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1 Introduction
The RRM test cases to verify CA related RRM requirements have recently been defined in TS 36.133 Rel-10 [1]. In all these tests the channel bandwidths of both PCell and SCell is 10 MHz since until now all inter-band CA scenarios in release 10 and release 11 support 10 MHz channel BW on both bands. 
In this paper we discuss the need for developing CA test cases also for 20 MHz channel BW of PCell and SCell to ensure that release 10 intra-band CA scenarios are also tested. 

2 Summary of Current CA RRM Tests
The following RRM set of test cases to verify CA specific RRM requirements was introduced in TS 36.133 Rel-10 based on the agreed test case list [2]:
· Cell identification of deactivated SCell
· Cell identification of deactivated SCell and interruption probability
· RSRP measurement accuracy tests

· RSRQ measurement accuracy tests

· RSTD measurement reporting tests
· RSTD measurement accuracy tests

All the above set of tests is defined for both E-UTRAN FDD and TDD. The RRM requirements which are specified only for PCell (e.g. RLM, handover etc) are tested by the legacy tests in single carrier operating mode.

In the above CA tests channel BW of both PCell and SCell is 10 MHz. This was chosen since most CA scenarios are inter-band CA which support 10 MHz channel BW on each band. However during the CA test development phase it was noted as quoted below that CA tests for 20 MHz channel BW of PCell and SCell will also be developed if needed [2]:
Note 1:  The need for developing similar tests for CC BW = 20 MHz if required only for intra-band CA is FFS 
3 Channel BW of CC in CA Scenarios
3.1 Release 10

In release 10 the UE RF requirements which are defined for intra-band contiguous CA and inter-band CA scenarios are shown in table 1 and table 2 respectively. These tables are reproduced from TS 36.101, release 10. 
It is obvious from Table 1 that none of the intra-band contiguous CA supports 10 MHz channel BW on both carriers (i.e. PCell and SCell). This means UE supporting intra-band CA in band 1 or band 40 cannot be tested to verify their compliance to the CA specific RRM requirements. The current CA tests based on 10 MHz CC BW however will cover all inter-band CA combinations in release 10.  
Table 1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA
	E-UTRA CA configuration / Bandwidth combination set

	CA Configuration
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB

(15 MHz + 15 MHz)
	100RB+100RB

(20 MHz + 20 MHz)
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA_1C
	
	Yes
	Yes
	40
	0

	CA_40C
	Yes
	Yes
	Yes
	40
	0

	NOTE 1:
The CA Configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 2: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	E-UTRA bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


3.2 Release 11

In release 11 the UE RF requirements which are defined for intra-band contiguous CA and inter-band CA scenarios are shown in table 3 and table 4 respectively. It is also evident from table 3 that none of the intra-band contiguous CA supports 10 MHz channel BW on both carriers. However all of them support 10 MHz BW on both carriers. On the contrary all inter-band CA support 10 MHz channel BW on both carriers.  
Table 3: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA

	CA Configuration / NRB_agg

	CA Configuration
	E-UTRA Band
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB (15 MHz + 15 MHz)
	75RB+100RB

(15MHz + 20 MHz)
	100RB+100RB

(20 MHz + 20 MHz)
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA_1C
	1
	
	Yes
	
	Yes
	40
	0

	CA_7C
	7
	
	Yes
	
	Yes
	
	

	CA_38C
	38
	
	Yes
	
	Yes
	
	

	CA_40C
	40
	Yes
	Yes
	
	Yes
	40
	0

	CA_41C
	41
	Yes
	Yes
	Yes
	Yes
	40
	0

	NOTE 1:
The CA Configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 4: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

	CA operating / Channel bandwidth

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	
	

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	
	

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	
	20
	
	
	Yes
	Yes
	
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


3.3 Future Releases
The release 12 WI inter-band CA WI on band 38 and band 39 supports 20 MHz and not 10 MHz channel BW on both bands [2]. 
	CA operating / Channel bandwidth

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_38A-39A
	38
	
	
	
	
	
	Yes

	
	39
	
	
	
	Yes
	Yes
	Yes


4 Summary of Discussion  
In it is observed from the analysis in section 3 that:

· In order to ensure all CA scenarios from release 10 onwards are tested to meet the CA RRM requirements, there is a need to define the CA RRM tests with 20 MHz channel BW in addition to the existing tests based on 10 MHz channel BW. 
· There are both FDD and TDD CA scenarios which support 10 MHz and 20 MHz channel BW per CC. 

· Although most inter-band contiguous CA support 10 MHz on both bands but there are also inter-band CA with 20 MHz channel BW. 

5 Work Required for CA RRM Tests with 20 MHz Channel BW
The CA RRM tests with 20 MHz channel BW per CC will in principle be very similar to the existing CA RRM tests i.e. for 10 MHz channel BW per CC. There will be following main differences:
· Signal levels (e.g. Io) which are BW dependent will be different

· New OCNG patterns for 20 MHz for both FDD and TDD need to be defined
6 Proposed Way Forward
Based on the discussion in the preceding sections we propose the following way forward.
· All CA tests defined for 10 MHz per CC are also developed for 20 MHz per CC for both FDD and TDD; they are introduced in release 10.
· The RRM tests should not be linked to any particular type of CA. Rather CA capable UE should pass the CA tests according to its BW capability.
· CA capable UE supporting more than one BW set (e.g. 10 MHz per CC and also 20 MHz per CC) is tested only according to one of its supported BW set. This could be captured as note in TS 36.133.  
· RAN4 agrees on CA RRM test case list (i.e. for 20 MHz channel per CC) in RAN4#65 to kick off the work. The new tests should cover the same tests scenarios as in [2].
7 Conclusions

In this paper we have addressed the need for defining CA RRM test cases with 20 MHz channel BW on both PCell and SCell to ensure that all existing CA scenarios are tested. The support of 20 MHz in addition to existing 10 MHz channel BW in CA RRM tests will also ensure that all on going CA scenarios are tested.
If the proposed way forward is agreed then Ericsson volunteers to provide the CA test case list for the corresponding tests in the next meeting.
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