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1. Introduction
The RRM core requirements for Dual Connectivity (DC) were completed in the last RAN4 meeting and the core part of the DC WI was closed in the last RAN plenary meeting. The remaining work is developing test requirements in order to verify the correct behaviour of DC capable UEs. In order to facilitate the work for developing the test requirements, we propose the work plan in [1]. In this contribution, based on our proposed work plan, we identify the necessity of each test case and propose the test purposes for DC.
2. Necessity of test requirements for DC
DC is similar to CA in terms of aggregating multiple component carriers. A part of features of DC is the same as those of CA. Since Rel-12 DC capable UEs have 2UL/2DL CA capability as well, it is guaranteed that the DC capable UEs are surely able to pass the tests specified for 2UL/2DL CA capable UEs. This means that it doesn’t always need to introduce new test requirements for verifying the same requirements of CA. 
On the other hand, several new fundamental features of DC were introduced. Main new features are listed as below;

· Random access on PSCell
· Transmit timing in psTAG
· Radio link monitoring on PSCell

· PSCell addition and release

· Maximum receive timing difference between PCell and PSCell
· Interruption on PCell and PSCell
· Measurement for PCell and PSCell
In order to verify the appropriate UE behaviors related to the above new features of DC, new test requirements for DC capable UEs shall be introduced. 

Proposal 1: Test requirements for verifying the appropriate UE behaviors related to the new features of DC are needed.

3. Test Purpose for each features of DC 
3.1. Random access on PSCell

In DC, the requirements of the random access procedure for PSCell are specified. These requirements, however, are the same as those for PCell. This means that the existing test cases would be able to indirectly verify the correct UE behavior related to the random access procedure for PSCell. It, therefore, would not need to introduce the new test cases for this feature.
Observation 1: Existing test cases for 2UL/2DL CA would be able to indirectly verify the correct UE behavior related to the random access for PSCell.
3.2. Transmit timing in psTAG

In DC, the psTAG is defined as the sTAG which contains the PSCell and the requirements of the transmit timing in psTAG are specified. These requirements, however, are the same as those for pTAG and sTAG. This means that the existing test cases would be able to indirectly verify the correct UE behavior related to the transmit timing in psTAG. It, therefore, would not need to introduce the new test cases for this feature
Observation 2: Existing test cases for 2UL/2DL CA would be able to indirectly verify the correct UE behavior related to the transmit timing in psTAG.

3.3. Radio link monitoring on PSCell 
In DC, the requirements of the radio link monitoring are specified for both the PCell and the PSCell. The out-of-sync and in-sync evaluations of the PCell and PSCell depend on the down link radio quality of the PCell and the PSCell, respectively and they are carried out independently. In addition, MCG’s DRX configuration and SCG’s DRX configuration are applied for the PCell and the PSCell RLM evaluations, respectively, when DRX is used. Moreover, the new timer, T313, is defined for detecting physical layer problems of the PSCell. Although a UE needs to turn off the transmission power of both PCell and PSCell after expiry of T310, it needs to turn off the transmission power of only the PSCell after expiry of T313. These are definitely new features and the existing test cases for 2UL/2DL CA cannot verify them. This means that the new test cases verifying them are needed. 
Proposal 2: New test cases which can verify the following RLM requirements shall be introduced;

· RLM evaluations of the PCell and PSCell depend on the DL radio quality of the PCell and the PSCell, respectively.

· RLM evaluations of the PCell and PSCell are carried out independently.

· MCG’s and SCG’s DRX configurations are applied for the PCell and the PSCell RLM evaluations, respectively.

