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Measurement reporting of cells of more than one RAT- Comparison of the Proposals
Introduction
Current GSM measurement reporting specified in 3GPP TS45.008 is optimised for mobiles supporting a single inter-RAT measurement reporting. Reporting for multiple RATs is not properly covered, specifically when different quantities are reported for different RATs. It must be noted that even the current rule for existing dual mode reporting should be improved.
These problems have been pointed out in GERAN#45 (see GP-100201[1]). Solution/accompanying CRs have been provided jointly with the document. In   GERAN#48 3 different solutions to this problem have been submitted.

In this paper these 3 solutions are compared and a way forward is proposed.

Problem 
There are two main problems with the current specification:
A) In case of normal reporting 3GPP TS 45.008 specifies multi-RAT reporting as follows:
“A multi-RAT MS shall report the number of best valid cells, in each supported other radio access technology/mode in the neighbour cell list or on frequencies contained in the E-UTRAN Neighbour Cell list, according to the value of the parameters XXX_MULTIRAT_REPORTING (XXX indicates radio access technology/mode).”
The rule to select reported cells for the case where the total number of cells exceeds the available reporting space is missing from this section of 3GPP TS 45.008.
If however additional reporting space exists after the above rule and after reporting GSM cells, further multi-RAT cells are reported as follows:

“If there are still remaining positions, these shall be used to report the next best valid cells in other radio access technologies for which XXX_MULTIRAT_REPORTING is non-zero. The best cell is the cell with the highest reported value (see subclause 8.1.5).”
This rule aligns with cell reselection algorithm at the step where cells or different RATs are compared.
B) In case of enhanced measurement reporting the lack of sufficient reporting space in the measurement report has been covered:
- if there is not enough space in the report for all valid cells, the cells shall be reported that has the highest sum of the reported value (RXLEV or as defined in subclause 8.1.5) and the parameter XXX_REPORTING_OFFSET for respective radio access technology/mode.

For UTRAN FDD however there is an additional conflicting definition:

For UTRAN FDD cells within this priority level, the reporting priority shall always be based on RSCP even if Ec/No is reported and the non-reported value shall be equal or greater than FDD_REPORTING_THRESHOLD_2.

This definition only refers to priority level 4 reporting while it must have been intended for priority level 3 equally. In any case this rule does not work well for multi-RAT reporting if different quantities are reported. Even in the dual mode GSM/UTRAN FDD case this rule is not ideal at all because the mobile may report a cell that is not the best cell from the handover decision parameter point of view. 
Proposals for multi-RAT reporting in GERAN 

There are currently 3 proposals in GERAN for solving the issue of multi-RAT reporting:
· Proposal_1 (see [2],[3]): In this proposal the mobile station reports the best cells according to reported quantity and applies a normalisation rule to make selection feasible between different reported quantities when needed.

· Proposal_2 (see [4],[5]): In this proposal the mobile station reports best cells according to their measured signal strength irrespectively of the reported quantity.
· Proposal_3 (see [6],[7]): this proposal uses a round robin reporting rule between different RATs. In case measurement reporting space would be exceeded, the decision on cells/RATs to be reported is proposed to be left implementation dependent.
Each of the proposals has its own advantages and drawbacks. These are summarized in the table below:
	Proposals
	Advantages
	Drawbacks

	Proposal_1

(see [2],[3])
	best cell reporting is achieved even if the reporting quantities are different for different RATs
	

	
	best cell selection for reporting is always based on the handover decision quantity (reported quantity).

guarantees inclusion of the cell on a particular frequency which the network ranks as the best cell based on the handover criterion in the report avoiding an immediate subsequent intra-RAT HO
	

	
	the reporting offset parameter maintains its full power allowing network operators to use it to prioritise reporting of specific RATs over others
	

	
	round robin reporting supported if XXX_MULTIRAT_REPORTING is set to a low enough value
	

	
	alignment with cell reselection algorithm at the step where cells or different RATs are compared 
	

	Proposal_2 (see [4],[5])
	aligns with the intended legacy dual mode reporting priority rule
	compromises performance if signal quality is chosen for the HO decision quantity or if different RATs are configured for different reporting quantities. 


	Proposal_3 (see[6],[7])
	the network obtains reports from as many RATs as possible in the available reporting space
	the reporting offset parameter looses its functionality

	
	
	different mobile behaviour allowed if the measurement report does not have space for all other-RAT cells to be reported. 


The current proposals offer different means to solve the same problem. However as it can be derived from the Table above it is only the Proposal_1 that allows for true multi-RAT reporting measurement comparison of values regardless of which parameters are measured by the mobile station without compromising performance. When comparing Proposal_1 to Proposal_2, the Proposal_1 has the advantage that the same mechanism can be used to compare different RATs regardless of whether the reporting quantity is the signal level (RSCP for UTRAN, RSRP for E-UTRAN) or the signal quality (Ec/N0 for UTRAN, RSRQ for E-UTRAN). Proposal_2 for example does not provide any means to solve the case when a mobile is ordered to report Ec/N0 for UTRAN and RSRP for E-UTRAN or vice versa. Compared to Proposal_3 Proposal_1 has the advantage that there is no part of functionality left for implementation and such it provides a generic means for multi-RAT reporting even in conflicting situations when  there are 2 RATs with the same values to be reported. In addition differently from Proposal_3, in Proposal_1 the reporting offset parameter maintains its full power. 
Conclusion    
As depicted in this paper out of the 3 current proposal in GERAN for solving the Rel-8 issue of multi- RAT reporting it is the Proposal_1 that is the most generic as it allows for a comparison of measurements of different RATs in a meaningful way regardless of quantities measured (signal level or signal quality), without any implementation dependencies, it provides the best handover performance by aligning the best cell selection with the reported quantity and it is aligned with the cell reselection algorithm at the step where cells or different RATs are compared. 

Seen the advantages of this proposal as well as the maturity of the CRs it is suggested that Proposal_1 is adopted in the specification as suggested in the accompanying CRs to 3GPP TS45.008 (see [8]
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[9]). 
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