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1 Introduction

The RRM requirements for 3 DL CA have been agreed. A WF for developing RRM tests for 3 DL CA was also approved in the last meeting [1]. 
In this paper we further analyse the necessary test cases needed for 3 DL CA in release 12 [2]. The RF core requirements for 3 DL CA exist for band combinations in both duplex modes (FDD and TDD) as well as for combination of duplex modes (i.e. TDD-FDD CA). Therefore RRM tests are needed for 3 DL CA in FDD, 3 DL CA in TDD and 3 DL CA in TDD-FDD.
2 Summary of 3 DL CA RRM requirements
In our view 3 DL CA tests should verify similar RRM requirements verified in 2 DL CA tests. However the tests should also verify additional aspects which are specific to 3 DL CA. In summary the tests should verify the following main set of RRM requirements: 
· measurement delay (i.e. cell identification, RSTD measurement time)
· Interruption probability on PCell and activated SCell
· SCell activation/deactivation delays and 
· Measurement accuracies (e.g. RSRP/RSRQ, RSTD)
3 Type of RRM tests needed for 3 DL CA
It was agreed according to the WF that RAN4 will develop RRM test cases for 3 DL CA in Rel-12 with 3 DL CCs [1]. This means new tests for 3 DL CA will be developed by RAN4. However the UE does not have to pass any of the legacy 2 DL CA tests as also agreed in the WF [1]. In the following sections we discuss details of the test scenarios for 3 DL CA tests.
Cell identification test

In 3 DL CA, the cell identification delay for identifying neighbour cell on PCC or any cell (SCell or neighbour cell) on SCCs with activated or deactivated SCell(s) is the same as the corresponding delays in 2 DL CA. The cell identification delay requirements are band independent. The 3 DL CA test can therefore be an extension of 2 DL CA test by increasing one more deactivated SCell. In the tests both events A2 and A6 are verified: events A2 for PCell and both SCells and event A6 for one of the SCells. In total 4 cells are needed: PCell, SCell1, SCell2 and neighbour cell on SCC2.
· Proposal # 1: New cell identification test for 3 DL CA is extension of the existing test for 2 DL CA. In the test 4 cells are used:  PCell, SCell1, SCell2 and neighbour cell on SCC2.
Serving cell interruption test
The requirement on PCell interruption rate is verified in existing tests for 2 DL CA.  

In case of 3 DL CA the requirement on interruption are defined for both PCell and activated SCell. It might be more interesting to verify PCell interruption rate when both SCells are deactivated in case of 3 DL CA. Another important aspect to test is the interruption rate on activated SCell when the other SCell is deactivated. Both of these requirements can be verified in the same test case. 
· Proposal # 2: The 3 DL CA test on interruption verifies:
· PCell interruption rate when both SCells are deactivated and 
· PCell and SCell interruption rate when the other SCell is deactivated. 
SCell activation and deactivation delay test
The requirement on SCell activation delay and deactivation delay is verified in existing tests for 2 DL CA.  

In case of 3 DL CA, the SCell activation delay is extended in case an SCell is being activated while the other SCell is activated, deactivated, configured or deconfigured by the UE. This is a new aspect and is therefore more interesting to verify for 3 DL CA. In the same test the deactivation delay, which is the same as in release 10, can be verified. In the test case with known SCell, both SCells can be considered known. Also in the case with unknown SCell, both SCells can be considered unknown. Initially in phase I the test case with known SCells can be developed.
· Proposal # 3: The 3 DL CA test verifies:
· SCell activation and deactivation delays while the other SCell is neither activated nor deactivated (similar to legacy 2 DL CA case) and
· SCell activation and deactivation delays for one SCell while the other SCell is activated or deactivated. 
RSRP and RSRQ accuracy tests

The RSRP/RSRQ accuracy requirements for 3 DL CA consist of absolute and relative measurement accuracies. The relative accuracies further consist of relative accuracies between the serving and neighbour cells of the same CC or between cells of different CCs. The accuracy requirements are same as corresponding requirements defined for 2 DL CA.  

The accuracies are also band dependent. Therefore RSRP and RSRQ accuracies need to be verified for 3 DL CA. The 3 DL CA tests will be extension of 2 DL CA by increasing one more SCell. Both SCells preferably have the same signal levels. In total there will be 4 cells in the test: PCell, SCell1, SCell2 and neighbour cell on SCC2.
· Proposal # 4: New RSRP and RSRQ accuracy tests for 3 DL CA are extension of the existing 2 DL CA tests for RSRP and RSRQ i.e. with PCell, 2 SCells and neighbour cell on SCC2. 
RSTD measurement delay tests

The RSTD measurement delay for cells on PCC or any cell (SCell or neighbour cell) on SCCs with activated or deactivated SCell(s) are the same as in case of 2 DL CA. The 3 DL CA test on RSTD measurement delay can therefore be an extension of 2 DL CA test by increasing one more activated SCell. This will lead to 4 cells in the tests: PCell, SCell1, SCell2 and neighbour cell on SCC2. The SCell2 can be a reference cell. The RSTD delay needs to be verified when OTDOA assistance data is received for RSTD measurements on cells on SCC2, on PCell and SCell2 and SCell1 and SCell2.  
RSTD delay test for 2 DL CA is defined only for FDD or TDD CA. Therefore 3 DL CA test for RSTD does not need to be defined for 3 DL CA for TDD-FDD CA. 

