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1	Introduction
Load reporting including TNL load was introduced in the stage 3 BL CRs at RAN3#105bis, associated with FFSs for the definition. In this paper we look further at the purpose of TNL load reporting and the available options.
A TP based on BL CR for TS 38.463 [1] is provided in annex of this paper.
2	Discussion
[bookmark: _Hlk23704783]2.1	TNL Load
The TNL load is reported in 4G over X2 based on four codepoints (low, medium, high, overload), and by this reporting the eNBs gets a coarse overview of the TNL load situation toward the backhaul (i.e. S1-U) in neighbour eNBs and it may use this information when selecting the target cell for outgoing handovers, e.g. if different eNBs handle different frequency layers in the given area. 

NG-RAN 3-split architecture introduces additional use cases for TNL load reporting, which will take place on 3 interfaces: Xn, E1 and F1. Among the new use cases we can mention is in particular that the gNB-CU-CP should be enabled to perform load balancing when selecting the gNB-CU-UP for call setup and intra-gNB mobility. 

It should also be taken into account that the NR physical layer potentially provides very high cell throughput as well as an important span of UE throughput, where a single UE may require a significant portion of the available TNL capacity. The gNB-CU-CP should therefore be in capacity to determine whether a given gNB-CU-UP is sufficiently dimensioned to serve a given UE, and hence anticipate on the possible outcome of access control (final access control still happens in the gNB-CU-UP).

Observation: The gNB-CU-CP should be enabled to perform load balancing between gNB-CU-UPs to which it is connected, and should also be enabled to anticipate on the possible outcome of access control for a given UE.

Based on this we deduce that the information needed in the gNB-CU-CP for inter gNB-CU-UP load balancing purposes requires a finer granularity than the 4 codepoints available in LTE. A granularity based on percentage [0..100] seems more suitable.

However, anticipation on the possible outcome of access control for a given UE requires at least some degree of reporting of absolute TNL capacity value. We see the following options to provide this absolute information:
· Option 1: Reporting available TNL capacity value using relative units [0..100], weighed against an operator configured TNL Capacity Class Value in the range [0..100], defined on a linear scale with max value (=100) corresponding to the gNB-CU-UP with the highest capacity in the operator’s network.
· Option 2: Reporting absolute value for available (not used) TNL capacity in [Mbits/s], as well as the nominal (max) TNL capacity of the gNB-CU-UP.
· Option 3: Reporting available (not used) TNL capacity using both absolute units [Mbits/s] and relative units [0..100], where value 100 corresponds to the nominal (max) capacity of the gNB-CU-UP.

Option 1 introduces some configuration burden for the operator, who will need to determine the TNL Capacity Class Value for gNB-CU-UPs with different nominal capacities and most probably coming from different vendors. This drawback is avoided by option 2 and 3. Choosing between these two options, we believe that option 3 most directly suits the described needs in the gNB-CU-CP, where the reported relative value [0..100] can be used for load balancing purposes and the absolute available capacity value can be used for anticipation by the gNB-CU-CP on the possible outcome of access control in the gNB-CU-UP.

Proposal 1: For E1, report available (not used) TNL capacity using both absolute units [Mbits/s] and relative units [0..100], where value 100 corresponds to the nominal (max) capacity of the gNB-CU-UP (option 3).
For simplicity, the same reporting metric for TNL load can be used also on F1, Xn and X2 (from en-gNB to eNB).
Proposal 2: Use the same reporting metric for TNL load also on F1, Xn and X2 (from en-gNB to eNB).
2.2	HW Load
E1 already supports means to indicate a semi-static indication of the gNB-CU HW resources (namely gNB-CU-UP Capacity IE) depicting the relative processing capacity of the gNB-CU-UP with respect to other gNB-CU-UPs for purpose of load balancing among gNB-CU-UPs. The values for this IE (0..255), the setting and its usage is similar to that of AMF Relative Capacity IE in NGAP described in TS 38.413 and TS 23.501. 
[bookmark: _GoBack]However, for Load Balancing and Up/Down Scaling purposes, not only the overall capacity of the node, but also the current HW Load at the gNB-CU-UP should be conveyed. With this information the gNB-CU-CP can take an appropriate action to load balance, such as modify its gNB-CU-UP selection algorithm or up/down-scale certain gNB-CU-UP(s) resources to allow more UEs/bearers. Thus, Hardware Load at the gNB-CU-UP should also be provided in a periodic manner as part of the load reports.
Proposal 3: Hardware Load experienced at gNB-CU-UP shall be included as part of the periodic load reports. 
3	Conclusion
We have made the following observation and proposals:
Observation: The gNB-CU-CP should be enabled to perform load balancing between gNB-CU-UPs to which it is connected, and should also be enabled to anticipate on the possible outcome of access control for a given UE.

