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1 Introduction
In last RAN4 meeting the core requirements of dual connectivity was finalized. From now on, the work on performance part shall be carried out. In this contribution, we provide the preliminary analysis on the test methodology for DC.
2 Summary of Dual connectivity requirements
In TS 36.133 c60, the following RRM core requirements are introduced for dual connectivity.
6.2 Random Access

7.1 UE transmit timing

7.6 RLM

7.12 Interruption
7.13 Cell phase accuracy (synchronized mode) 
7.14 PSCell addition and release delay
7.15 Maximum Receive Timing Difference 

8.1.2 Measurement gap

8.8 Intra-frequency and inter-frequency measurement
3 Test cases needed
In dual connectivity core requirements, both PCell and PSCell requirements are defined completely. In order to reduce the test case number, the introduced test cases mainly focus on PSCell since majority requirements of PCell could be verified in legacy single carrier test cases.
· Random Access
Contention based random access procedures can only be carried out on PCell and PSCell, while non-contention based random access procedures can be carried out on PCell, an activated SCell, and PSCell. In addition, PSCell RACH requirements are defined as legacy requirements. We suggest that both contention based random access test and non-contention based random access test for PSCell shall be verified.

· E-UTRAN FDD –Contention Based Random Access Test For PScell
· E-UTRAN FDD – Non-Contention Based Random Access Test For PSCell
· E-UTRAN TDD –Contention Based Random Access Test For PScell
· E-UTRAN TDD – Non-Contention Based Random Access Test For PSCell
Proposal 1: Both contention based random access test and non-contention based random access test for PSCell shall be defined.
· UE transmit timing

In pTAG UE shall use the PCell as the reference cell for deriving the UE transmit timing for pTAG, and in sTAG UE shall use the PSCell as the reference cell for deriving the UE transmit timing for sTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are as legacy requirements. 

So the UE transmit timing accuracy tests for PSCell in sTAG shall be verified.
· E-UTRAN FDD – UE Transmit Timing Accuracy Tests for PSCell in sTAG
· E-UTRAN TDD – UE Transmit Timing Accuracy Tests for PSCell in sTAG
Proposal2: UE Transmit Timing Accuracy Tests for PSCell in sTAG shall be defined.
· RLM
	- RLM detection is carried out in PCell in MCG and pSCell in SCG. 
- The separate DRX configuration could be applied for defining Qout and Qin evaluation period, i.e., MCG’s DRX configuration is applied for PCell and SCG’s DRX configuration is applied for PSCell.
- Transmitter behaviour
      The transmitter power of PSCell if configured shall be turned off within 40 ms after expiry of  T313  and the transmitter power of the UE shall be turned off within 40 ms after expiry of  T310 


In order to verify the above requirements, the test for out-of- sync and in –sync in DRX for PSCell shall be defined. The transmitter behaviour requirement for PSCell could be verified in out-of-sync test for PSCell as well.
· E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync in DRX for PSCell

· E-UTRAN FDD Radio Link Monitoring Test for In-sync in DRX for PSCell

· E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync in DRX for PSCell

· E-UTRAN TDD Radio Link Monitoring Test for In-sync in DRX for PSCell

Proposal3: Tests for out-of- sync and in –sync in DRX for PSCell shall be defined.
· Interruption
	- Interruptions at PSCell configuration
· Each interruption shall not exceed [1] subframe in synchronous dual connectivity 
· Each interruption shall not exceed [2] subframes in asynchronous dual connectivity
- Interruptions at transitions between active and non-active during DRX
· Up to [1]% probability of missed ACK/NACK when the configured PSCell DRX cycle is less than [640] ms, and [0.625]% probability of missed ACK/NACK is allowed when the configured PSCell DRX cycle is [640] ms or longer. 
· Each interruption shall not exceed [1] subframe 
- Interruptions at transitions from non-DRX to DRX 
· Each interruption shall not exceed [1] subframe 


In the current specification, the CA interruption requirements are verified in the test case of event triggered reporting on deactivated SCell with PCell interruption. For dual connectivity, since individual DRX state and cycle are configured on PCell and PSCell, the interruptions happen when DRX procedure is performed. So we suggest that the individual test case for interruptions shall be introduced in dual connectivity. 
· E-UTRAN FDD Interruptions at transitions between active and non-active during DRX in asynchronous dual connectivity
· E-UTRAN TDD Interruptions at transitions between active and non-active during DRX in asynchronous dual connectivity
In the interruption test case, both DRX cycles less than and larger than [640]ms shall be configured in order to verified different missed ACK/NACK percentage. As we know the asynchronous dual connectivity scenario is more severe for interruption, so the test cases could be defined for asynchronised case. 
 The following configuration parameters are given:

Number of cells = 2.

Cell1 = PCell

Cell2 = PSCell.
Received timing difference: 50us
Test times: T1 =12.8s
Number of test: 2
DRX configuration on PSCell in test 1: 160ms
DRX configuration on PSCell in test 2:1280ms 
The UE shall be scheduled on PCell continuously throughout the test. From the start of T1 until end to T1, for test 1 at least 99% of all expected ACK/NACKs shall be transmitted by the UE. From the start of T1 until end to T1, for test 2 at least 99.375% of all expected ACK/NACKs shall be transmitted by the UE.

Propagation Condition: AWGN.
Proposal4: Interruptions at transitions between active and non-active during DRX in asynchronous dual connectivity shall be defined.
· PSCell addition and release delay

	PSCell addition delay 
Tconfig_PSCell = 15ms + Tactivation_time + 50ms + TPCell_ DU + TPSCell_ DU
 PSCell release delay 
     Upon receiving PSCell release in subframe n, the UE shall accomplish the release no later than in subframe n+[17]. 


