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1. Introduction
In RAN4#53 meeting, an LS from RAN5 [1] introduced discussion on the applicability of RRM tests on bands which were insufficiently wide to support either 2 x 10MHz carriers or 3 x 10MHz carriers.  An initial response LS was agreed by RAN4 in [2], part of which is reproduced below.


[image: image1]
2. Analysis
As discussed in the response LS to RAN2, the option of reducing the channel bandwidth to 5MHz has been discounted due to the work involved, and the fact that it would still not cover all the scenarios. The intention of this contribution is therefore to provide further analysis on the response to action 2) from RAN5.
To make further analysis on the issue, we first evaluated the bands which could not support 3x10MHz carriers, and the bands which could not support 2x10MHz carriers, in annex A. The analysis shows that bands 5, 11, 33 and 37 would not be able to support 3 E-UTRA 10MHz carriers, and bands 12, 13, 14, 17, 18, 19, 21 and 34 would not be able to support 2 E-UTRA 10 MHz carrier.
Next, considering the test cases defined in 36.133 v9.2.0 (December 2009), the ones which use multiple  E-UTRA carriers were identified and are summarised in table 1.
	Section number
	Test Purpose
	Band needed
	3GPP release

	A.4.2.3 
	Cell Reselection : E-UTRAN FDD – FDD Inter frequency case
	20MHz
	Rel-8

	A.4.2.6
	Cell Reselection : E-UTRAN TDD – TDD: Inter frequency case
	20MHz
	Rel-8

	A.5.1.3 
	E-UTRAN FDD – FDD Inter frequency handover
	20MHz
	Rel-8

	A.5.1.4 
	E-UTRAN TDD – TDD Inter frequency handover
	20MHz
	Rel-8

	A.5.1.5 
	E-UTRAN FDD – FDD Inter frequency handover: unknown target cell
	20MHz
	Rel-8

	A.5.1.6
	E-UTRAN TDD – TDD Inter frequency handover; unknown target Cell
	20MHz
	Rel-8

	A.6.1.2
	E-UTRAN FDD Inter-frequency RRC Re-establishment
	20MHz
	Rel-8

	A.6.1.4
	E-UTRAN TDD Inter-frequency RRC Re-establishment
	20MHz
	Rel-8

	A.8.1.4
	E-UTRAN FDD-FDD inter-frequency event triggered reporting under AWGN propagation conditions in asynchronous cells with DRX when L3 filtering is used
	20MHz
	Rel-8

	A.8.3.1
	E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells
	20MHz
	Rel-8

	A.8.3.2
	E-UTRAN FDD-FDD Inter-frequency event triggered reporting when DRX is used under fading propagation conditions in asynchronous cells
	20MHz
	Rel-8

	A.8.4.1
	E-UTRAN TDD-TDD Inter-frequency event triggered reporting under fading propagation conditions in synchronous cells
	20MHz
	Rel-8

	A.8.4.2
	E-UTRAN TDD-TDD Inter-frequency event triggered reporting when DRX is used under fading propagation conditions in synchronous cells
	20MHz
	Rel-8

	A.8.11.1
	Multiple E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions
	30MHz
	Rel-8

	A.8.11.2 
	E-UTRAN TDD – E-UTRAN TDD and E-UTRAN TDD Inter-frequency event triggered reporting under fading propagation conditions
	30MHz
	Rel-8

	A.8.11.5
	Combined E-UTRAN FDD – E-UTRA FDD and GSM cell search. E-UTRA cells in fading; GSM cell in static propagation conditions
	20MHz
	Rel-9

	A.8.11.6
	Combined E-UTRAN TDD – E-UTRA TDD and GSM cell search. E-UTRA cells in fading; GSM cell in static propagation conditions
	20MHz
	Rel-9

	A.9.1.3
	Measurement performance requirements: RSRP accuracy: FDD—FDD Inter frequency case
	20MHz
	Rel-8

	A.9.1.4
	Measurement performance requirements: RSRP accuracy: TDD—TDD Inter frequency case
	20MHz
	Rel-8

	A.9.2.3
	Measurement performance requirements: RSRQ accuracy: FDD—FDD Inter frequency case
	20MHz
	Rel-8

	A.9.2.4
	Measurement performance requirements: RSRQ accuracy: TDD—TDD Inter frequency case
	20MHz
	Rel-8


