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1. Introduction
In RAN3 111-e meeting agenda item 10.2.1.5. Load Balancing Enhancements, the following item are listed to continue discussion [1]:
· SUL capacity: proponents are encouraged to explain how the source can know that SUL capacity can help particular UE.

· Per-beam threshold information: proponents should further explain how it will be used for the mobility setting change procedure (e.g. if the source can configure per-beam HO measurement in the UE).

· Per-slice threshold information: proponents should further explain how it will be useful for the mobility setting change procedure.

· Per-cell information on resource aggregation: further discussion on on pros and cons is needed once more agreeable enhancements are in place.

· Further clarification of the TNL load information is needed, but shall be formulated even more clearly.

· Reporting of the resource utilization or available capacity per BWP should be further justified (especially in reference to the way the initial BWP is used).
This contribution is focused on SUL load discussion.
2. Discussion
In RAN3 109-e and 110-e meetings there have been discussions without consensus on whether there is a need to exchange SUL load/capacity information in addition to exchanging various DL and UL load/capacity metrics over Xn, F1 and E1 interface and whether such exchange is harmful or beneficial for MLB [2], [3], [4].
According to [2], SUL load/capacity information is already supported without reporting SUL separately because the receiver can identify whether the cell is SUL or UL/DL cell by served cell info.
According to [5], Served Cell Information NR IE includes UL NR Frequency Info IE. 
NR Frequency Info IE includes:
· OPTIONAL SUL Information IE

· 1 OR MORE NR Frequency Band Item IE (Primary NR Operating Band)

· 0 OR MORE Supported SUL band List IE (Supplementary NR Operating Band)

Observation 1: Served Cell Information NR IE always include at least one primary NR operating band and may include supplementary NR operating band. In other words, SUL is not included into Served Cell Information NR IE without NUL.
According to [5], Radio Resource Status IE indicates the usage of the PRBs per cell and per SSB area for all traffic in Downlink and Uplink. Radio Resource Status IE includes different load information per SSB Index that is integer (0..63).
Observation 2: Radio Resource Status IE does not allow to extract SUL load. NUL load and SUL load are somehow combined and reported per cell and per SSB area.
Observation 2 is also supported by discussions in RAN3 109-e and 110-e meetings [3], [4].
Discussions in RAN3 109-e and 110-e meetings [3], [4] also mention cases where separate reporting of SUL load/capacity may lead to wrong MLB decisions. 
For example, in potential target cell for HO, SUL load is around 50% and NUL load is around 100%. Source cell observes that SUL has capacity and HO a UE to target cell. But if target cell puts this new UE to NUL, this will cause performance degradation to all UEs in NUL including new UE.
However, in provided example (NUL 100% load and SUL 50% load), combined capacity could be average, that is, 75% and may lead to the same MLB decision. Contrary, if NUL load and SUL load are reported separately, source cell has information that NUL has no available capacity and could consider other potential target cell, where NUL is not fully loaded.
Observation 3: Knowledge of separate values of NUL and SUL load/capacity is more beneficial for MLB decisions than one value, which is obtained by combining NUL and SUL load values in a non-standardized way.
Based on the above observations, the following is proposed.

Proposal 1: Update Xn and F1 specifications to allow for separate reporting of NUL and SUL load/capacity values.
3. Conclusion
Observation 1: Served Cell Information NR IE always include at least one primary NR operating band and may include supplementary NR operating band. In other words, SUL is not included into Served Cell Information NR IE without NUL.
Observation 2: Radio Resource Status IE does not allow to extract SUL load. NUL load and SUL load are somehow combined and reported per cell and per SSB area.

Observation 3: Knowledge of separate values of NUL and SUL load/capacity is more beneficial for MLB decisions than one value, which is obtained by combining NUL and SUL load values in a non-standardized way.

Proposal 1: Update Xn and F1 specifications to allow for separate reporting of NUL and SUL load/capacity values.
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Annex (from [5])
9.2.2.11
Served Cell Information NR

This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	

	NR CGI
	M
	
	9.2.2.7
	
	–
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code
	–
	

	RANAC
	O
	
	RAN Area Code

9.2.2.6
	
	–
	

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs in SIB1 associated to the NR Cell Identity in the NR CGI IE.
	–
	

	>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	CHOICE NR-Mode-Info
	M
	
	
	
	–
	

	>FDD
	
	
	
	
	
	

	>>FDD Info
	
	1
	
	
	–
	

	>>>UL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	
	–
	

	>>>DL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	
	–
	

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	
	–
	

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	
	–
	

	>>>UL Carrier List 
	O
	
	NR Carrier List
9.2.2.63
	If included, the UL Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	>>>DL Carrier List
	O
	
	NR Carrier List
9.2.2.63
	If included, the DL Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	>TDD
	
	
	
	
	
	

	>>TDD Info
	
	1
	
	
	–
	

	>>>Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	
	–
	

	>>>Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	
	–
	

	>>>Intended TDD DL-UL Configuration NR
	O
	
	9.2.2.40
	
	YES
	ignore

	>>>TDD UL-DL Configuration Common NR 
	O
	
	OCTET STRING
	The tdd-UL-DL-ConfigurationCommon as defined in TS 38.331 [10]
	YES
	ignore

	>>>Carrier List 
	O
	
	NR Carrier List
9.2.2.63
	If included, the Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	Measurement Timing Configuration
	M
	
