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Analysis of the new SON feature for detecting unnecessary IRAT HO from E-UTRAN to GERAN 
1. Introduction

In GERAN#49 meeting, an LS from RAN3 [1] has been received informing GERAN on the new SON feature for detecting unnecessary IRAT handover to GERAN. The changes to the Stage 3 specifications in RAN3 have already been agreed as informed by the LS and the missing parts seem to be the Stage3 CRs in GERAN for the Gb-mode. This document analyzes this feature from the GERAN perspective, highlights the changes needed and identifies the open issues with this procedure. 
2. Unnecessary IRAT HO from E-UTRAN to GERAN 
2.1 Description 
As described in 3GPP TS36.300 one of the purposes of the new mechanisms for inter-RAT Mobility Robustness Optimisation (MRO) is the detection of a unnecessary IRAT handover from E-UTRAN to GERAN in order to avoid non-optimal use of network resources. This usually happens if the threshold in the serving E-UTRAN cell is set too high and the other neighboring RAT (GERAN or UTRAN) has a good enough signal strength to be chosen for handover; in this case the mobile is handed over when in fact the it could have stayed in E-UTRAN. The solution introduced by RAN3 is for eNB to request some information from GERAN or UTRAN and based on this request the BSS or RNC would “instruct” the UE to perform measurements of particular E-UTRAN frequencies for certain time period after the successful handover. 
The additional information that the eNB has requested from GERAN or UTRAN would be sent in a handover report. As given in 3GPP TS36.300 the handover report(HO report) would include the following:

-
Handover type (LTE to UTRAN, LTE to GERAN);

-
Type of detected handover problem (Unnecessary HO to another RAT);

-
ECGI of the source cell in the handover;

-
Cell ID of the target cell;

-
A list of cells whose radio quality fulfils the threshold during a certain time period (both the threshold and the time period are indicated in the additional coverage and quality information in the Handover Preparation procedure)
The RAN node in the source RAT (E-UTRAN), upon receiving the report, can decide if/how its parameters (e.g., threshold to trigger IRAT HO) should be adjusted. It is not clear from the accompanying CRs whether this procedure relies on normal measurement reporting of E-UTRAN cells in UTRAN or GERAN or whether impacts to these procedures have been discussed.  
2.2 Specification  

The basics of the new feature according to the accompanying Stage 3 CRs to the LS [1] are  depicted in the figure below:
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Figure 1. HO Report request procedure  
In the UTRAN specifications a new IE is added to the Source RNC to Target RNC container namely the IRAT Measurement Configuration IE. This allows the source RAT (E-UTRAN) to piggyback the request to the target RAT (UTRAN) in the HANDOVER REQUIRED message. When the request is received by the target upon handover the target node instructs the UE to continue measuring the cells of the source RAT. This IE identifies a number of frequencies of the source RAT (E-UTRAN) to be reported as well as the RSRP and/or RSRQ thresholds. If at least one of the reporting thresholds is present, the target RNC compares the measurement results received from the UE against the threshold (or thresholds). It then sends the report if the threshold are exceeded. The IRAT Measurement Configuration IE is depicted below:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	IRAT Measurement Configuration
	
	
	
	

	>RSRP
	O
	
	INTEGER (0..97)
	Threshold of RSRP 

	>RSRQ
	O
	
	INTEGER (0..34)
	Threshold of RSRQ

	>Measure Parameters
	C – ifRSRPorRSRQ
	
	
	

	>Timer
	M
	
	INTEGER

(0..100)
	The duration (in [seconds]) of the UE measuring the source cells in the source RAT after successful IRAT HO in seconds when one or both thresholds are present

	>>E-UTRA frequencies
	O
	0 to <maxnoofEUTRAFreqs>
	
	If present, designates the specific E-UTRAN frequencies which the target RAT may instruct the UE to measure

	>>>E-ARFCN
	
	
	INTEGER (0..65535)
	EARFCN of the downlink carrier frequency [xx]


	Condition
	Explanation

	ifRSRPorRSRQ
	This IE shall be present if RSRP IE or RSRQ IE or both RSRP and RSRQ IEs are present.


	Range bound
	Explanation

	maxnoofEUTRAFreqs
	Maximum no of EUTRA centre frequencies to measure


In order for the target RAT node to send the requested information to E-UTRAN, in the E-UTRAN specs a new HO Report IE has been added to the SON Transfer Request Container. The new HO Report IE is defined as depicted below: 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	HO Type
	M
	
	ENUMERATED (LTE to UTRAN, LTE to GERAN, …)
	

	HO Report Type
	M
	
	ENUMERATED (Unnecessary HO to another RAT, …)
	

	HO Source ID
	M
	
	IRAT Cell ID

B.1.8
	Contains the cell ID of the source cell for the HO. This IE shall contain an E-UTRAN CGI, and shall be set to the same value as the Reporting Cell Identifier IE in TS 48.018 [18] 

	HO Target ID
	M
	
	IRAT Cell ID

B.1.8
	Contains the cell ID of the target cell for the HO. This IE shall contain either a UTRAN Cell ID or a GERAN Cell ID.

	Candidate Cell List
	
	1 to <maxNrOfCandidateCells>
	
	

	>Candidate Cell ID
	M
	
	IRAT Cell ID

B.1.8
	This IE shall contain an E-UTRAN CGI.


	Range bound
	Explanation

	maxNrOfCandidateCells
	Maximum no. of candidate cells. Value is FFS.


