CHOICE {

        uplink                              RACH-ConfigDedicated,

        supplementaryUplink                 RACH-ConfigDedicated
}       

Figure 3. The dedicated RACH configuration structure in TS 38.331

Since the UE has higher risk of failure in UL RACH than SUL RACH if the RSRP is lower than a threshold, so one of the possible implementation of Target gNB should be as follows:
Table 1. One possible implementation for Target gNB to select SUL or UL RACH configuration
	RSRP
	RACH configuration

	Lower than threshold
	Only SUL

	Higher than threshold
	SUL or UL


As shows in the above table, the rule should be in this way:
If RSPR is lower than the threshold, Target gNB only selects SUL RACH configuration.

If RSRP is higher than the threshold, Target gNB selects SUL or UL RACH configuration.
2.3 SUL associated resource status
Based on the current BL CR, the Radio Resource Status which indicates the usage of the PRBs including Uplink and Downlink. For cell with SUL carrier, UEs with SUL or UL use different radio resource. Without the SUL associated IE, the definition of UL associated IE is not clear for the cell with SUL carrier. 
Proposal 1: RAN3 to declare the meaning of UL resource status, e.g. whether it includes SUL.
In this SSB, a lot of UEs connect to the gNB via UL, while only a few UEs connect to the gNB via SUL. It is common in real production since most people live together in downtown. With the current reporting format, only UL PRB usage will be included in reporting. If the current UL PRB usage presents UL and SUL status, then the usage in current reporting should be about 65%. If the current UL PRB usage only presents UL status, then it should be 90%. In both way, neighbour node could not know the exact status of SUL PRB usage which may lead to some unreasonable handover decision. Here are some cases to show the shortage of the current reporting mechanism:
Table 2. Assumed the current UL resource including SUL resource part

	
	Case 1
	Case 2
	Case 3
	Case 4

	UL PRB usage
	90%
	90%
	40%
	40%

	SUL PRB usage
	40%
	40%
	90%
	90%

	Current reporting
	65%
	65%
	65%
	65%

	RSRP
	high
	low
	high
	low

	Current  potential decision
	Not handover
	Not handover
	Not handover
	Not handover

	Reasonable decision
	Handover(SUL is available)
	Handover(SUL is available)
	Handover(UL is available)
	Not handover


Related to Table 2, Case 1, 2 and 3, Source gNB may select another cell as Target cell when it knows the PRB usage of the cell is already 65% which is obviously unreasonable. For example, in Case 1, the SUL PRB usage is 40% which is suitable to UE to access.
Table 3. Assumed the current UL resource not including SUL resource part

	
	Case 1
	Case 2
	Case 3
	Case 4

	UL PRB usage
	90%
	90%
	40%
	40%

	SUL PRB usage
	40%
	40%
	90%
	90%

	Current reporting
	90%
	90%
	40%
	40%

	RSRP
	high
	low
	high
	low

	Current  potential decision
	Not handover
	Not handover
	Handover
	Handover

	Reasonable decision
	Handover(SUL is available)
	Handover(SUL is available)
	Handover
	Not handover(UL is available, but UE only could use SUL resource)


Related to Table 3, Case 1 and 2, Source gNB may select another cell as Target cell when it knows the PRB usage of the cell is already 90% which is obviously unreasonable. For example, in Case 1, the SUL PRB usage is 40% which is suitable to UE to access. While in Case 4, Source gNB may select this cell as Target cell which is not a smart choice, since probably Target gNB will not accept the UE and send Handover reject based on the measurement report and high UL PRB loading.
What is more, Source gNB should know the threshold to use SUL or UL resource of Target cell. In this way, Source gNB could make handover decision much smarter.
Here is an example for the reason to add SUL associated IE to Radio Resource Status in Xn: 
	
	Actual used status
	Current reporting
	Proposed reporting

	SSB1 Area UL PRB usage
	90%
	65% or 90%
	90%

	SSB1 Area SUL PRB usage
	40%
	-
	40%


Based on the analysed above, we believe add SUL PRB metric is needed. Similarly, the SUL should be added in Composite Available Capacity Group.
Proposal 2: Add SUL associated IE to Radio Resource Status and Composite Available Capacity Group in Xn and F1.
3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals:
Proposal 3: RAN3 to declare the meaning of UL resource status, e.g. whether it includes SUL.

Proposal 4: Add SUL associated IE to Radio Resource Status and Composite Available Capacity Group Xn and F1.
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