	OCTET STRING
	Contains the MeasurementTimingConfiguration inter-node message for the served cell, as defined in TS 38.331 [10].
	–
	

	Connectivity Support
	M
	
	9.2.2.28
	
	–
	

	Broadcast PLMN Identity Info List NR
	
	0..<maxnoofBPLMNs>
	
	This IE corresponds to the PLMN-IdentityInfoList IE in SIB1 as specified in TS 38.331 [8]. All PLMN Identities and associated information contained in the PLMN-IdentityInfoList IE are included and provided in the same order as broadcast in SIB1.
	YES
	ignore

	>Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs in SIB1 associated to the NR Cell Identity IE.
	–
	

	>>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	>TAC
	M
	
	9.2.2.5
	
	–
	

	>NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	
	–
	

	>RANAC
	O
	
	RAN Area Code

9.2.2.6
	
	–
	

	>Configured TAC Indication
	O
	
	9.2.2.39a
	NOTE: This IE is associated with the TAC in the Broadcast PLMN Identity Info List NR IE
	YES
	ignore

	>NPN Broadcast Information
	O
	
	9.2.2.71
	If this IE is included the content of the Broadcast PLMNs IE in the Broadcast PLMN Identity Info List NR IE is ignored.
	YES
	reject

	Configured TAC Indication
	O
	
	9.2.2.39a
	NOTE: This IE is associated with the TAC on top-level of the Served Cell Information NR IE
	YES
	ignore

	NPN Broadcast Information
	O
	
	9.2.2.71
	If this IE is included the content of the Broadcast PLMNs IE in the top Served Cell Information NR IE is ignored.
	YES
	reject

	SSB Positions In Burst
	O
	
	9.2.2.64
	
	YES
	ignore

	NR Cell PRACH Configuration
	O
	
	OCTET STRING
	Containing 9.3.1.139 NR Cell PRACH Configuration as of TS 38.473 [41].
	YES
	ignore

	CSI-RS Transmission Indication
	O
	
	ENUMERATED (activated, deactivated, ...)
	This IE indicates the CSI-RS transmission status of the given cell.
	YES
	ignore


	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. Value is 12.


9.2.2.19
NR Frequency Info

The NR Frequency Info defines the carrier frequency and bands used in a cell for a given direction (UL or DL) in FDD or for both UL and DL directions in TDD or for SUL carrier.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	NR ARFCN
	M
	
	INTEGER (0.. maxNRARFCN)
	RF Reference Frequency as defined in TS 38.104 [24], section 5.4.2.1. The frequency provided in this IE identifies the absolute frequency position of the reference resource block (Common RB 0) of the carrier. Its lowest subcarrier is also known as Point A.
	–
	

	SUL Information
	O
	
	9.2.2.18
	
	–
	

	NR Frequency Band List
	
	1
	
	
	–
	

	>NR Frequency Band Item
	
	1..<maxnoofNRCellBands>
	
	
	–
	

	>>NR Frequency Band
	M
	
	INTEGER (1.. 1024, ...)
	Primary NR Operating Band as defined in TS 38.104 [24], section 5.4.2.3.

The value 1 corresponds e n1, value 2 corresponds to NR operating band n2, etc.
	–
	

	>>Supported SUL band List
	
	0..<maxnoofNRCellBands>
	
	
	–
	

	>>>Supported SUL band Item
	M
	
	INTEGER (1.. 1024, ...)
	Supplementary NR Operating Band as defined in TS 38.104 [24] section 5.4.2.3 that can be used for SUL duplex mode as per TS 38.101-1 table 5.2-1.

The value 80 corresponds to NR operating band n80, value 81 corresponds to NR operating band n81, etc.
	–
	

	Frequency Shift 7p5khz
	O
	
	ENUMERATED (false, true, ...)
	Indicate whether the value of Δshift is 0kHz or 7.5kHz when calculating FREF,shift as defined in Section 5.4.2.1 of TS 38.104 [24].
	YES
	ignore


	Range bound
	Explanation

	maxNRARFCN
	Maximum value of NRARFCNs. Value is 3279165.

	maxnoofNRCellBands
	Maximum no. of frequency bands supported for a NR cell. Value is 32.


NRFrequencyBandItem ::= SEQUENCE {


nr-frequency-band


NRFrequencyBand,

supported-SUL-Band-List

SupportedSULBandList










OPTIONAL,

iE-Extension



ProtocolExtensionContainer { {NRFrequencyBandItem-ExtIEs} } 
OPTIONAL,


...

}

9.2.2.50
Radio Resource Status

The Radio Resource Status IE indicates the usage of the PRBs per cell and per SSB area for all traffic in Downlink and Uplink and the usage of PDCCH CCEs for Downlink and Uplink scheduling.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CHOICE Radio Resource Status Type
	M
	
	
	
	–
	

	>ng-eNB
	
	
	
	
	–
	

	>>DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL GBR PRB usage
	–
	

	>>UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage
	–
	

	>>DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage
	–
	

	>>UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage
	–
	

	>>DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL Total PRB usage
	–
	

	>>UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL Total PRB usage
	–
	

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

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

	>gNB
	
	
	
	
	–
	

	>>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)
	
	YES
	ignore

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


	Range bound
	Explanation

	maxnoofSSBAreas
	Maximum no. SSB Areas that can be served by a NG-RAN node cell. Value is 64.
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