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1 
Introduction and Abstract
Load Information (LI): allows an eNodeB to indicate to its neighbour(s) that (a) certain resource block/s (RB’s) will be available for a possible handover from the neighbour eNodeB’s of one or multiple UE’s. This information can be used to avoid possible load situations in these eNodeB’s and optimize the whole network load situation (load balancing). The Load will be reported for UL and DL separately. In addition it will be distinguished between RT and Non RT traffic. The Load Information message is only send if the load for one of the parameter went over a configured threshold. The Load Situation IE can also be send during HO in the Handover Request and Handover Request Acknowledge message.
2 
Discussion

Load balancing discussion has been showing many different definitions of load information, i.e, interference, general load (0-100%), available number of reference calls, etc. In this contribution, it is aimed to review the available definitions of the load, the usage of the load information and the mechanism to convey the information.

One of the typical usages of load information is load balancing and more specifically load information can be utilized to optimize HO threshold or HO decision. In case the load is in terms of UL interference, the load information can be utilized for UL interference coodination as agreed in RAN1 (i.e, for UL power control). As the reaction in the receiving eNodeB is expected to be different, the reason to trigger the load information exchange shall be unambiguous in the message.
2.1
Definition of the Load Information

As it is assumed that the characteristic of the user traffic doesn’t need to be symmetric, the load information should be defined separately for UL and DL.

Conclusion: Load information shall be defined for UL and DL separately.

As explained in [2], general load (0-100%) will not serve the purpose. With only general load information, the receiving eNB would not know how much actual resource is avaible and what caused the load situation. Thus receiving eNB will not know how to react to reduce the load situation in the source. Therefore, the improvement in the definition of the load is necessary. Defining the load in terms of residual capacity is an interesting idea. However some problems were found to define the residual capacity as the number of reference VoIP calls. For instance, in case RT and non-RT traffics are mixed and all the capacities are filled with non-RT traffic, it is not easy to express the situation in terms of the number or reference VoIP call. i.e, Is the cell completely loaded or not? 

Conclusion: Load information shall be defined for RT and Non-RT separately. 
Also, as the capacity of VoIP call is very sensitive to the delay budget for the VoIP packet, the packet scheduling method (dynamic or semi-persistent) etc, in multi-vendor environment, the same number of the reference VoIP calls could be interpreted differently. Thus it may not be easy to utilize capacity of VoIP call as the general load information.

The definition of load should be more concrete and more understandable, so that there shall not be any room to misinterprete the meaning of the load. One good candidate for this purpose would be to calculate the load in terms of the number of used (or unused) PRBs (Physical Resource Blocks). As the size of PRB is always the same, there is no room to misinterprete the load information. In case used PRBs are used for load definition, the frequence band should be delivered also so that the residual capacity can be calculated. This load information will be used for HO optimization or HO decision.

Conclusion: Load information shall be defined in terms of PRBs.

To be more specific, the load information for HO optimization can be defined for RT and for non-RT. As RT traffic should include all the important time critical traffics, the RT traffic includes SAE GBR traffic, RRC messages and MAC-c PDUs. A weighted sum of the used PRBs for the scheduled users can be used as the per-TTI load measurement definition as follow;
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where index n is referreing to the n-th scheduled user in the TTI. Hence, the number of used PRBs per user is weighted with the ratio of number of bits used for GBR bearers + RRC messages + MAC-c PDUs versus the total number of transmitted bits (total TBS).  By applying a division of the total carried payload, it is possible to measure the effective PRBs that are used by ‘important’ traffic. For non-RT load can be calculated in a similar way.
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As load information per TTI sounds too dense, the measurement could be cumulated further for 100ms or 200 ms.

By knowing these two measurements with the carrier band of the source, target eNB can know exactly how much the source cell is loaded with RT traffic as wel as with Non-RT traffic.

Conclusion: The definition of the RT and Non-RT load shall be the portion of TBS used for RT traffic and Non-RT traffic respectively. 

Another form of load is interference. As RAN1 agreed only on exchanging UL interference information, this contribution does not discuss DL interference. The report of the UL interference should be optional.

Conclusion: Load information shall be defined in terms of UL Interference.
The measurement of Downlink relative transmitted power is an average value of the ratio between the total transmitted power (over the system bandwidth) and the maximum transmission power. It is measured per cell. The period to average this value shall be configurable via the OAM.

Assuming that most vendors will operate the system with constant Tx power per PRB, this measurement is approximately equivalent to have a measure of the used number of PRBs. Hence, the carrier Tx power measure can be used to determine whether a cell is operating in fractional load (only Tx on sub-set of the PRBs). The report of the DL relative transmitted power should be optional.
Conclusion: Load information shall be defined in terms of DL relative transmitted power.
2.2
X2 Load Information message exchange with the reporting of available (used) resources

For optimized source eNodeB handover decisions and for network optimization (load balancing) the neighbour cells should send the “X2-AP Load Information” C-Plane message with the parameter “Load Situation”. The message is triggered if the load situation is above a configured load threshold for one of the parameters and must be answered from the target side. The parameter “Load Situation” should contain:


Type (Initiating, Response)


Cell ID’s


Frequency per Cell


Frequency bandwidth per Cell


Time interval per Cell for these measurements


DL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)


UL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)


DL used PRBs for Non-RT traffic during the fixed period with bandwidth (relative capacity)


UL used PRBs for Non-RT traffic during the fixed period with bandwidth (relative capacity)


UL Interference during the fixed period


DL relative transmitted power  
The “X2-AP Load Information” should be send threshold based. The value of the thresholds is FFS.

