3GPP TSG-RAN WG4 Meeting #78














              R4-160850
St. Julian’s, Malta, 15 – 19 Feb, 2016
Title: 




Discussion on DC enhancement test cases
Source: 
Huawei, HiSilicon
Agenda item:
6.9.2
Document for:
Discussion
1. Introduction

Core requirements of work item Dual Connectivity enhancements for LTE were completed in RAN plenary #70. The agreements were captured in latest work item status report [1]. There were several features in the core requirements, e.g. UE based SFN/subframe reporting, maximum uplink transmission time difference, CGI reading, 3DL CC, and etc. Before going to detail design of test cases, it is necessary to discuss the test case list, and then pick out the representative test cases for TS36.133. 

In this contribution, we provide analysis on test case list for DC enhancements and provide the representative test cases from our perspective.
2. Discussion
We would like to remind that the principle of testing for test cases of synchronous and asynchronous DC has been specified in TS36.133 section A.3.11:

A.3.11
Test Cases for Synchronous and Asynchronous Dual Connectivity

A.3.11.1
Introduction

This clause defines a principle which is applicable to test cases verifying RRM requirements for dual connectivity (DC) operation in synchronous and asynchronous scenarios.

A.3.11.2
Principle of Testing
In Annex A test cases may be defined in both synchronous DC and asynchronous DC scenarios to verify the same RRM requirement. 

If test cases are defined in both synchronous and asynchronous DC scenarios to verify the same RRM requirement then the UE capable of both synchronous and asynchronous DC operations needs to be tested with one of the tests in either synchronous or asynchronous DC scenarios.
Since operators might have different deployment operation, tests for both sync and async DC should be defined. However, it doesn’t mean that UE should execute all the tests according to the testing principle, if the tests are defined to verify the same RRM requriement.

Furthermore, TDD-FDD dual connectivity was introduced in release 13. Considering there will be a mount of test cases, it is necessary to discuss the testing principle for different combination of duplex mode of DC. 

Proposal 1: testing principle for different combination of duplex modes DC should be defined.

A simple way to reduce the testing complexity and work load is proposed in a separated CR [2], which is presented informatively as follow:

<< Start of Change >>
A.3.x Dual connectivity test cases with different combination of duplex mode

A.3.x.1 Introduction
This clause defines a principle which is applicable to test cases verifying RRM requirements for dual connectivity (DC) operation with different combination of duplex modes.
A.3.x.2 Principle of testing

If multiple dual connectivity test cases are defined for different combination of duplex modes (E-UTRA FDD-FDD, E-UTRA TDD-TDD and E-UTRA TDD-FDD) to verify the same RRM requirement which is independent of the combination of duplex mode and is identical for different combination of duplex modes, then from UE the performance point of view the test coverage can be considered fulfilled by executing only the corresponding test case(s) with one of the combination of duplex modes supported by the UE.
<< End of Change >>
As mentioned in section 1, the completed core requirements of this WI comprise the following features:

· UE based SFN/subframe reporting

· Maximum uplink transmission time difference

· CGI reading

· Requirements for 3DL CC

In this section, we provide analysis on test case list for each feature.
2.1. UE based SFN/subframe reporting
2.1.1. Reporting delay
RRM requirements for SSTD reporting for dual connectivity was agreed and captured in CR [3] in RAN4 #77 meeting. According to the core requirement, there are total 14 test cases as list in Table 1. However, in order to limit the testing complexity and work load, some of the braches don’t need test cases since they are similar to other ones. 
Table 1. UE based SFN/subframe reporting test case list

	Combination of duplex mode
	DC mode
	DRX
	Necessity of test case

	FDD-FDD
	Sync
	ON
	Yes

	
	
	OFF
	No

	
	Async
	ON
	Yes

	
	
	OFF
	No

	TDD-TDD
	Sync
	ON
	Yes

	
	
	OFF
	No

	
	Async
	ON
	N/A

	
	
	OFF
	N/A

	FDD-TDD
	Sync
	ON
	Yes

	
	
	OFF
	No

	
	Async
	ON
	No

	
	
	OFF
	No

	TDD-FDD
	Sync
	ON
	No

	
	
	OFF
	No

	
	Async
	ON
	Yes

	
	
	OFF
	No


So the following test cases for UE based SFN/subframe reporting should be defined:

· E-UTRAN SSTD measurement reporting delay in non-DRX in FDD-FDD synchronous dual connectivity

· E-UTRAN SSTD measurement reporting delay in non-DRX in FDD-FDD asynchronous dual connectivity

· E-UTRAN SSTD measurement reporting delay in non-DRX in TDD-TDD synchronous dual connectivity

· E-UTRAN SSTD measurement reporting delay in non-DRX in FDD-TDD synchronous dual connectivity

· E-UTRAN SSTD measurement reporting delay in non-DRX in TDD-FDD asynchronous dual connectivity

2.1.2. Measurement accuracy
A CR on measurement performance requirements for UE  reporting  SSTD between MeNB and SeNB for dual connectivity enhancements has been approved in RAN4 #77 meeting [4]. According to the CR, a test case list is provided in the following table.
Table 2. UE based SFN/subframe measurement accuracy test case list

