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1. Introduction
During RAN3 #110-e meeting, there was some discussion on whether two new types of load metrics can be introduced: a new load metric for exchanging potential EN-DC PSCell load between eNBs, and a new load metric to indicate SUL load. We found that the two new types proposed are similar for some aspect. In this document we provide our understanding on why they can be beneficial.
2. Discussion
Please consider the following scenario:
In one area, there were three E-UTRA cells at first: E-Cell #1, E-Cell #2 and E-Cell #3. These three E-UTRA cells belonged to three different eNBs: eNB 1, eNB 2 and eNB 3, respectively. These three eNBs are connected with any another with X2 interfaces.
And one day, the operator decided to enhance the network to support EN-DC. They deployed three en-gNBs: en-gNB 1, en-gNB 2 and en-gNB 3, each of which collocates with the corresponding eNB, and has only one X2 interface with the corresponding eNB. Each en-gNB controls some NR cells, including NR Cell #1, NR Cell #2 and NR Cell #3, each of which belongs to the corresponding en-gNB.
This EN-DC network is quite welcome by the consumers, and often works in full capacity. And then the operator wishes to introduce some MLB mechanism in order for a better efficiency.
But according to the current specification, one eNB can only get aware of the load status of the cells controlled by any RAN node which has a direct X2 connection with itself. E.g., eNB 1 is only aware of the load status of E-Cell #1, E-Cell #2, E-Cell #3 and NR Cell #1; it is unaware of the load status of NR Cell #2 or NR Cell #3.
Considering NR Cell tends to have a much higher capacity than E-UTRA cells, lacking of such information means that MLB is often impossible to work as supposed.
For example, one UE is receiving some service that is only suitable in NR, and is serviced by the E-Cell #1/NR Cell #1 but on the border between E-Cell #1/NR Cell #1 and E-Cell #2/NR Cell #2.
Now E-Cell #1/NR Cell #1 is experiencing a high load and eNB 1 wishes to offload it toward E-Cell #2/NR Cell #2. But eNB 1, according to the current specification, does not know the load status of NR Cell #2. It only observes that E-Cell #2 is now in medium load and triggers a handover for MLB. But NR Cell #2 may be experiencing an extremely high load at present. Such handover will clearly contradict the purpose of MLB.
During the meeting RAN3 #110e meeting, it was ever proposed that the legacy E-UTRA load metrics can be defined as taken the load status of potential MR-DC PSCell into account. However we find this solution will severely impact the legacy LTE MLB mechanism. Please consider the following scenarios:
	Load of E-Cell #2 with capacity = 10
	Load of NR Cell #2 with capacity = 100
	Ideal target of MLB for legacy LTE UE with required capacity = 2
	Ideal target of MLB for EN-DC UE with required capacity = 20

	Low, 2 used, 8 free
	Low, 20 used, 80 free
	Yes (8 > 2)
	Yes (8 + 80 = 88 > 20)

	Low, 2 used, 8 free
	High, 90 used, 10 free
	Yes (8 > 2)
	No (8 + 10 = 18 < 20)

	High, 9 used, 1 free
	Low, 20 used, 80 free
	No (1 < 2)
	Yes (1 + 80 = 81 > 20)

	High, 9 used, 1 free
	High, 90 used, 10 free
	No (1 < 2)
	No (1 + 10 = 11 < 20)


It can be seen that there are some scenarios that the E-UTRA cell is suitable for legacy LTE UE but not suitable for EN-DC capable UE, while there are also some scenarios that it is suitable for EN-DC capable UE but not suitable for legacy UE. Only one load metric is obviously not enough to represent such two-dimentional load status.
Observation 1: One load metric is not enough to represent both the dimention of whether an E-UTRA cell is a suitable target for MLB-oriented handover of legacy LTE UEs and the dimention of whether it is a suitable target for MLB-oriented handover of EN-DC capable UEs.
Therefore, we proposed that one eNB working in EN-DC should also be possible to get aware of the load information of potential target PSCell from other eNBs.
Proposal 1: One eNB working in EN-DC should also be possible to get aware of the load information of potential target PSCell from other eNBs.
Nevertheless, we acknowledge the concern that such metric has too much impact on specification and/or network behaviour, and may exaggerate message size. A more “composite” solution, such as adding a metric of “composite EN-DC load information” for every E-UTRA cell instead of potential target EN-DC PSCell, is also acceptable for us.
The case on SUL load is similar. SUL bands tend to have wider coverage and thus accessible for more UEs than NUL, but tend to have less radio resources, just like legacy E-UTRA cells tend to be accessible for more UEs than NSA NR cells, but tend to have less radio resources:
	Load of SUL with capacity = 10
	Load of NUL with capacity = 100
	Ideal target of MLB for UEs located at coverage edge (typical case for MLB between homogeneous cells) with required capacity = 2
	Ideal target of MLB for UEs located well within the coverage (typical case for MLB between multiple coverage layers) with required capacity = 20

