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1. Introduction
In RAN3#64 meeting, Inter RAT load balancing has been discussed in [1], and some open issues need to be further clarified.
According to TP36.902 v1.2.0 [2] specification:

“4.6.6
Solution description for Inter RAT load balancing

(editor’s note: Discussions based on R3-091103 at RAN3#64: 
· Need for inter RAT load exchange confirmed

· Open issues:

· Actual load information is FFS

· Load balancing like in intra LTE case or simple off load of overloaded cells to other RAT?

· Frequency of exchange of load information has to be clarified

· Frequency of how often load balancing actions are supposed to be triggered by SON shall be clarified

· Mechanism to exchange load information has to be clarified

· event triggered?

· only in overload situations ?

· vendor specific?

· periodic reporting ?

· Use of already piggy packed information during HO messages?

· Request response mechanism?

End of editor’s note:)”
This document makes some discussion and gives some proposals about Inter RAT load balancing between EUTRAN and UTRAN/GERAN. Besides, some related text proposal is provided for TP36.902.
2. Cell Load Exchange Mechanism
Alternative 1: Piggyback in Relocation/HO procedure

In order to support load based inter-system handover between UTRAN and GERAN, cell load Information is exchanged through inter-RAT handover preparation [6] [7]. The source system piggybacks the cell load information of the source cell to the target system in the Relocation/Handover Required message, which helps the target system to make the decision whether to admit the handover request by comparing the cell load information between the source cell and the target cell. Besides, target system also piggybacks the cell load information of the target cell back to source system in Relocation/Handover Command message, which can also be utilized by the source system to make future handover decision. 
It is reasonable to extend this method for cell load information exchange between UTRAN/GERAN and EUTRAN. That is, utilize the current piggybacked mechanism as defined between UTRAN and GERAN. With this way, the standardization work could be minimized. However, it should be noted with the current piggybacked mechanism, cell load information between eNB and RNC/BSS could only be exchanged when there happens to be an inter-RAT handover.

The notable drawback with the piggybacked mechanism is that, cell load information exchanged could not be well controlled, and it also could not be exchanged timely. As a result, the load based handover decision may be made based on some outdated load information and may cause handover failure/call drop. 
Alternative2: Independent procedures
The other alternative is to define an independent procedure used for cell load exchange between EUTRAN and other RATs .With the independent procedure, cell load information exchange does not rely on the occurrence of inter-RAT handover, thus cell load exchange can be made timely at any demanded rate. 
Cons of this approach are complexity of standardization. Multiple nodes including eNB, MME, SGSN, RNC, BSC, etc may be involved, and new messages/procedure may be needed. 
Here is a table summarizing the comparison between the above mentioned two approaches. 
	
	Piggybacked in IRAT handover
	Independent procedures

	Spec Impact
	Reusing existing HO message and standardization work is limited on necessary adaptation to Rel-9 specification.
	+
	A new procedure or new IE may be needed.
	-

	Load Info
	Cell load exchange should follow the principle of “the source adapts to the target”. However, the inter-system cell load exchange information is something different between EUTRAN and UTRAN/GERAN，which may bring misunderstanding and confusion.
	-
	Cell load info which should be exchanged between RATs could be newly developed， which could be more efficient.
	+

	Trigger mechanism
	Cell load update is reliant on occurrence of event it piggybacked, such as IRAT HO conditions.
	-
	Periodic or event triggered or request-response cell load exchange, which could be flexible controlled by operators or vendors.
	+

	Timeliness
	The load information obtained from Relocation/HO command/failure message could only be used next time.
	-
	the load information could be timely acquired for purpose of Relocation/HO or load balancing
	+


