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1. Introduction
Load information is an important input for Mobility Load Balancing (MLB) optimization. So far, in release 8, intra-LTE cell load information over X2 is standardized [1] and it could be applicable for both intra-frequency and inter-frequency mobility load balancing optimization.  However, standard for Inter-RAT case, i.e cell load exchange between LTE and other 3GPP system, like GERAN, UMTS, is not ready and still needs some effort. 
According to LTE stage2 [6] specification:

“16.1.7
Inter-RAT Radio Resource Management

Inter-RAT RRM is primarily concerned with the management of radio resources in connection with inter-RAT mobility, notably inter-RAT handover. At inter-RAT handover, the handover decision may take into account the involved RATs resource situation as well as UE capabilities and Operator policies. The importance of Inter-RAT RRM may depend on the specific scenario in which E-UTRAN is deployed. Inter-RAT RRM may also include functionality for inter-RAT load balancing for idle and connected mode UEs.”

This document proposes in RRM and also SON context first to discuss some requirements then it shows some alternative on cell load exchange and also it highlights and unified Load approach.
2. Requirements
Rel 8 specification has taken three types of load into account for intra-LTE cell load exchange, hardware load, TNL load and radio load.  We supposed this could be reused for inter-RAT case. 

Proposal 1: Three types of load, hardware load, TNL load and radio load shall be considered in inter-RAT cell load exchange.

Hardware and TNL load are further expressed as generic enumerated indicator, LowLoad, MediumLoad, HighLoad and OverLoad. These definitions should be applicable for inter-RAT case. 

Proposal 2: Hardware and TNL load is signalled in generic form.

As to radio load, different RATs have its own load definitions because it is highly dependent upon transmission technology. However, 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.  So, load information provided by different RAT shall be comparable. 
Proposal 3: Radio load provided by different RAT shall be meaningful for comparison. 
3. Cell Load exchange procedure
In pre-rel 8 specification, cell load exchange is made through inter-RAT handover preparation between UMTS and GERAN in order to support load based inter-system handover [3] [4]. The source system indicates to the target system the current traffic load in the source cell. it enables the target system to reject or allow that particular handover based on comparison between the cell load information that it has received from the source system with cell load information it has about its own cells and particularly the target cell that the mobile is about to use.  This information, later on, also enables the target system to make future handover decision. On the other way around, the target system indicates to the source system the current load in the target cell assuming a successful completion of the handover in progress. This enables the source system to make future handover decision to the target system by comparing the cell load information it has received about the target cells of the target system with cell load information it has about its own.
A natural thinking may be to reuse the transparent container mechanism in Rel 9 for load based piggybacking handover and load balancing optimization. The advantage is that standardization is easy because necessary adaptation merely is needed on the existing specification. However, it might be a problem in cases where inter-RAT handover rarely occurs then load information is not able to be timely updated. As a result, load based handover decision is made based on outdated load information and may cause handover failure/call drop. Existing UMTS network statistics shows that inter-RAT handover occurrences spans wide range from once per second to minutes and even above. And some live network statistics also indicate that performance of load-based inter-system handover is not as good as expected. The most likely reason is that load information is not timely updated. 
An alternative approach is to define an independent procedure dedicated for cell load exchange between LTE and other RATs. For example, as similar as that for inter-frequency load balancing, the source RAT requests target system to report cell load when experiencing load problem. Then the target system periodically report load information of concerned cells until explicit stop notification, indicating that overload problem has been solved. Pros of this alternative is that cell load information does not reliant on the occurrence of other event, for instance inter-RAT handover, thus cell load update can be made at any demanded rate. Cons of this approach are complexity of standardization. Multiple nodes including eNB, MME, SGSN, RNC, BSC etc are involved, and new messages/procedure may be needed between each section on the path from source cell to target cell. 
Below is a table summarizing the comparison between the abovementioned two approaches. 

	
	Pros
	Cons

	Transparent container mechanism
	Reusing existing mechanism and standardization work is limited on necessary adaptation to Rel-9 specification.
	Cell load update is reliant on occurrence of event it piggybacked, thus cell load update rate may not be sufficient in some cases.  

	Independent procedures
	Cell load exchange is an independent procedure, so cell load update can be made at any rate on demand. 
	Standardization work becomes complex, multiple nodes are involved and on each section from source RAT to target RAT, a new procedure may be needed.


Additionally we also expect that cell load information is used on two-folded purposes: load-based handover and load balancing optimization which respectively falls into RRM and SON scope. Load-based handover responds to instantaneous load variation while MLB reacts on large time scale of load statistics. Specifically, we assume that MLB operates on hour and above scale and load based handover on second to minute scale. 