Table 1: Test case analysis 
Table 1 shows that 19 tests need two E-UTRA carriers (20MHz) and 2 tests need three E-UTRA carriers (30MHz). To put this in perspective, there are approximately 109 RRM tests defined in 36.133, meaning that something like 81% of RRM tests could be run on the bands that are less than 20MHz wide. For bands that offer between 20MHz and 30MHz, something like 107/109 ≒ 98% of all the tests are feasible.
 This analysis covers all variants of radio access technology (E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM, HRPD and CDMA 2000 1x), but it is envisaged that test case coverage might remain in similar proportions when considering UEs which are having capability to support some subset of all possible radio access technologies.
Naturally, the test case numbers alone do not give a complete picture of the missing coverage when the test cases in table 1 are not feasible to be performed on a certain band, but this was intended to give an overall view of the scale of the problem, and to indicate that the larger part of the RRM test coverage defined by RAN4 addresses either intra frequency and inter RAT cases, and as such it is feasible to run the majority of tests on any of the defined 3GPP E-UTRA bands. Still, the missing part concerns all E-UTRA inter-frequency tests so it should still be evaluated further.
Firstly, considering the case of bands between 20 and 30MHz, so supporting 2 but not 3 10MHz carriers, only two test cases cannot be run, “Multiple E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions” and “E-UTRAN TDD – E-UTRAN TDD and E-UTRAN TDD Inter-frequency event triggered reporting under fading propagation conditions”.  These tests concern verifying gap sharing performance with Nfreq=2. Even in release 8, other interRAT test cases also exercise gap sharing performance with Nfreq=2, such as “A.8.11.3. E-UTRAN FDD-FDD Inter-frequency and UTRAN FDD event triggered reporting under fading propagation conditions”, this may not be a critical problem, especially as the test case with 3 E-UTRA carriers can be executed by the same UE on a different band for a multiband UE. So for this case we would agree with TSG RAN WG5 recommendation that three cell inter-frequency test cases should be applicable only for bands that are at least 30 MHz width.
Proposal 1: Three cell inter-frequency test cases should be applicable only for bands that are at least 30 MHz width.
Considering bands of between 10 and 20MHz width, some more detailed analysis is needed. Our view is that many of the RRM tests are concerned with ensuring the performance of UE algorithms for processing measurements both in baseband hardware and in the higher layers. Hence it seems rather unlikely, for example, that cell reselection delay, handover interruption time, or event triggered reporting delay would be markedly different on any particular band that the UE supported. As most RRM test cases are using a default bandwidth of 10MHz despite the core requirements being applicable at other system bandwidths, there is already an implicit assumption that the outcome of an RRM test does not depend on the exact RF configuration. It is true that there are different side conditions for RRM core requirements such as cell detection dependent on band, but this principally relates to the receiver sensitivity/noise floor which is impacting also to intra-frequency RRM testing and other 36.101 requirements.
Since most E-UTRA UE are likely to be multiband to facilitate roaming, TSG RAN WG5 recommendation that two cell inter-frequency test cases should be applicable only for bands that are at least 20 MHz width seems reasonable in many cases.
While cross band approach which was presented in the attachment of [1] could be considered, a few disadvantages of this approach are
· In general, the set of bands supported in a UE is a commercial decision. Therefore it may be hard to envisage the combinations of bands that future products are going to support, and the picture may change with time. In turn this makes it difficult to anticipate all the combinations of bands that should be reasonably supported on test equipment.
· In general, we think that test case validations should need to be done for the test equipment on every reasonable combination of bands before the test case can then be considered for certification on that band combination since the signalling needs to be changed (at least band indications in all signalled messages need to be changed) and RF test levels could be impacted (due to different side conditions in requirements etc).
· There are a huge number of possible combinations of two (or three) bands, and it does not seem feasible to validate tests on all theoretical combinations, especially thinking that additional bands are likely to be defined in future releases.

· Due to the fact that RRM tests are typically the UE tests with longer execution time, even though RRM requirements are applicable on all bands, and all cross band combinations, in practice it makes sense to limit tested combinations to those needed to ensure reasonable coverage.

For this reason, we believe that the recommendation of RAN5 that two cell inter-frequency test cases should be applicable only for bands that are at least 20 MHz width seems to be a good one. However, there was some desire expressed in RAN4#53 to explore further the cross-band option.

In general due to the aforementioned disadvantages, we see a need to limit the amount of crossband testing that is done if RAN4 does not feel that the recommendation of TSG RAN WG5 in [1] is sufficient in itself. However, one specific performance requirement which could be considered to have band specific performance implication would be measurement accuracy requirements, due perhaps to different RF filter or other RF gain calibration issues.
We note that a somewhat similar approach has been adopted by GCF for UTRA band VIII certifications, were only a subset of all possible RRM tests are validated as all band VIII UE are assumed to support and be certified on UTRA band I.  As shown in table 2, the subset that has been selected by GCF is consisting only of measurement accuracy tests, from section 8.7.x.x.x of 34.121-1.
	8.7.1.1.1
	Measurements Performance Requirements / CPICH RSCP / Intra frequency measurement...
	34.121