	Low, 2 used, 8 free
	Low, 20 used, 80 free
	Yes (8 > 2)
	Yes (8 + 80 = 88 > 20)

	Low, 2 used, 8 free
	High, 90 used, 10 free
	Yes (8 > 2)
	No (8 + 10 = 18 < 20)

	High, 9 used, 1 free
	Low, 20 used, 80 free
	No (1 < 2)
	Yes (1 + 80 = 81 > 20)

	High, 9 used, 1 free
	High, 90 used, 10 free
	No (1 < 2)
	No (1 + 10 = 11 < 20)


Proposal 2: Load of SUL should also be possible to exchange between RAN entities.
3. Conclusion
Observation 1: One load metric is not enough to represent both the dimention of whether an E-UTRA cell is a suitable target for MLB-oriented handover of legacy LTE UEs and the dimention of whether it is a suitable target for MLB-oriented handover of EN-DC capable UEs.
Proposal 1: One eNB working in EN-DC should also be possible to get aware of the load information of potential target PSCell from other eNBs.
Proposal 2: Load of SUL should also be possible to exchange between RAN entities.
We provide one TP accordingly as below coveraging the two proposals above, and two separate TPs for Proposal 2 [1–2].
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This procedure is used by an eNB to request the reporting of load measurements to another eNB.
The procedure uses non UE-associated signalling.
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Figure 8.3.6.2-1: Resource Status Reporting Initiation, successful operation
The procedure is initiated with a RESOURCE STATUS REQUEST message sent from eNB1 to eNB2. Upon receipt, eNB2:
-	shall initiate the requested measurement according to the parameters given in the request in case the Registration Request IE set to "start"; or
-	shall stop all cells measurements and terminate the reporting in case the Registration Request IE is set to "stop"; or
-	if supported, stop cell measurements and terminate the reporting for cells indicated in the Cell To Report IE list, in case the Registration Request IE is set to "partial stop"; or
-	if supported, add cells indicated in the Cell To Report IE list to the measurements initiated before for the given measurement IDs, in case the Registration Request IE is set to "add".
If the eNB2 received a RESOURCE STATUS REQUEST message, which includes the Registration Request IE set to "stop", the Cell To Report IE list shall be ignored.
If the Registration Request IE is set to "start" then the Report Characteristics IE shall be included in RESOURCE STATUS REQUEST message. The eNB2 shall ignore the Report Characteristics IE, if the Registration Request IE is not set to "start".
The Report Characteristics IE indicates the type of objects eNB2 shall perform measurements on. For each cell, the eNB2 shall include in the RESOURCE STATUS UPDATE message:
-	the Radio Resource Status IE, if the first bit, "PRB Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
-	the S1 TNL Load Indicator IE, if the second bit, "TNL Load Ind Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
-	the Hardware Load Indicator IE, if the third bit, "HW Load Ind Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
-	the Composite Available Capacity Group IE, if the fourth bit, "Composite Available Capacity Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1. If Cell Capacity Class Value IE is included within the Composite Available Capacity Group IE, this IE is used to assign weights to the available capacity indicated in the Capacity Value IE;
