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1 Introduction

In the last RAN4 meeting some additional measurement results for WCDMA Band VIII were presented. Unfortunately  the number of measured phones supporting WCDMA Band VIII was still rather limited. In [1] measurement results of [3] – [5] were gathered together but it is unknown whether all the measured phones were different or at least partially same phone models were used in the measurements. In order to have good confidence and understanding of WCDMA Band VIII OTA performance and the OTA performance of other bands below 1 GHz like WCDMA V, GSM850 and GSM900 it would be good to have rather larger number of phones measured. 

It was noted in the RAN4#48bis discussions that also the impacts of multimode and multiband support would need to be properly studied and understood. In order to do so in this contribution we examine the impacts of the proposed minimum requirements for 3GPPTS 34.114 on GCF certification by measuring and testing all the support modes and bands of a given phone. We have also tried to estimate the amount of devices fulfilling the recommended OTA requirements proposed earlier by operators in [1] and earlier discussed in RAN4. 
The intention of this contribution is also to raise discussion on the overall function of the minimum requirements and on the importance of GCF certification.
2 Effect of proposed minimum requirements
In the subsection 2.1 we have analysed how the minimum requirements proposed by a group of operators in R4-082414 [1]  and earlier discussed operator figures (which are listed e.g. in R4-070715 [2]) would affect the number of multimode and multiband UEs meeting the OTA minimum performance requirements and  the certification pass/fail percentages. 
In the analyses we have assumed the same requirement limits both for the WCDMA band V and VIII as Band V limits were not considered in all proposal. In a similar manner the same requirement limits are used both for GSM850 and GSM900. 

In the subsection 2.2. we have analysed how the minimum requirements proposed by Nokia in one of the earlier contributions [2] would affectthe number of multimode and multiband UEs meeting the OTA minimum performance requirements and  the certification pass/fail percentages.

In both of the analyses we have tested whether a certain phone passes the minimum performance requirements for all the supported modes and bands of a given UE. For obtaining the full GCF certification UE needs to pass the certification limits for all supported modes and bands

In this exercise 27 dual mode UEs/MSs currently on markets were OTA tested according to TS 34.114.  All the devices had 3-4 GSM bands and 2-3 WCDMA bands. The tested handsets with supported GSM and WCDMA bands from multiple of UE vendors are listed in Table1.
	UE
	GSM bands
	WCDMA bands

	Sony Ericsson k850i 
	850, 900,1800,1900
	I, II, V

	Motorola Z8 
	850, 900,1800,1900
	I

	Motorola V9 
	850, 900,1800,1900
	I

	Sony Ericsson  C902 
	850, 900,1800,1900
	I

	Sony Ericsson W890i 
	850, 900,1800,1900
	I

	Sony Ericsson W910i 
	850, 900,1800,1900
	I

	Apple iPhone 3G 
	850, 900,1800,1900
	I, II, V

	HTC TyTN II 
	850, 900,1800,1900
	I, II, V

	Nokia N85 
	850, 900,1800,1900
	I, II, V

	Nokia E63 
	850, 900,1800,1900
	I, V

	Nokia E51 
	850, 900,1800,1900
	I, V

	Nokia 6600s 
	850, 900,1800,1900
	I, V

	Nokia 6600f 
	850, 900,1800,1900
	I, V

	Nokia 6500c 
	850, 900,1800,1900
	I, V

	Nokia 6120c 
	850, 900,1800,1900
	I, V

	Nokia N79 
	850, 900,1800,1900
	I, VIII

	Nokia E71 
	850, 900,1800,1900
	I, VIII

	Nokia E63b 
	850, 900,1800,1900
	I, VIII

	Nokia 6220c 
	850, 900,1800,1900
	I, VIII

	Nokia 6210 Nav 
	850, 900,1800,1900
	I, VIII

	Nokia 6121c 
	850, 900,1800,1900
	I, VIII

	Nokia 5800
	850, 900,1800,1900
	I, VIII

	Nokia 3120c-1 
	850, 900,1800,1900
	I, VIII

	HTC Touch Diamond 
	900,1800,1900
	I, VIII

	Nokia N78 
	850, 900,1800,1900
	II, V

	SGH-A737 
	850, 900,1800,1900
	II, V

	SGH-A727 
	850, 900,1800,1900
	II, V


Table 1. Tested devices
2.1 Operator proposed minimum requirements, CASE A
In our analyses presented in this subsection (Case A) we have used the minimum requirements proposed by a group of operators in R4-082414 [1]  and earlier discussed operator figures, which are listed e.g. in R4-070715 [2] as a pass/fail criteria. In the analyses we have also assumed the same requirements for the WCDMA band V and VIII was assumed although e.g. in R4-082414 [1] only numbers for the WCDMA Band VIII are proposed. 
	 