	8.7.1.1.2
	Measurements Performance Requirements / CPICH RSCP / Intra frequency measurement...
	34.121

	8.7.1.2.1
	Measurements Performance Requirements / CPICH RSCP / Inter frequency measurement...
	34.121

	8.7.2.1.1
	Measurements Performance Requirements /CPICH Ec/Io / Intra frequency measurement...
	34.121

	8.7.2.1.2
	Measurements Performance Requirements /CPICH Ec/Io / Intra frequency measurement...
	34.121

	8.7.2.2.2
	Measurements Performance Requirements /CPICH Ec/Io / Inter frequency measurement...
	34.121

	8.7.3.1
	Measurements Performance Requirements / UTRA Carrier RSSI / Absolute measurement...
	34.121

	8.7.4.1
	Measurements Performance Requirements / SFN-CFN observed time difference / Intra...
	34.121

	8.7.4.2
	Measurements Performance Requirements /SFN-CFN observed time difference /Inter f...
	34.121

	8.7.5.1
	Measurements Performance Requirements / SFN-SFN observed time difference / SFN-S...
	34.121

	8.7.6.1
	Measurements Performance Requirements / UE Rx-Tx time difference / UE Rx-Tx time...
	34.121


Table 2 : RRM tests included in GCF WI#38 (validated test cases for band 8)
 Hence it could be considered if a similar approach would be applicable in this case, and that the test cases in table 3 could be run in inter band configuration to confirm the basic measurement accuracy
	A.9.1.3
	Measurement performance requirements: RSRP accuracy: FDD—FDD Inter frequency case

	A.9.1.4
	Measurement performance requirements: RSRP accuracy: TDD—TDD Inter frequency case

	A.9.2.3
	Measurement performance requirements: RSRQ accuracy: FDD—FDD Inter frequency case

	A.9.2.4
	Measurement performance requirements: RSRQ accuracy: TDD—TDD Inter frequency case


Table 3 : Possible candidate tests for cross band testing, if cross band approach is required
In addition we think that it makes more sense that the target (neighbour) cell is on the band of interest, and the serving cell may be on any other frequency that the UE supports. This should perhaps be clarified when RAN4 and RAN5 talk about cross band testing.
Proposal 2: Cross band testing to cover 2 carrier frequency test cases may be considered for cases A.9.1.3, A.9.1.4, A.9.2.3 and A.9.2.4, which are identified as corresponding to core requirements which may have a band dependent component. 
Proposal 3 : If cross band testing is done in this way, these tests can be used with the target (neighbour) cell is on the band of interest, and the serving cell may be on any other frequency that the UE supports.
3. Conclusions

This contribution has provided further analysis on the RRM tests where the width of the band is not sufficient to support either 2 or 3 interfrequency cells.

Based on the discussion, we found that

· A significant number of RRM tests can be run on any E-UTRA band (eg ~81% if considering the full set of tests defined in 36.133 annex A)

· We consider that many of the RRM functionalities depend on baseband hardware for performing measurements and algorithms for filtering and processing the results. So, provided that they meet basic RF sensitivity requirements on all bands, multiband UE could be expected to give quite similar RRM performance on all bands

· One area which could be considered if further testing is needed is measurement accuracy tests
Especially the large number of band combinations which can arise, we think it is necessary to limit the number of tests which are considered to be run in cross band configurations. We presented discussions which lead to the following proposals.
Proposal 1: Three cell inter-frequency test cases should be applicable only for bands that are at least 30 MHz width.
Proposal 2: Cross band testing to cover 2 carrier frequency test cases may be considered for cases A.9.1.3, A.9.1.4, A.9.2.3 and A.9.2.4, which are identified as corresponding to core requirements which may have a band dependent component. 

Proposal 3 : If cross band testing is done in this way, these tests can be used with the target (neighbour) cell is on the band of interest, and the serving cell may be on any other frequency that the UE supports.
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5. Annex A : Band analysis

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode
	Band Size (MHz)

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD
	60

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD
	60

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD
	75

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD
	45

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD
	25

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD
	10

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD
	70

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD
	35

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD
	35

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD
	60

	11
	1427.9 MHz 
	–
	1447.9 MHz 
	1475.9 MHz  
	–
	1495.9 MHz 
	FDD
	20

	12
	698 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	FDD
	18

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD
	10

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD
	10

	15
	Reserved
	
	
	Reserved
	
	
	FDD
	#VALUE!

	16
	Reserved
	
	
	Reserved
	
	
	FDD
	#VALUE!

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD
	12

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD
	15

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD
	15

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD
	30

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD
	15

	...
	
	
	
	
	
	
	
	0

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD
	20

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD
	15

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD
	60

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD
	60

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD
	20

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD
	50

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD
	40

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD
	100

	Note 1: Band 6 is not applicable


TSG WG RAN5 kindly asks TSG WG RAN4 to do the following:





To review the different options described in R5-095978 attached and the observations listed above.





RAN WG4 discussed the option of reducing the channel bandwidth to 5MHz, but as this would be a significant amount of work and would not cover all the scenarios, we do not consider this to be a good way forward.





Regarding the applicability of inter-frequency test cases to inter-band, the RRM inter-frequency requirements apply to both intra-band and inter-band cases.  In the event that it is concluded that the recommendation in R4-094722 is not an acceptable way forward, RAN4 believes this inter-band approach may be considered.





To consider TSG RAN WG5’s recommendation and to let TSG RAN WG5 know whether it is considered an acceptable way forward.





RAN4 has not yet completed the analysis to conclude on whether this recommendation is an acceptable way forward.  It is hoped that this RAN4 analysis can be completed by RAN4#54, and RAN4 will inform RAN5 of the outcome.