In dual connectivity the PSCell addition procedure distinguish with SCell activation procedure since PCell delay uncertainty due to PCell PRACH preamble transition and PSCell delay uncertainty due to acquire the first available PRACH occasion are also considered. The PSCell activation is more alike handover delay in section 5. We suggest that PSCell addition delay requirements shall be verified. 
· E-UTRAN FDD known PSCell addition and release delay in asynchronous DC

· E-UTRAN FDD unknown PSCell addition and release delay in asynchronous DC
· E-UTRAN TDD known PSCell addition and release delay in asynchronous DC
· E-UTRAN TDD unknown PSCell addition and release delay in asynchronous DC
Proposal5: Tests for PSCell addition and release delay shall be defined.
Table 1: PSCell addition delay

	Delay Items
	Subframe level sync (up to 33us)
	Subframe level async (up to 500us)

	
	Known pSCell
	Unknown pSCell
	Known pSCell
	Unknown pSCell

	RRC Procedure
	15
	15
	15
	15

	pSCell activation time 
	20ms
	30ms
	20ms
	30ms

	SFN acquisition
	50
	50
	50
	50

	Pcell RACH uncertainty
	20
	20
	20
	20

	PScell RACH uncertainty
	30
	30
	30
	30


PSCell addition delay includes 5 items as shown in Table.1. In order to design PSCell addition delay test case, the following aspect shall be considered.
1) Both known PSCell and unknown PSCell case shall be considered.
2) Asynchronous and synchronous scenario shall be verified. In order to limit the test case number, the asynchronous scenario can be considered.
3) Both the SFN acquisition and PSCell RACH uncertainty time are taken for performing RACH access in PSCell.

4) PCell RACH uncertainty is due to PCell PRACH preamble transition during the PSCell addition procedure. As we analysed [1], the case happened when the UE has no valid PUCCH resource for SR configured, then initiate a Random Access procedure on the PCell. So when UE receive the PSCell configuration signalling, UE shall perform PCell RACH procedure simultaneously in the test designing. The detailed parameters need further discussion.
· Intra-frequency measurements
PCell and PSCell intra-frequency measurements shall meet legacy applicable requirements, and if the DRX is in use, then
· PCell follow MCG DRX cycle
· PSCell follow SCG DRX cycle
So the reporting delay test on PSCell when DRX is used shall be defined.
· E-UTRAN FDD intra-frequency event triggered reporting with DRX in asynchronous DC

· E-UTRAN TDD intra-frequency event triggered reporting with DRX in asynchronous DC
Proposal6: Tests for intra-frequency event triggered reporting with DRX in asynchronous DC shall be defined.

The following configuration parameters are given:

· Number of cells = 3.

· PCell = cell1; PSCell = cell2; SCell1= cell3;

· Cell1 on F1

· Cell2 and Cell 3 on F2

· Cell BW = 10 MHz (all cells)

· Receive timing difference between subframe timing boundaries of the PCell and PSCell: 50us

· DRX cycle on PCell: 40ms

· DRX cycle on PSCell: 1280ms

· A2 and A3 events to verify.
· A3 event is set (Neighbour becomes better than PSCell)
· Test times: T1, T2 and T3.

· Propagation: ETU70.
· Inter-frequency measurements

The measurement gap and total interruption time in dual connectivity are defined. 
In synchronous DC, measurement gap and total interruption time in SCG is aligned, however they are mis-aligned in asynchronous DC as shown in Figure 8.1.2.1-1 in TS 36.133. So we suggest test cases for asynchronous shall be considered. In addition, if MCG DRX is in use, then MCG DRX cycle is used for determining the requirement of the inter-frequency measurement accuracy. So the different DRX configuration on PCell and PSCell shall be verified.
· E-UTRAN FDD inter-frequency event triggered reporting with DRX in asynchronous DC
· E-UTRAN TDD inter-frequency event triggered reporting with DRX in asynchronous DC
Proposal7: Tests for inter-frequency event triggered reporting with DRX in asynchronous DC shall be defined.
The following configuration parameters are given:

· Number of cells = 3.

· PCell = cell1; PSCell = cell2; neighbour cell= cell3;

· Cell1 on F1

· Cell2 on F2
· Cell3 on F3
· Cell BW = 10 MHz (all cells)

· Receive timing difference between subframe timing boundaries of the PCell and PSCell: 50us
· Gap Pattern Id: 0

· DRX cycle on PCell: 40ms

· DRX cycle on PSCell: 1280ms

· A3 event (Neighbour becomes better than PSCell) to verify.
· Test times: T1, T2 and T3.

· Propagation: ETU70.
4 Conclusion
This contribution provides the preliminary analysis on the dual connectivity test methodology. The following proposals are given:

Proposal 1: Both contention based random access test and non-contention based random access test for PSCell shall be defined.
Proposal2: UE Transmit Timing Accuracy Tests for PSCell in sTAG shall be defined.

Proposal3: Tests for out-of-sync and in –sync in DRX for PSCell shall be defined.
Proposal4: Interruptions at transitions between active and non-active during DRX in asynchronous dual connectivity shall be defined.

Proposal5: Tests for PSCell addition and release delay shall be defined.
Proposal6: Tests for intra-frequency event triggered reporting with DRX in asynchronous DC shall be defined.

Proposal7: Tests for inter-frequency event triggered reporting with DRX in asynchronous DC shall be defined.
The test list is provided in [R4-150272].
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