From requirement point of view, load-based handover required cell load to be exchanged more frequently to ensure that information on the receiving side is not outdated. In this sense, independent procedure is preferred. 
However, defining new procedures for cell load exchange is not an easy job. We shall consider the cost in standardization.  Huawei is open on this topic and would invite other companies’ opinions to decide the way forward. 
4. Cell load definition
In pre-Rel 8, radio load information between UMTS and GSM are defined as follows per UL/DL:

· Cell capacity class. It classifies the cell capacity with regards to the other cells, and it indicates resources that are configured for traffic purpose. It ranges from 1 to 100 where 1 represents the minimum cell capacity and 100 represents maximum cell capacity. There should be linear relation between cell capacity and cell capacity class value.

· Cell load. It indicates the total cell load relative to the maximum planned load. It is defined as the load percentage of the cell capacity class.

· RT load.  It denotes the percentage of real time traffic (conversational and streaming traffic classes) to the measured load value. 

· NRT load. It indicates the load situation on the cell for non-real time traffic (interactive and background traffic classes).

Rel-9 should reuse the same definitions as much as possible. Cell capacity class and cell load are of common meanings across different system and thus can be reused. There’s no real time and non-real time service defined in LTE, so it needs some necessary adaptation. 
According to QoS mapping table in [2], GBR service in LTE is mapped to conversation and streaming service in UMTS/GERAN which belong to RT service in RT load measurement, and non-GBR service in LTE is mapped to interactive and background service in UMTS/GERAN which belongs to NRT service in load measurement. Based on this, we can consider that RT load in UMTS/GERAN is equivalent to GBR load in LTE and NRT load is equivalent to non-GBR load. Also, PRB usage per GBR/non-GBR measurement is ready in Rel 8 for intra-LTE load balancing. Therefore, RT load and NRT load can be replaced by PRB usage per GBR and non-GBR 
Considering hardware and TNL load as well, we propose that inter-RAT cell load includes the following information:
· Hardware load indicator

· TNL load indicator

· Radio load indicator

· Cell capacity class

· Total cell load

· GBR load

· non-GBR load
5. Proposal

We propose that RAN3 discuss the above mentioned issues and decide

· The way forward on cell load exchange procedure;

And agree as a baseline for definition of inter-cell load that load information shall include
· Hardware load indicator

· TNL load indicator

· Radio load indicator

· Cell capacity class

· Total cell load

· GBR load

· non-GBR load

Huawei is willing to provide any further CR and liaison document resulted from RAN3 decision on the above in next RAN3 # 64. 
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7. Informative Annex 23.401
Mapping between EPS and pre-Rel-8 QoS parameters

This annex specifies how the QoS parameter values of an EPS bearer (E-UTRAN access to the EPS) are mapped to/from the pre-Rel-8 QoS parameter values of a PDP context (UTRAN/GERAN access to the EPS) before a procedure is triggered that executes a handover between E-UTRAN and UTRAN/GERAN.

The following mapping rules hold:

-
There is a one-to-one mapping between an EPS bearer and a PDP context.

-
At handover from E-UTRAN to UTRAN/GERAN the pre-emption capability and the pre-emption vulnerability information of the EPS bearer ARP are ignored and the priority of the EPS bearer parameter ARP is mapped to the pre-Rel-8 bearer parameter ARP, as described in table E.1.

Table E.1: Mapping of EPS bearer ARP to pre-Rel-8 ARP

	EPS

Bearer ARP Priority Value
	Pre-Rel-8

ARP Value

	1 to H
	1

	H+1 to M
	2

	M+1 to 15
	3


At handover from UTRAN/GERAN to E-UTRAN the pre-emption capability and the pre-emption vulnerability information of the EPS bearer ARP are set based on MME operator policy. The pre-Rel‑8 bearer parameter ARP is mapped to the priority level information of the EPS bearer parameter ARP as described in table E.2.

Table E.2: Mapping of pre-Rel-8 ARP to EPS bearer ARP

	Pre-Rel-8

ARP Value
	EPS

Bearer ARP Priority Value

	1
	1

	2
	H+1

	3
	M+1


The values of H (high priority) and M (medium priority) can be set according to operator requirements to ensure proper treatment of users with higher priority level information. The minimum value of H is 1. The minimum value of M is H+1.

NOTE 1:
The setting of the values for H and M may be based on the SGSN mapping from the pre-Rel‑8 ARP parameter to the ARP parameter that is used for UTRAN/GERAN.

NOTE 2:
After a handover from UTRAN/GERAN to E-UTRAN the ARP parameter of the EPS bearer can be modified by the P‑GW to re-assign the appropriate priority level, pre-emption capability and pre-emption vulnerability setting.

NOTE 3:
A mapping from the EPS bearer parameter ARP to the pre-Rel‑8 bearer parameter ARP is not required for a P‑GW when connected to an SGSN via Gn/Gp as any change of the bearer ARP parameter may get overwritten by the SGSN due to subscription enforcement. However, the P‑GW should not combine services with different EPS bearer ARP values onto the same PDP context to enable a modification of the bearer ARP without impacting the assignment of services to bearers after a handover to E-UTRAN.

-
The EPS bearer parameters GBR and MBR of a GBR EPS bearer are mapped one-to-one to/from the pre-Rel-8 bearer parameters GBR and MBR of a PDP context associated with Traffic class 'conversational' or 'streaming'.