· Only the PSCell transmission power is turned off after expiry of T313
3.4. PSCell addition and release
In DC, the requirements for PSCell addition and release delay are specified. These are new features and the existing test cases for 2UL/2DL CA cannot verify them. This means that the new test cases verifying them are needed. 
In addition, The PSCell addition delay requirement consists of the following factors;

(1) PSCell configuration delay (15ms)

(2) PSCell activation delay

(3) SFN acquisition delay (up to 50ms)

(4) Delay uncertainty due to PCell PRACH preamble transmission

(5) Delay uncertainty in acquiring the first available PRACH occasion in the PSCell.
Although (1) is the fixed values, the value of (2) depends on whether the PSCell is a known cell or not, and the values of (3) and (5) depend on whether the PRACH configuration of PSCell is “any” or not, and the value of (4) depends on whether the PSCell PRACH preamble transmission is interrupted by the PCell PRACH preamble transmission or not. Regarding the (2), since the existing test cases for SCell activation of CA can verify the correct behaviour in both a known and un-known cell cases, it would not need to take both a known and un-known cell cases into account in DC test cases. Regarding the (3) and (5), if the PRACH configuration of PSCell is “any” then the SFN acquisition is not needed, otherwise (that is, “even”) it is needed. This means that the both test cases where the PRACH configuration of the PSCell is “any” and “even” shall be introduced as we discussed in the RAN4 #72 meeting [2]. Regarding the (4), since it would be a rare case that the PSCell PRACH preamble transmission is interrupted by the PCell PRACH preamble transmission, it is better to prioritize the case where the PSCell PRACH preamble transmission is NOT interrupted.
Proposal 3: New test cases which can verify the PSCell addition and release delay requirements shall be introduced. The UE behaviours shall be verified in both cases of PRACH configuration “any” and “even”.

3.5. Maximum receive timing difference

In DC, the requirements of the maximum received timing difference between PCell and PSCell which a UE shall cope with are specified. Since this aspect is verified in the UE demodulation test, it doesn’t need to introduce the new RRM test cases.
Observation 3: Demodulation test cases for DC will be able to verify the correct UE behavior related to the maximum receive timing difference between PCell and PSCell.

3.6. Interruption

In DC, the requirements of the interruption on the PCell due to the PSCell addition and release are specified. The requirements in synchronous DC differ from those in asynchronous DC. This means that the new test cases verifying the requirements for both synchronous DC and asynchronous DC are needed. 
In addition, the requirements of the interruption on the PCell and the PSCell due to the transitions between active and non-active during DRX and due to the transitions from non-DRX to DRX state are specified. These are new features and the existing test cases cannot verify them. This means that the new test cases verifying them are needed.
Proposal 4: New test cases which can verify the interruption on the PCell due to the PSCell addition and release requirements for both synchronous DC and asynchronous DC shall be introduced.

Proposal 5: New test cases which can verify the following interruption requirements shall be introduced.

· Interruption on the PCell and the PSCell due to the transitions between active and non-active during DRX
· Interruption on the PCell and the PSCell due to the transitions from non-DRX to DRX
3.7. Measurement GAP

In DC, the requirements of the common measurement GAP on MCG and SCG are specified. This means that the time from the start of tuning to the end of retuning for inter frequency/RAT measurement is completely aligned between MCG and SCG, even if the measurement GAP starts from the middle of the subframe of SCG in asynchronous DC. If measurement GAP is not aligned between MCG and SCG, it may cause performance degradation due to the interruption in asynchronous DC. Note that the details were analyzed in [3]. It therefore needs to introduce the new test cased for verifying the correct UE behavior related to the common measurement GAP.
In addition, the requirements of the intra frequency, inter frequency, and inter RAT measurement are specified. Unlike CA, the PCell and PSCell intra frequency requirements depend on the MCG DRX and SCG DRX, respectively, and the inter frequency/RAT requirements depend on the MCG DRX regardless of the SCG DRX. These are new features and the existing test cases cannot verify them. This means that the new test cases verifying them are needed. 

Proposal 6: New test cases which can verify the common measurement GAP requirements for asynchronous DC shall be introduced.

Proposal 7: New test cases which can verify the following measurement requirements shall be introduced;

· Both PCell and PSCell intra frequency measurements.
· Inter frequency/RAT measurements.
4. Bandwidth
DC configurations and bandwidth combination sets are defined in TS 36.101 5.6C.1 as shown in the table in Annex A. This table shows that all DC configurations have the 10MHz + 10MHz bandwidth combination except for DC_39A-41A. We therefore suggest that we focus the 10MHz + 10MHz case when we discuss the detail of each test, and that we introduce the 10MHz + 20MHz case based on the 10MHz + 10MHz case. 