	TRP [dBm]
	TRS [dBm]

	
	Min
	Average
	max
	Average

	GSM 850
	20 
	22 
	-93
	-96

	GSM 900
	20
	22
	-93
	-96 

	GSM 1800
	20 
	22 
	-95 
	-98

	GSM 1900
	20
	22
	-95 
	-98

	WCDMA I
	13 
	15
	-98
	-101

	WCDMA II
	13  
	15
	-96
	-99

	WCDMA V
	11
	13
	-95.5
	-97.5

	WCDMA VIII
	11
	13
	-95.5
	-97.5


Table 2. Case A) Minimum requirements Limits
18 out of 27 testes devices did not meet requirement proposal listed in  the Table 2 (67% of UEs failed to meet the Case A requirements). In total 87 individual fails were recorded during the tests. 83 fails were caused by TRP and 4 due to TRS. Majority, 64 fails occurred in GSM 850 and WCDMA V bands. The minimum Min requirements caused 53 and average requirement 34 of the total fails.
2.2 Nokia proposed minimum requirements, CASE B    
In this subsection we present a second evaluation (Case B) where we have tested the UEs listed in Table 1 against the minimum requirement proposal given in Table 3. The requirement proposal in Table 3 is taken from an earlier Nokia proposal in [2]. 
	
	TRP [dBm]
	TRS [dBm]

	
	Min
	Average
	max
	Average

	GSM 850
	17
	19
	-92
	-95

	GSM 900
	17
	19
	-92
	-95

	GSM 1800
	18
	20
	-93
	-96

	GSM 1900
	18
	20
	-93
	-96

	WCDMA I
	13
	15
	-98
	-101

	WCDMA II
	13
	15
	-96
	-99

	WCDMA V
	9
	11
	-91
	-94

	WCDMA VIII
	9
	11
	-90
	-93


Table 3. Case B) Minimum requirements Limits
Requirements of table 2 were not met by 9 devices.  Total amount of failed tests was 18, Out of total, 16 was due to TRP and 2 due to TRS. Min/average requirement fail ratio was 4/14. 
2.3 Meeting Minimum OTA Requirements and Test Requirements

When test tolerances defined in TS 34.114 were applied in Case A 48% of the tested handsets failed to meet the test limits meaning that 48% of the tested handsets would fail the GCF certification (Only 52% of the tested handsets would obtain GCF certification with the Case A limits). In Case B 7% of the tested handsets failed to meet the test limit ( 93% of the tested handsets would obtain GCF certification with the case B limits). 
If the UE OTA TRP and TRS requirements are so stringent that majority of the phones will fail the requirements and therefore cannot get GCF certifications, there is high risk that these RAN4 requirements will not be used as design references by device vendors but instead less and less companies even try to get their phone fully certified including OTA requirements. We feel that it is important to define realistic requirements in order to avoid diminishing the importance of the RAN4 OTA requirements. 
It has been our understanding that the RAN4 minimum requirements including OTA TRP and TRS minimum requirements are valid for all UEs including roaming UEs. Additionally it is also our understanding that a UE needs to meet the OTA minimum performance requirements for all supported modes and bands (not only for primary mode and bands) of a handset. We would like understand whether other companies have different view on the assumption of the validity of the minimum OTA performance requirements and test requirements and how large percentage of the handsets (with different form factors, sizes,  multiband and multimode combinations etc) is expected to meet the minimum OTA performance requirements and obtain GCF certification. 
Earlier RAN4 discussed and according to our understanding agreed that the OTA TRP and TRS minimum performance requirements would be intended for avoiding very badly performing UEs (e.g. ~95% of the handsets should be able to pass the GCF certification limits) whereas the recommended (informal) limits could be used as operator requirements and indication of expected/desired UE performance e.g. for the primary band.
2.4 Recommended Performance

It is our understanding that as a part of GCF declaration it will be indicated in which bands the recommended or normative values have been reached; or if the measurement is not applicable for the device. In this subsection we present third analysis where we try to estimate the amount of devices fulfilling operator preferences (recommended OTA requirements ) based on recommended limits discussed in the contributions [1] and [2]. The recommended limits used in this analysis are listed per band and mode in Table 4. 
In this third analyses we have checked per band and mode how many of the test handsets meet the recommended limit as the recommended requirements can be requested to be met for certain bands and modes only. Unlike the minimum performance requirements which are required to be met for all supported modes and bands of a given handset. The results of the analysis is provided in Table 5. 
	