· Proposal # 5: 
· New RSTD delay test for 3 DL CA is extension of the existing RSTD test for 2 DL CA. In the test 4 cells are used:  PCell, SCell1, SCell2 and neighbour cell on SCC2. 
· RSTD delay test is defined for the case when all CCs are FDD or TDD. 
RSTD measurement accuracy tests

The accuracy requirements for 3 DL CA are same as corresponding accuracy requirements defined for 2 DL CA.  
The RSTD accuracies are band dependent. Therefore RSTD accuracies need to be verified for 3 DL CA. The 3 DL CA tests will be extension of 2 DL CA by increasing one more SCell. Both SCells preferably have the same signal levels.  In total there will be 4 cells in the test: PCell, SCell1, SCell2 and neighbour cell on SCC2. SCell2 will be the reference cell. The RSTD accuracy needs to be verified for RSTD measurement on SCell2 and neighbour cell on SCC2, and on SCell1 and SCell2. RSTD accuracy test for 2 DL CA is defined only for FDD or TDD CA. Therefore 3 DL CA test for RSTD accuracy does not need to be defined for 3 DL CA for TDD-FDD CA.
· Proposal # 6: 
· New RSTD accuracy tests for 3 DL CA are extension of the existing 2 DL CA tests for RSTD i.e. with PCell, 2 SCells and neighbour cell on SCC2.
· RSTD accuracy test is defined for the case when all CCs are FDD or TDD. 

4 Bandwidth combination

Another important aspect is the bandwidth combination set to be used in the 3 DL CA tests. There is very large number of 3 DL CA combinations. Several of them and corresponding UE RF requirements were introduced in latest version of TS 36.101 v12.5.0. For 3 DL CA with 3 bands all combinations support 10 MHz channel BW on all 3 bands as shown in Annex A. Similar situation exists for all or most 3 DL CA with 2 bands. We therefore suggest that initially 10 MHz channel BW is used in all CCs in Rel-12 3 DL CA tests, where all CCs belong to either FDD or TDD. If needed in future RRM tests with additional BW combinations can be introduced like it was done for 2 DL CA.
· Proposal # 7: In 3 DL CA RRM tests channel BW= 10 MHz is used in each CC. 
5 Summary
In this contribution we have further analyzed the type of RRM tests needed for 3 DL CA (FDD CA, TDD CA and TDD-FDD CA). 

Here is the summary of the main proposals: 
· Proposal # 1: New cell identification test for 3 DL CA is extension of the existing test for 2 DL CA. In the test 4 cells are used:  PCell, SCell1, SCell2 and neighbour cell on SCC2.
· Proposal # 2: The 3 DL CA test on interruption verifies:
· PCell interruption rate when both SCells are deactivated and 
· PCell and SCell interruption rate when the other SCell is deactivated. 
· Proposal # 3: The 3 DL CA test verifies:
· SCell activation and deactivation delays while the other SCell is NOT activated or deactivated (similar to legacy 2 DL CA case) and
· SCell activation and deactivation delays while the other SCell is activated or deactivated. 
· Proposal # 4: New RSRP and RSRQ accuracy tests for 3 DL CA are extension of the existing 2 DL CA tests for RSRP and RSRQ i.e. with PCell, 2 SCells and neighbour cell on SCC2. 
· Proposal # 5: 
· New RSTD delay test for 3 DL CA is extension of the existing RSTD test for 2 DL CA. In the test 4 cells are used:  PCell, SCell1, SCell2 and neighbour cell on SCC2. 
· RSTD delay test is defined for the case when all CCs are FDD or TDD. 
· Proposal # 6: 
· New RSTD accuracy tests for 3 DL CA are extension of the existing 2 DL CA tests for RSTD i.e. with PCell, 2 SCells and neighbour cell on SCC2.
· RSTD accuracy test is defined for the case when all CCs are FDD or TDD. 

· Proposal # 7: In 3 DL CA RRM tests channel BW= 10 MHz is used in each CC. 
Based on the above proposals a list of RRM test cases for 3 DL CA is provided in [3].
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A. Annex
Table 5.6A.1-2a: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA (three bands) [TS 36.101, Rel-12]
	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-3A-5A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	40
	1

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_1A-3A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	8
	
	Yes
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	40
	1

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	8
	
	Yes
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	Yes
	
	40
	2

	
	3
	
	
	Yes
	Yes
	Yes
	
	
	

	
	8
	
	Yes
	Yes
	Yes
	
	
	
	

	CA_1A-3A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	55
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-3A-20A (NOTE 4)
	1
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_1A-5A-7A
	1
	
	
	Yes
	Yes
	
	
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	CA_1A-5A-7A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	CA_1A-7A-20A (NOTE 4)
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_1A-19A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_2A-4A-5A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-4A-12A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-4A-13A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	CA_2A-5A-12A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-5A-30A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-12A-30A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-29A-30A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	29
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-7A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_4A-5A-12A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-5A-30A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-12A-30A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-29A-30A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	29
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	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.

NOTE 4:
A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths specified within each specific combination set of the upper order DL combination.
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