2.3 Analysis from GERAN perspective
2.4 SON Transfer 

In GERAN specification the SON transfer is introduced already as of Rel-9. The RIM application is utilized to send single or multiple reports from GERAN to E-UTRAN. As defined in 48.018 the  coding of the Application Container IE within the RAN-INFORMATION-REQUEST RIM container for the SON Application thus the SON Transfer Request Container IE and SON Transfer Response Container IE are specified  in 3GPP TS 36.413. As the HO Report is introduced as part of the SON Transfer Request Container in 36.413, there is no change required in terms of RIM signaling in GERAN, however in GERAN a BSS is a serving/reporting node thus not a requesting node as it seems to be assumed by the CRs (see [1] and Figure 1). The RIM procedures for SON Application as per 3GPP TS 48.018 is depicted in Figure 2:
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Figure 2. RAN Information Request Procedure
3GPP TS 48.018 also specifies “In the present specification, SON Transfer can be used between UTRAN and E-UTRAN, from GERAN to UTRAN, or from GERAN to E-UTRAN. The reporting cell located in the serving BSS is either an E-UTRAN cell or a UTRAN cell or a GERAN cell and shall be addressed by the corresponding cell identifier in the SON Transfer Application containers.” Thus there is no SON Transfer available from UTRAN to GERAN or E-UTRAN to GERAN and consequently in case of SON Transfer the Controlling BSC is either an RNC or eNB. 
As per 3GPP TS 25.413 this request for HO Report is part of the transparent container. It is however not clear on whether this can be considered a trigger to the  RNC to initiate RIM application for sending the HO reporting back to the requesting node namely RAN INFORMATION REQUEST as per CRs (see Figure 1 and [1]). It also needs to be clarified what is the behavior of the target eNB in this case. 
The same procedure could be applied in GERAN, however this mixture of the handover procedure with the RIM procedure needs to be clarified: the trigger for RIM signaling is part of  the handover signaling . In addition the measurement results of the E-UTRAN cell need to be send through RAN INFORMATION REQUEST message with the HO Report included in the SON APPLICATION REQUEST, where the reporting node seems to change role into controlling node by sending the RIM INFORMATION REQUEST. The behavior of the eNB upon receiving this message needs to be clarified. This part of the procedure is missing from the Stage 3 CRs accompanying the LS [1].
2.5 E-UTRAN measurement reporting  

In GERAN, E-UTRAN Measurement Parameters are received from SI2quater message. These parameters may be modified by one or more instances of the PACKET MEASUREMENT ORDER (PMO) message or Measurement Information (MI) with the same 3G_BA_IND value as defined in 3GPP TS 44.018. In order to receive the measurement reports for E-UTRAN while in GERAN as requested by the E-UTRAN cell, PMO or MI messages are required to signal to the MS the specific E-UTRAN frequency to measure if not already present in the SI2quater. In addition to this change there are also several issues when considering measurement reporting of a specific E-UTRAN frequency:

· In GERAN only one measurement is reported for E-UTRAN cells, either RSRP or RSRQ, thus there cannot be a comparison of the measurement results by the BSS on both thresholds;

· Handling of the reporting criteria between these requested E-UTRAN frequencies and the E-UTRAN frequencies in the E-UTRAN Neighbour Cell List. It is not clear whether the signal levels are taken into account;  
· Handling of priorities between these cells and the ones from the E-UTRAN Neighbour Cell List; 
· The reliability/consistence of these measurements to the originating source E-UTRAN cell in terms of signal quality. An E-UTRAN cell adjusting the serving threshold based on a “HO Reporting” received by a BSS node does not necessarily mean that the number of unnecessary IRAT handovers will decrease for the future handovers. 
· Monitoring capabilities of the MS seen that it is not specified if the number of E-UTRAN frequencies exceeds the MS monitoring capabilities see 3GPP TS 45.008. 
3. Conclusions

This contribution analyzed the new SON feature for detecting unnecessary IRAT handover specified by TSG RAN WG3 utilizing only the accompanying CRs to the LS [1]. From GERAN perspective there are concerns with the proposal that can be summarized as follows:

· Impacts to E-UTRAN measurement reporting procedures in GERAN are inevitable in order to provide the E-UTRAN measurement reporting as requested in the “IRAT measurement configuration” by the eNB in the E-UTRAN cell; 
· A BSS can only perform comparison of the measurement results on one of the thresholds RSRP or RSRQ depending on the one in use by the network not on both;  

· The new procedure is a hybrid between the RIM and handover procedures where a trigger for sending the handover report is not a RIM message itself but an IE in the Source to Target transparent container.  In addition the procedure seem to imply that the SON transfer will be initiated from a BSS, thus differently from the current 3GPP TS 48.018.
· It is not clear what additional information in terms of measurement results is expected to be received from a terminal shortly after successful handover that cannot be obtained otherwise from a terminal in packet transfer mode.
· The reliability of this new feature to prevent unnecessary IRAT handovers is questionable as the requested E-UTRAN measurement reporting of two or more different mobiles in the same GERAN cell may not necessarily be the same and as such an eNB adjusting its serving threshold based on some measurements may only be beneficial for some IRAT handovers;   
Considering these points this new SON feature requires changes to the E-UTRAN measurement reporting in GERAN as well as to the RIM Application for SON Transfer. It is therefore proposed to inform TSG RAN WG3 on these findings and check with RAN3 if they have foreseen/expected that some changes are required to E-UTRAN measurement reporting in UTRAN/GERAN in order to allow measurement reporting of a particular E-UTRAN frequency. It is also proposed to clarify with TSG RAN WG3 which additional measurement information is expected to be received by a terminal right after successful handover that cannot be obtained otherwise.
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