	Recommended performance 

	
	TRP [dBm]
	TRS [dBm]

	GSM 850
	24
	-99

	GSM 900
	24
	-99

	GSM 1800
	25
	-103

	GSM 1900
	25
	-103

	WCDMA I
	18
	-104

	WCDMA II
	18
	-102

	WCDMA V
	16
	-100.5

	WCDMA VIII
	16
	-100.5


Table 4. Recommended performance based on limits discussed in [1] and [2].
	
	Devices fulfilling recommended performance requirement

	
	Devices of Table 1
[% of UEs meeting the limits (# of UEs) ]
	Out of larger group of UEs
[% of UEs meeting the limits (# of UEs) ]

	GSM 850
	27% (26)
	17.5% (40)

	GSM 900
	26% (27)
	31.5% (54)

	GSM 1800
	7.4% (27)
	13% (54)

	GSM 1900
	7.4% (27)
	9.8% (51)

	WCDMA I
	25% (25)
	20%(35)

	WCDMA II
	28.6% (7)
	25% (8)

	WCDMA V
	7.7% (13)
	7.1%(14)

	WCDMA VIII
	11% (9)
	11% (9)


Table 5. Percentage of devices fulfilling proposed recommended performance indicated in Table 4. 
The Larger group referred in the table 5 is composed of devices from several manufacturers currently on sale. In the second column results of the Table 5 more handsets than in the first column results are tested against the recommended performance limits of Table 4. Districting factor from group devices in table 1 is that some of the devices have fewer operational modes/frequency bands. The figures in the brackets represent the total amount of devices used to calculate the fulfilling percentage for the corresponding mode and band.  
We would like RAN4 to discuss what is acceptable level for the percentage of handsets expected to meet the recommended OTA performance requirements. This would then also help in setting the corresponding limits. 
3 Conclusion

In this contribution we have tested how large percentage of the handsets meet different OTA minimum performance requirement proposals and recommended requirements proposals. 
For the minimum requirement analyses we have tested a set of handset listed in Table 1 against two different minimum requirement limit proposals given in Tables 2 and 3. When checking whether a UE meets the minimum performance requirements we have tested a given handset against the minimum performance requirements of all the modes and bands the UE supports. In case of testing the UEs against the recommended limit each band and mode were considered separately as the recommended requirements can be requested to be met e.g. for primary band only.
The following observations have been made based on our minimum performance and test requirement analyses:

· In CASE A) 67% of the tested phones would fail to meet the minimum requirements (only 33% would meet the minimum requirements)
· This would mean that 48% of the tested phones would fail the GCF certification limit when the RAN5 test tolerances are applied and all supported modes and bands are assumed. 

· Only 52% of the tested phone would obtain GCF certification assuming all supported modes and bands
· In CASE B) still 33% of the tested phones would fail to meet the minimum requirements (67% would meet the minimum requiremetns)
· This would mean that 7% of the tested phones would fail the GCF certification limit when the RAN5 test tolerances are applied and all supported modes and bands are assumed. 

· 93% of the tested phone would obtain GCF certification assuming all supported modes and bands
Based on our analyses for the recommended requirements we have observed that it seems to be particularly challenging for the UE vendors to meet the recommended limit number of Table 4 for GSM 1800, GSM 1900, WCDMA band V and WCDMA Band VIII.
We would like to encourage RAN4 to discuss and agree how large part of the handsets with different sizes, form factors and multimode and multiband combinations are expected to meet the OTA minimum performance requirements. For instance would be reasonable assumption to assume that e.g. ~95% of the handsets should be able to pass the GCF certification limits defined based on the minimum performance requirements. 

We feel that if the UE OTA TRP and TRS requirements are so stringent that majority of the phones will fail the requirements and therefore cannot get GCF certification, there is high risk that these RAN4 requirements will not be used as design reference by device vendors but instead less and less vendors even try to ensure that all or at least majority of their handsets will meet the minimum requirements and get GCF certification. 
We would also like to RAN4 to confirm whether the group has the same understanding as us that RAN4 minimum requirements are valid for all UEs including roaming UEs and for all supported modes and bands (e.g. not only for primary bands) of a given UE and recommended (informal) limits could be used as operator requirements and indication of expected/desired UE performance e.g. for the primary band and mode.
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