-
At handover from E-UTRAN to UTRAN/GERAN the pre-Rel-8 bearer parameter MBR of PDP contexts associated with Traffic Class 'interactive' or 'background' is set based on MME operator policy.

NOTE 4:
In order to apply the concept of AMBR in UTRAN/GERAN, for each active APN, one such policy may be to set the sum of those MBRs to not exceed the value of the EPS bearer parameter APN-AMBR.

NOTE 5:
In order to ensure that the MBR of PDP contexts associated with Traffic Class 'interactive' or 'background' are restored to their previous values when handing over again from E-UTRAN to UTRAN/GERAN, one such policy may be to have an MME store at handover from UTRAN/GERAN to E-UTRAN the pre-Rel-8 bearer parameter MBR of PDP contexts associated with Traffic Class 'interactive' or 'background'.

-
At handover from UTRAN/GERAN to E-UTRAN the subscribed AMBR for the corresponding APN shall take precedence. In case of handover from a Gn/Gp SGSN and if the MME has no subscribed AMBR values for the UE, the MME provides a local UE-AMBR to the eNodeB and local APN-AMBR(s) to the UE, the Serving GW and the PDN GW(s) until MME gets the EPS subscribed AMBRs. When the MME gets the subscribed UE‑AMBR and APN‑AMBR value(s) from the HSS, it calculates the UE-AMBR (UE-AMBR=MIN(subscribed UE-AMBR, sum APN-AMBR of all active APNs)). Then it compares these values with the local AMBRs and if any of the local AMBRs is different from the corresponding derived UE-AMBR and the subscribed APN-AMBR(s), the MME initiates HSS Initiated Subscribed QoS Modification procedure to notify the derived UE-AMBR to the eNodeB and the subscribed APN‑AMBR(s) to the UE, the Serving GW and PDN GW(s). For handover from a S4-SGSN, the S4-SGSN provides the APN-AMBR to the MME.

NOTE 6:
The local UE-AMBR may be for example based on the summing up of pre-Rel‑8 bearer parameter MBR of all the UE's interactive / background PDP contexts or on internal configuration. Each local APN‑AMBR may be for example based on the summing up of bearer parameter MBR of all the interactive / background PDP contexts of that active APN or on internal configuration.

-
A standardized value of the EPS bearer parameter QCI is mapped one-to-one to/from values of the pre-Rel-8 parameters Traffic Class, Traffic Handling Priority, Signalling Indication, and Source Statistics Descriptor as shown in Table E.1.

NOTE 4:
When mapping to QCI=2 or QCI=3, the pre‑Rel‑8 parameter Transfer Delay is used in addition to the four pre‑Rel‑8 parameters mentioned above.

-
At handover from E-UTRAN to UTRAN/GERAN the setting of the values of the pre-Rel-8 parameters Transfer Delay and SDU Error Ratio is derived from the corresponding QCI's Packet Delay Budget and Packet Loss Rate, respectively. At handover from UTRAN/GERAN to E-UTRAN the values of the pre-Rel-8 parameter SDU Error Ratio are ignored.

-
The setting of the values of all other pre-Rel-8 QoS is based on operator policy pre-configured in the MME.

Table E.1: Mapping between standardized QCIs and pre-Rel-8 QoS parameter values

	QCI
	Traffic
Class
	Traffic
Handling
Priority
	Signalling
Indication
	Source
Statistics
Descriptor

	1
	Conversational
	N/A
	N/A
	Speech

	2
	Conversational
	N/A
	N/A
	Unknown (NOTE°1)

	3
	Conversational
	N/A
	N/A
	Unknown (NOTE°2)

	4
	Streaming
	N/A
	N/A
	Unknown (NOTE°3)

	5
	Interactive
	1
	Yes
	N/A

	6
	Interactive
	1
	No
	N/A

	7
	Interactive
	2
	No
	N/A

	8
	Interactive
	3
	No
	N/A

	9
	Background
	N/A
	N/A
	N/A

	NOTE°1:
When QCI 2 is mapped to pre-Rel-8 QoS parameter values, the Transfer Delay parameter is set to 150 ms. When pre-Rel-8 QoS parameter values are mapped to a QCI, QCI 2 is used for conversational/unknown if the Transfer Delay parameter is greater or equal to 150 ms.

NOTE°2:
When QCI 3 is mapped to pre-Rel-8 QoS parameter values, the Transfer Delay parameter is set to 80 ms. When pre-Rel-8 QoS parameter values are mapped to a QCI, QCI 3 is used for conversational/unknown if the Transfer Delay parameter is lower than 150 ms.

NOTE 3:
When QCI 4 is mapped to pre-Rel-8 QoS parameter values, it is mapped to Streaming/Unknown. When pre-Rel-8 QoS parameter values are mapped to a QCI, Streaming/Unknown and Streaming/Speech are both mapped to QCI 4.
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