Proposal 8: 10MHz + 10MHz cases should be focused when we discuss the detail of each test. After specifying 10MHz + 10MHz cases, 10MHz + 20MHz cases are introduced based on 10MHz + 10MHz cases.

5. Conclusion

In this contribution, based on our proposed work plan [1], we analysed the necessary test cases for DC and proposed the test purposes. Our proposals and observations are as below; 
Proposal 1: Test requirements for verifying the appropriate UE behaviors related to the new features of DC are needed.

Observation 1: Existing test cases for 2UL/2DL CA would be able to indirectly verify the correct UE behavior related to the random access for PSCell.

Observation 2: Existing test cases for 2UL/2DL CA would be able to indirectly verify the correct UE behavior related to the transmit timing in psTAG.

Proposal 2: New test cases which can verify the following RLM requirements shall be introduced;

· RLM evaluations of the PCell and PSCell depend on the DL radio quality of the PCell and the PSCell, respectively.

· RLM evaluations of the PCell and PSCell are carried out independently.

· MCG’s and SCG’s DRX configurations are applied for the PCell and the PSCell RLM evaluations, respectively.

· Only the PSCell transmission power is turned off after expiry of T313
Proposal 3: New test cases which can verify the PSCell addition and release delay requirements shall be introduced. The UE behaviours shall be verified in both cases of PRACH configuration “any” and “even”.

Observation 3: Demodulation test cases for DC will be able to verify the correct UE behavior related to the maximum receive timing difference between PCell and PSCell.

Proposal 4: New test cases which can verify the interruption on the PCell due to the PSCell addition and release requirements for both synchronous DC and asynchronous DC shall be introduced.

Proposal 5: New test cases which can verify the following interruption requirements shall be introduced.

· Interruption on the PCell and the PSCell due to the transitions between active and non-active during DRX
· Interruption on the PCell and the PSCell due to the transitions from non-DRX to DRX
Proposal 6: New test cases which can verify the common measurement GAP requirements for asynchronous DC shall be introduced.

Proposal 7: New test cases which can verify the following measurement requirements shall be introduced;

· Both PCell and PSCell intra frequency measurements.
· Inter frequency/RAT measurements.
Proposal 8: 10MHz + 10MHz cases should be focused when we discuss the detail of each test. After specifying 10MHz + 10MHz cases, 10MHz + 20MHz cases are introduced based on 10MHz + 10MHz cases.
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Annex A

Table 5.6C.1-1: E-UTRA DC configurations and bandwidth combination sets defined for inter-band DC (two bands)

	E-UTRA DC configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	DC_1A-3A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	DC_1A-7A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	DC_1A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	DC_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_2A-4A
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	4
	
	
	Yes
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	2

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_2A-13A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	DC_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	5
	
	
	Yes
	Yes
	
	
	
	

	DC_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	DC_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	DC_3A-19A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_3A-26A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	

	
	3
	
	
	Yes
	Yes
	
	
	20
	1

	
	26
	
	
	Yes
	Yes
	
	
	
	

	DC_4A-7A
	4
	
	
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	12
	
	Yes
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	3

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	4

	
	12
	
	
	Yes
	Yes
	
	
	
	

	DC_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	DC_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	DC_5A-7A
	5
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	DC_5A -12A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	DC_5A-17A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	DC_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_7A-28A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	28
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_19A-21A
	19
	
	
	Yes
	Yes
	Yes
	
	30
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_39A-41A
	39
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	41
	
	
	
	
	
	Yes
	
	

	NOTE 1:
Requirements for the dual connectivity configurations are defined in the section corresponding E-UTRA uplink CA configurations, unless otherwise specified.

NOTE 2:
For TDD inter-band dual connectivity configurations, requirements are applicable only for synchronous operation.
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