We assume that cell load exchange is for both RRM and SON purpose. Therefore, cell load exchange shall occur on the rate of once per second/minutes level to ensure that load information on the receiving side is not outdated. And as we can see in the table, the independent procedure may be more suitable than piggybacked procedure. So we propose that cell load exchange between RATs in Rel-9 goes with an independent procedure. 
Proposal 1: Independent procedures should be used to exchange Inter RAT cell load information. 
3. Independent cell load exchange procedure
As known, in TS36.413 and TS25.413, eNB/MME Direct information Transfer procedure and RANAP Direct Information Transfer procedure have already been used to convey RAN information between E-UTRAN and UTRAN. And it seems also a suitable way to transfer the cell load information between E-UTRAN and UTRAN.
Proposal 2: RANAP Direct Information Transfer and eNB/MME Direct Information Transfer procedures should be used to transfer cell load information between E-UTRAN and UTRAN.
However, in TS48.018, there is no similar direct information transfer procedure. Instead, RIM container IE about RIM information between GERAN and E-UTRAN/UTRAN is transferred by RAN-INFORMATION-REQUEST, RAN-INFORMATION, RAN-INFORMATION-ACK, etc. So we propose reusing these PDUs to transfer the cell load information between E-UTRAN and GERAN at GERAN side.
Proposal 3: RAN-INFORMATION related PDUs should be used to transfer cell load information between E-UTRAN and may be used for GERAN at GERAN side.
4. Cell Load Information
As known, cell load information between UMTS and GERAN is defined as follow IEs per UL/DL[6][7]: “Cell capacity class”, “Cell load”, “RT load”, “NRT load”. These loads are expressed as the load percentage.
Besides, Rel-8 specification has taken three types of load into account for intra-LTE cell load exchange, ”Hardware Load Indicator”, ”TNL Load Indicator” and ”Radio Resource Status”. Hardware and TNL load are further expressed as generic enumerated indicator, “LowLoad”, “MediumLoad”, “HighLoad” and “OverLoad”. These definitions should also be applicable for inter-RAT case. As to radio load, different RATs have its own load definitions because it is highly dependent upon radio access technology. 
Rel-9 should reuse the same definitions of Rel-8 as much as possible for compatibility. For load-based handover and load balancing optimization, cell load information is expected to help the receiving side judge whether a particular handover could be admitted or not on this cell. Usually, this is achieved through load comparison between sending and receiving cell. 
 We think the a load information provided by different RAT shall be comparable. 
The radio resource load can be divided into RT and NRT load in GERAN by channels, or GBR and non-GBR load in E-UTRAN by PRBs. But in UTRAN, the radio resource is shared by the RT and NRT services (or GBR and non-GBR services) because of HSPA. So it is difficult to distinguish the actual radio resource consumed by RT or NRT service (GBR or non-GBR services) without additional burden (e.g mapping processing) in lower node. Further more, on the permission of other resource, it is the total radio resource load that can finally decide if UEs could access the cell for inter RAT load balance. 
Therefore, the total cell load of radio resource status could be enough for IRAT load balancing.
Considering hardware and TNL load as well, we propose that inter-RAT cell load for the two sides include the following information:

· Hardware load indicator

· TNL load indicator

· Total Cell load in percentage
In addition, it might be useful if the information about access restriction of a cell is known by its neighbour. For this, the following information is foreseen to be useful:
· Cell barred information
· Cell reserved for operator use
Proposal 4: The cell load information for Inter RAT exchange is proposed as follow: Hardware load indicator, TNL load indicator, Total Cell load and cell barred information.
5. Mechanism to Trigger Load Balancing
For load balancing optimization, we could consider Intra-LTE for priority, and then Inter-RAT. If a UE wants to access/HO to an overloaded cell which has not been balanced, it may cause handover failure/call drop. So if the cell is overloaded, it may be too late to balance the load. We propose that Inter RAT load balancing may be triggered when the cell load is up to some threshold configured by operator’s policy.
The source system may decide to balance the load. After triggering load balancing, the target system may periodically report load information of target cells until explicit stop notification, indicating that overload problem has been solved. The period of reporting load information may be fixed or conditional. For example, if the source cell load is much different from the target, the period could be less frequent; otherwise the period could be frequent.
Additionally we also expect that cell load information may be used on load-based handover which respectively falls into RRM scope. When the cell load of source system is up to some threshold, source system may trigger the cell load exchange procedure to obtain the cell load of target system. After comparing the cell load information, the source system may decide to trigger the handover procedure. Since the cell load-based handover is seldom, the target system may only need to response the cell load information and not to report periodically. 
Proposal 5: Event triggered cell load exchange for the load balancing and load-based handover is proposed. And the cell load information is proposed to report periodically for load balancing.
6. Proposal

We propose as follow: 
Proposal 1: Independent procedures should be used to exchange Inter-RAT cell load information.
Proposal 2: RANAP Direct Information Transfer and eNB/MME Direct Information Transfer procedures should be used to transfer cell load information between Inter RAT.
Proposal 3: RAN-INFORMATION related PDUs should be used to transfer cell load information between E-UTRAN and GERAN at GERAN side.
Proposal 4: It is proposed RAN3 agrees that as a baseline for definition of inter-cell load that load information should include:
· Hardware load indicator

· TNL load indicator

· Total Cell Load
· RAN3 discuss and agree on the usefulness of the exchange of the following access restriction information of a cell:
· Cell barred information
· Cell reserved for operator use
Proposal 5: Event triggered cell load exchange for the load balancing and load-based handover is proposed. And the cell load information is proposed to report periodically for load balancing.

Note that two separated CRs R3-091772 and R3-091773 based on the discussion of this contribution are provided as well for RAN3#65.  
It’s proposed to introduce the subsequent text proposal into TR 36.902.

7. Text Changes

Unchanged parts omitted.

*************************************** Start of changes********************************************

4.6
Mobility Load balancing optimisation

4.6.6.1
Input data, definition of Measurements or Performance data

It is proposed that load information is used for Inter-RAT load balancing. Besides its own load, an eNB must know the load in the neighbouring cells of Inter-RAT to be able to decide on the appropriate candidate cell for LB action. The Inter-RAT cell load can be provided with:
Inter-RAT load balancing (information exchanged over S1):

· the current HW load indicator (UL/DL HW load: low, mid, high, overload),

· the current TNL load indicator (UL/DL TNL load: low, mid, high, overload).

· the current total cell load (Total Cell Load).
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