-	the ABS Status IE, if the fifth bit, "ABS Status Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1 and eNB1 had indicated the ABS pattern to eNB2;
-	the RSRP Measurement Report List IE, if the sixth bit, "RSRP Measurement Report Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
-	the CSI Report IE, if the seventh bit, "CSI Report Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
-	the Radio Resource Status IE within the NR Neithbour Cell Measurement Result IE, if the eighth bit, "Neighbour Cell Load Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1.
NOTE:	In order to avoid duplication, the eNB2 may include only one copy of NR Neithbour Cell Measurement Result Item per RESOURCE STATUS UPDATE messages per NR neighbour cell, even if this NR cell neighbours to multiple E-UTRA cell served by eNB2. The eNB1 should deduce which NR cell is capable of performing EN-DC with the corresponding served E-UTRA cell by using the NR Neighbour Information IE received during the X2 Setup procedure or the eNB Configuration Update procedure.
If the Reporting Periodicity IE is included in the RESOURCE STATUS REQUEST message, eNB2 shall use its value as the time interval between two subsequent RESOURCE STATUS UPDATE messages that include the Radio Resource Status IE, S1 TNL Load Indicator IE, Hardware Load Indicator IE, Composite Available Capacity Group IE, or ABS Status IE.
If the Reporting Periodicity of RSRP Measurement Report IE is included in the RESOURCE STATUS REQUEST message, eNB2 shall use its value as the minimum time interval between two subsequent RESOURCE STATUS UPDATE messages that include the RSRP Measurement Report List IE.
If the Reporting Periodicity of CSI Report IE is included in the RESOURCE STATUS REQUEST message, eNB2 shall use its value as the minimum time interval between two subsequent RESOURCE STATUS UPDATE messages that include the CSI Report IE.
If eNB2 is capable to provide all requested resource status information, it shall initiate the measurement as requested by eNB1, and respond with the RESOURCE STATUS RESPONSE message.
If eNB2 is capable to provide some but not all of the requested resource status information and the Partial Success Indicator IE is present in the RESOURCE STATUS REQUEST message, it shall initiate the measurement for the admitted measurement objects and include the Measurement Initiation Result IE in the RESOURCE STATUS RESPONSE message.
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9.1.2.11	RESOURCE STATUS REQUEST
This message is sent by an eNB1 to neighbouring eNB2 to initiate the requested measurement according to the parameters given in the message.
Direction: eNB1  eNB2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	C-ifRegistrationRequestStoporPartialStoporAdd
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	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 eNB2 is requested to report.
First Bit = PRB Periodic,
Second Bit = TNL load Ind Periodic,
Third Bit = HW Load Ind Periodic,
Fourth Bit = Composite Available Capacity Periodic, this bit should be set to 1 if at least one of the First, Second or Third bits is set to 1,
Fifth Bit = ABS Status Periodic,
Sixth Bit = RSRP Measurement Report Periodic,
Seventh Bit = CSI Report Periodic, Eighth Bit = Neighbour Cell Load Periodic.
Other bits shall be ignored by the eNB2.
	YES
	reject