The “X2-AP Load Information” message with the parameter “Load Situation” can be used in the receiving eNodeB to initiate handover’s (HO’s) for one or multiple UE’s to these cell’s with available resources.

This procedure can also be used for network optimization (load balancing between eNodeB’s).

The Handover Request and Handover Request Acknowledge messages should also contain this “Load Situation IE” to have the actual load situation available on both sides.

For indirect forwarding a new S1-AP C‑Plane message “Load Information” would be necessary to defined in order to transfer the “Load Situation IE” also over S1 to the target side or to piggyback this IE on one of the existing messages. It is FFS, if this should be possible over S1, or this procedure should only available on X2.

3 
Proposal

It is proposed to use the following procedure for handover:
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8
X2-AP Procedures

8.1
Elementary Procedures

8.x

Load Information
8.x.1
General

The purpose of the X2-AP Load Information message procedure is to transfer the uplink and downlink load situation for Real time and Non Real time PRB’s (relative capacity) traffic during a fixed period with bandwidth. In addition optionally the UL Interference during a fixed period can be reported. The message exchange is threshold based. The Initiating messages needs to be answered from the target eNodeB with a Response message.
Direction: eNodeB ( eNodeB.
8.x.2
Successful Operation
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Figure 8.x.1: Load Information 
An eNodeB initiates the procedure by sending LOAD INFORMATION (Initiating) message to intra/inter-frequency neighbouring eNodeB’s. The LOAD INFORMATION message can carry overload as well as load situation. An eNodeB should send traffic load information when its load situation changes such that the number of resource blocks that it needs to use changes by some threshold, this triggering mechanism is FFS. The LOAD INFORMATION (Initiating) requires a LOAD INFORMATION (Response) from the target eNodeB. 
8.x.2
Abnormal Conditions
9
Elements for X2AP Communication

Editors Note: Section 9 included as placeholder. Detailed work can not start until we have clear definitions of the procedures.
9.1
Message Functional Definition and Content

Editors Note: Details on the Connection Management Identifiers is FFS. When general principles and consistency with S1-AP has been decided all X2AP procedures will need to be revised.
9.1.x
LOAD INFORMATION

This message is sent by an eNodeB to neighbouring eNodeB’s to transfer the Overload indication and Traffic load situation.

Direction: eNodeB ( eNodeB.

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

	Message Type
	M
	
	
	
	YES
	reject

	Type
	MP
	
	Enumerated
	Choice of Initiating or Response Message
	
	

	Cell Information
	
	1..<maxCellineNB>
	
	
	EACH
	ignore

	>Cell ID
	M
	
	OCTED STRING
	
	-
	

	>Interference Overload Indication
	O
	
	
	Intercell interference indicator for each resource block (coding is FFS)
	-
	

	>Load Situation
	M
	
	
	Used PRB for RT and Non RT traffic
	-
	


9.1.y

Load Situation IE
	Information Element
	Need
	Type and reference
	Semantics description
	Version

	Type
	MP
	Enumerated (HO message, Load Information message)
	Choice of Hand over message or Load Information Message
	

	CHOICE mode
	MP
	
	
	

	>HO Message
	
	
	HO Request or HO Request ACK
	

	>>Frequency
	MP
	Integer
	
	

	>>Bandwidth
	MP
	Integer
	
	

	>>Time interval
	MP
	Integer
	
	

	>>DL PRB’s for RT traffic
	MP
	Integer 
	Relative load
	

	>>UL PRB’s for RT traffic
	MP
	Integer
	Relative load
	

	>>DL PRB’s for N-RT traffic
	MP
	Integer
	Relative load
	

	>>UL PRB’s for N-RT traffic
	MP
	Integer 
	Relative load
	

	>>UL Interference
	O
	Integer
	Relative interference
	

	>>DL relative transmitted power
	O
	Integer
	Relative transmitted power
	

	>Load Information message
	
	
	Only sent if load is > threshold
	

	>>Frequency
	MP
	Integer
	
	

	>>Bandwidth
	MP
	Integer
	
	

	>>Time interval
	MP
	Integer
	
	

	>>DL PRB’s for RT traffic
	MP
	Integer
	Relative load
	

	>>UL PRB’s for RT traffic
	MP
	Integer
	Relative load
	

	>>DL PRB’s for N-RT traffic
	MP
	Integer
	Relative load
	

	>>UL PRB’s for N-RT traffic
	MP
	Integer
	Relative load
	

	>>UL Interference
	O
	Integer
	Relative interference
	

	>>DL relative transmitted power
	O
	Integer
	Relative transmitted power
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