Proposal 1: For E1, report available (not used) TNL capacity using both absolute units [Mbits/s] and relative units [0..100], where value 100 corresponds to the nominal (max) capacity of the gNB-CU-UP (option 3).
Proposal 2: Use the same reporting metric for TNL load also on F1, Xn and X2 (from en-gNB to eNB).
Proposal 3: Hardware Load experienced at gNB-CU-UP shall be included as part of the periodic load reports. 
A corresponding TP for BL CR for TS 38.463 is provided in annex of this paper. In this TP we also include changes proposed in [2]. Likewise, corresponding changes regarding TNL for Xn/X2/F1 are provided in [2] [3] [4]
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Annex	- TP for BL CR for TS 38.463
<<< first change >>>
9.2.1.X1	RESOURCE STATUS REQUEST
Editor’s note: The content of this section is FFS
This message is sent by an gNB-CU-CP to gNB-CU-UP to initiate the requested measurement according to the parameters given in the message.
Direction: gNB-CU-CP  gNB-CU-UP.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.53
	
	YES
	reject

	gNB-CU-CP Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU-CP
	YES
	reject

	gNB-CU-UP Measurement ID
	C-ifRegistrationRequestStoporRemoveorAdd
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU-UP
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop, partial stop, add,
…,)
	Type of request for which the resource status is required.
	YES
	reject

	Report Characteristics
	O
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the gNB-CU-UP is requested to report.
First Bit = TNL Available Capacity Ind Periodic,
Second Bit = HW Load Ind Periodic [FFS].
Other bits shall be ignored by the gNB-CU-UP.
	YES
	reject

	Reporting Periodicity
	O
	
	ENUMERATED (500ms, 1000ms, 2000ms, 5000ms, 10000ms, 20000ms, 30000ms, 40000ms, 50000ms, 60000ms, 70000ms, 80000ms, 90000ms, 100000ms, 110000ms, 12000ms,  …)
	Periodicity that can be used for reporting.
	YES
	ignore



	Condition
	Explanation

	ifRegistrationRequestStoporPartialStoporAdd
	This IE shall be present if the Registration Request IE is set to the value “stop”, “partial stop” or “add”.



<<< next change >>>
9.2.1.X4	RESOURCE STATUS UPDATE
Editor’s note: The content of this section is FFS
This message is sent by gNB-CU-UP to gNB-CU-CP to report the results of the requested measurements.
Direction: gNB-CU-UP  gNB-CU-CP.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.53
	
	YES
	reject

	gNB-CU-CP Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU-CP
	YES
	reject

	gNB-CU-UP Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU-UP
	YES
	reject

	>>TNL Available Capacity Indicator
	O
	
	9.3.x.x
	
	
	

	>>HW Load Indicator
[FFS]
	O
	
	9.3.x.x
	
	
	

	Slice Measurement Result 
[FFS]
	
	1
	
	
	YES
	ignore

	>Slice Measurement Result Item
	
	1 .. < maxnoofSliceItems>
	
	
	EACH
	ignore

	>>S-NSSAI
	M
	
	S-NSSAI
9.3.1.38
	
	
	

	>>TNL Available Capacity Indicator
	O
	
	9.3.x.x
	
	
	

	>>HW Load Indicator
[FFS]
	O
	
	9.3.x.x
	
	
	



	Range bound
	Explanation

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024.



<<< next change >>>
[bookmark: _Toc14207847]9.3.1.x1	TNL Available Capacity Indicator
[The definition of TNL Available Capacity Indicator is FFS]
The TNL Available Capacity Indicator IE indicates the status of the Transport Network Layer available capacity at the gNB-CU-UP.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DL TNL LoadRelative Available Capacity
	M
	
	INTEGER(0..100, …)
	Indicates the amount of downlink transport network level available capacity. Value 100 corresponds to the nominal capacity.

	DL TNL Absolute Available Capacity
	M
	
	INTEGER (0.. 16777,...) Max value is FFS
	Available DL capacity in Mbps

	UL TNL LoadRelative Available Capacity
	M
	
	INTEGER(0..100, …)
	Indicates the amount of uplink transport network level available capacity. Value 100 corresponds to the nominal capacity.

	UL TNL Absolute Available Capacity
	M
	
	INTEGER (0.. 16777,...) Max value is FFS
	Available UL capacity in Mbps



9.3.1.x1	HW Load Indicator
[The definition of HW Load is FFS]
The HW Load Indicator IE indicates the status of the Hardware Load experienced by the gNB-CU-UP.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Hardware Load
	M
	
	INTEGER(0..100, …)
	Indicates the amount of hardware resources utilized, and linearly correlated with the relative capacity indicated by gNB-CU-UP Capacity IE