	Cell To Report
	
	1
	
	Cell ID list to which the request applies.
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI
9.2.14
	
	–
	

	Reporting Periodicity
	O
	
	ENUMERATED(1000ms, 2000ms, 5000ms,10000ms, …)
	Periodicity that can be used for reporting of PRB Periodic, TNL Load Ind Periodic, HW Load Ind Periodic, Composite Available Capacity Periodic or ABS Status Periodic.
	YES
	ignore

	Partial Success Indicator
	O
	
	ENUMERATED(partial success allowed, ...)
	Included if partial success is allowed
	YES
	ignore

	Reporting Periodicity of RSRP Measurement Report
	O
	
	ENUMERATED(120ms, 240ms, 480ms, 640ms, ...)
	Periodicity that can be used for the reporting of RSRP Measurement Report Periodic.
	YES
	ignore

	Reporting Periodicity of CSI Report
	O
	
	ENUMERATED(5ms, 10ms, 20ms, 40ms, 80ms, ...)
	Periodicity that can be used for the reporting of CSI Report Periodic.
	YES
	ignore



	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.



	Condition
	Explanation

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



[bookmark: _Toc14207733]9.1.2.12	RESOURCE STATUS RESPONSE
This message is sent by the eNB2 to indicate that the requested measurement, for all or for a subset of the measurement objects included in the measurement is successfully initiated.
Direction: eNB2  eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	Measurement Initiation Result
	
	0..1
	
	List of all cells in which measurement objects were requested, included when indicating partial success
	YES
	ignore

	>Measurement Initiation Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI
9.2.14
	
	–
	

	>>Measurement Failure Cause List
	
	0..1
	
	Indicates that eNB2 could not initiate the measurement for at least one of the requested measurement objects in the cell
	–
	

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	EACH
	ignore

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object that failed to be initiated in the eNB2. First Bit = PRB Periodic,
Second Bit = TNL load Ind Periodic,
Third Bit = HW Load Ind Periodic,
Fourth Bit = Composite Available Capacity Periodic,
Fifth Bit = ABS Status Periodic,
Sixth Bit = RSRP Measurement Report Periodic,
Seventh Bit = CSI Report Periodic, Eighth Bit = Neighbour Cell Load Periodic.
Other bits shall be ignored by the eNB1.
	–
	

	>>>>Cause
	M
	
	9.2.6
	Failure cause for measurement objects for which the measurement cannot be initiated
	–
	



	Range bound
	Explanation

	maxFailedMeasObjects
	Maximum number of measurement objects that can fail per measurement. Value is 32.

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.



[bookmark: _Toc14207734]9.1.2.13	RESOURCE STATUS FAILURE
This message is sent by the eNB2 to indicate that for none of the requested measurement objects the measurement can be initiated.
Direction: eNB2  eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Cause
	M
	
	9.2.6
	Ignored by the receiver when the Complete Failure Cause Information IE is included
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	Complete Failure Cause Information
	
	0..1
	
	Complete list of failure causes for all requested cells
	YES
	ignore

	>Complete Failure Cause Information Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI
9.2.14
	
	–
	

	>>Measurement Failure Cause List
	
	1
	
	
	–
	

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	EACH
	ignore

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object that failed to be initiated in the eNB2. First Bit = PRB Periodic,
Second Bit = TNL load Ind Periodic,
Third Bit = HW Load Ind Periodic,
Fourth Bit = Composite Available Capacity Periodic,
Fifth Bit = ABS Status Periodic,
Sixth Bit = RSRP Measurement Report Periodic,
Seventh Bit = CSI Report Periodic, Eighth Bit = Neighbour Cell Load Periodic.
Other bits shall be ignored by the eNB1.
	–
	

	>>>>Cause
	M
	
	9.2.6
	Failure cause for measurements that cannot be initiated
	–
	



	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxFailedMeasObjects
	Max number of measurement objects that can fail per measurement. Value is 32.



[bookmark: _Toc14207735]9.1.2.14	RESOURCE STATUS UPDATE
This message is sent by eNB2 to neighbouring eNB1 to report the results of the requested measurements.
Direction: eNB2  eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI
9.2.14
	
	
	

	>>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.44
	
	YES
	ignore

	>>ABS Status
	O
	
	9.2.58
	
	YES
	ignore

	>>RSRP Measurement Report List
	O
	
	9.2.76
	
	YES
	ignore

	>>CSI Report
	O
	
	9.2.79
	
	YES
	ignore

	>>Cell Reporting Indicator
	O
	
	ENUMERATED(stop request, ...)
	
	YES
	ignore

	>>NR Neithbour Cell Measurement Result
	
	0..1
	
	
	YES
	ignore

	>>>NR Neithbour Cell Measurement Result Item
	
	1 .. <maxnoofNRNeighbours>
	
	
	
	

	>>>>Cell ID
	M
	
	NR CGI 9.2.111
	
	
	

	>>>>Radio Resource Status
	O
	
	NR Radio Resource Status 9.2.162
	
	
	



	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxnoofNRNeighbours
	Maximum no. of neighbour NR cells associated to a given served cell. Value is 1024.
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The NR 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

	SSB Area Radio Resource Status List
	
	1
	
	
	–
	

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

	>>SSB Index
	M
	
	9.2.167
	
	–
	

	>>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)
	[bookmark: _GoBack]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)
	
	–
	

	>>SSB Area SUL GBR PRB usage
	O
	
	INTEGER (0..100)
	Per SSB area SUL GBR PRB usage
	YES
	ignore

	>>SSB Area SUL non-GBR PRB usage
	O
	
	INTEGER (0..100)
	Per SSB area SUL non-GBR PRB usage
	YES
	ignore

	>>SSB Area SUL Total PRB usage
	O
	
	INTEGER (0..100)
	Per SSB area SUL Total PRB usage
	YES
	ignore

	>>SUL 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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