	Combination of duplex mode
	DC mode
	Necessity of test case

	FDD-FDD
	Sync
	Yes

	
	Async
	Yes

	TDD-TDD
	Sync
	Yes

	
	Async
	N/A

	FDD-TDD
	Sync
	Yes

	
	Async
	No

	TDD-FDD
	Sync
	No

	
	Async
	Yes


So the following test cases for UE based SFN/subframe measurement accuracy should be defined:

· E-UTRAN SSTD measurement accuracy in FDD-FDD synchronous dual connectivity

· E-UTRAN SSTD measurement accuracy in FDD-FDD asynchronous dual connectivity

· E-UTRAN SSTD measurement accuracy in TDD-TDD synchronous dual connectivity

· E-UTRAN SSTD measurement accuracy in FDD-TDD synchronous dual connectivity

· E-UTRAN SSTD measurement accuracy in TDD-FDD asynchronous dual connectivity

2.2. Maximum uplink transmission time difference
As it can be seen in TS36.133 section 7.17.2, if the UE is configured with higher layer parameter powerControlMode<1>, then the UE may stop transmission in the SCG if the UL transmission timing difference exceeds 35.21µs. It means that UE is not forced to stop transmission from RAN4 perspective.

If a UE supports both synchronous and asynchronous dual connectivity and if the UE is configured with higher layer parameter powerControlMode<2>, then the UE needs to constitute new subframes pair if the UL transmission timing difference exceeds 500µs. This is a pure UE side behaviour and it can not be tested.

On the other hand, similar situation can be found in CA case. We don’t have test cases for TS36.133 section 7.9 either.

Observation 1: test cases for maximum uplink transmission time difference in dual connectivity are not needed.
2.3. CGI reading
Core requirement on CGI reading for DC enhancement was agreed in CR [5] in RAN4 #76 meeting. The requirement was specified differently according to different duplex mode, DC mode of operation and etc. A summary of test cases can be seen in following table.
Table 3. CGI reading test case list

	Carrier frequency type
	Combination of duplex mode of DC
	DC mode
	DRX
	Necessity of test case

	Intra-frequency
	FDD-FDD
	Sync
	OFF
	Yes

	
	
	
	ON
	No

	
	
	Async
	OFF
	Yes

	
	
	
	ON
	No

	
	TDD-TDD
	Sync
	OFF
	Yes

	
	
	
	ON
	No

	
	
	Async
	OFF
	N/A

	
	
	
	ON
	N/A

	
	FDD-TDD
	Sync
	OFF
	Yes

	
	
	
	ON
	No

	
	
	Async
	OFF
	No

	
	
	
	ON
	No

	
	TDD-FDD
	Sync
	OFF
	No

	
	
	
	ON
	No

	
	
	Async
	OFF
	Yes

	
	
	
	ON
	No

	Inter-frequency
	FDD-FDD
	Sync
	OFF
	No

	
	
	
	ON
	No

	
	
	Async
	OFF
	Yes

	
	
	
	ON
	No

	
	TDD-TDD
	Sync
	OFF
	Yes

	
	
	
	ON
	No

	
	
	Async
	OFF
	N/A

	
	
	
	ON
	N/A

	
	FDD-TDD
	Sync
	OFF
	No

	
	
	
	ON
	No

	
	
	Async
	OFF
	No

	
	
	
	ON
	No

	
	TDD-FDD
	Sync
	OFF
	No

	
	
	
	ON
	No

	
	
	Async
	OFF
	No

	
	
	
	ON
	No


Here we provide the requirement on minimum number of ACK/NACKs to transmit during Tidentify_CGI, intra and Tidentify_CGI, inter from TS36.133 section 8.8 for information.

Table 8.8.5.1-1: Requirement on minimum number of ACK/NACKs to transmit during Tidentify_CGI, intra.
	Serving cell configuration
	Minimum number of transmitted ACK/NACKs

	
	Synchronous operation
	Asynchronous operation

	
	MCG
	SCG
	MCG
	SCG

	FDD
	60
	60
	49

	TDD UL/DL configuration 0
	18
	N/A
	N/A

	TDD UL/DL configuration 1
	35
	N/A
	N/A

	TDD UL/DL configuration 2
	43
	N/A
	N/A

	TDD UL/DL configuration 3
	36
	N/A
	N/A

	TDD UL/DL configuration 4
	39
	N/A
	N/A

	TDD UL/DL configuration 5
	42
	N/A
	N/A

	TDD UL/DL configuration 6
	30
	N/A
	N/A


Table 8.8.6.1-1: Requirement on minimum number of ACK/NACKs to transmit during Tidentify_CGI, inter.
	Serving cell configuration
	Minimum number of transmitted ACK/NACKs

	
	Synchronous operation
	Asynchronous operation

	
	MCG
	SCG
	MCG
	SCG

	FDD
	60
	60
	49

	TDD UL/DL configuration 0
	18
	N/A
	N/A

	TDD UL/DL configuration 1
	30
	N/A
	N/A


It can be observed that requirements for intra-frequency and inter-frequency are different. So both intra/inter frequency cases should be tested. In order to limit the test complexity and work load, we propose to pick out some representative tests and leave the left braches without testing. The proposed test can be seen in green highlight in above tables. So the following test cases for CGI reading should be defined:

· E-UTRAN Intra-frequency identification of a new CGI of E-UTRA cell for FDD - FDD synchronous dual connectivity using autonomous gaps in non-DRX

· E-UTRAN Intra-frequency identification of a new CGI of E-UTRA cell for FDD - FDD asynchronous dual connectivity using autonomous gaps in non-DRX

· E-UTRAN Intra-frequency identification of a new CGI of E-UTRA cell for TDD - TDD synchronous dual connectivity using autonomous gaps in non-DRX

· E-UTRAN Intra-frequency identification of a new CGI of E-UTRA cell for FDD - TDD synchronous dual connectivity using autonomous gaps in non-DRX

· E-UTRAN Intra-frequency identification of a new CGI of E-UTRA cell for TDD - FDD asynchronous dual connectivity using autonomous gaps in non-DRX

· E-UTRAN Inter-frequency identification of a new CGI of E-UTRA cell for FDD - FDD asynchronous dual connectivity using autonomous gaps in non-DRX

· E-UTRAN Inter-frequency identification of a new CGI of E-UTRA cell for TDD - TDD synchronous dual connectivity using autonomous gaps in non-DRX

2.4. Requirements for 3DL CC
Core requirements for 3DL CC dual connectivity were in CR [6, 7] in RAN4 #77 meeting. The requirement contains the following features:
1)  SCell Activation and Deactivation Delay for E-UTRA Dual Connectivity
2) UE measurement capability

3) Intra-frequency measurements requirements on Scell
4) Interruptions at SCell addition/release, activation/deactivation and measurement on SCC

Based on the above requirements, we summarize the test cases and list them in followting tables:
Table 4. SCell activation and deactivation test case list for dual connectivity

	SCell mode
	Prior knowledge of SCell
	Combination of duplex mode of DC
	DC mode
	DRX
	Necessity of test case

	FDD
	Known
	FDD-FDD
	Sync
	OFF
	Yes

	
	
	
	
	ON
	No

	
	
	
	Async
	OFF
	Yes

	
	
	
	
	ON
	No

	
	
	TDD-TDD
	Sync
	OFF
	Yes

	
	
	
	
	ON
	No

	
	
	
	Async
	OFF
	N/A

	
	
	
	
	ON
	N/A

	
	
	FDD-TDD
	Sync
	OFF
	No

	
	
	
	
	ON
	No

	
	
	
	Async
	OFF
	No

	
	
	
	
	ON
	No

	
	
	TDD-FDD
	Sync
	OFF
	No

	
	
	
	
	ON
	No

	
	
	
	Async
	OFF
	No

	
	
	
	
	ON
	No

	
	Unknown
	…
	…
	…
	No

	TDD
	Known
	…
	…
	…
	No

	
	      Unknown
	FDD-FDD
	…
	…
	No

	
	
	TDD-TDD
	…
	…
	No

	
	
	FDD-TDD
	Sync
	OFF
	Yes

	
	
	TDD-FDD
	Async
	OFF
	Yes


The requirements for activation/deactivation delay and interruption can be verified by test cases listed in above table. Since the requirements of interruption at SCell activation/deactivation are different for sync/async DC, both mode need test. So the following test cases for SCell activation/deactivation for dual connectivity should be defined:

· E-UTRAN activation and deactivation of known FDD SCell in non-DRX for FDD-FDD synchronous dual connectivity

· E-UTRAN activation and deactivation of known FDD SCell in non-DRX for FDD-FDD asynchronous dual connectivity

· E-UTRAN activation and deactivation of known FDD SCell in non-DRX for TDD-TDD synchronous dual connectivity

· E-UTRAN activation and deactivation of unknown TDD SCell in non-DRX for FDD-TDD synchronous dual connectivity

· E-UTRAN activation and deactivation of unknown TDD SCell in non-DRX for TDD-FDD asynchronous dual connectivity

Table 5. Interruption during measurement on SCC test case list for dual connectiity

	SCell mode
	Combination of duplex mode of DC
	DC mode
	DRX
	Necessity of test case

	FDD
	FDD-FDD
	Sync
	OFF
	Yes

	
	
	
	ON
	No

	
	
	Async
	OFF
	Yes

	
	
	
	ON
	No

	
	TDD-TDD
	Sync
	OFF
	Yes

	
	
	
	ON
	No

	
	
	Async
	OFF
	N/A

	
	
	
	ON
	N/A

	
	FDD-TDD
	Sync
	OFF
	No

	
	
	
	ON
	No

	
	
	Async
	OFF
	No

	
	
	
	ON
	No

	
	TDD-FDD
	Sync
	OFF
	No

	
	
	
	ON
	No

	
	
	Async
	OFF
	No

	
	
	
	ON
	No

	TDD
	FDD-FDD
	…
	…
	No

	
	TDD-TDD
	…
	…
	No

	
	FDD-TDD
	Sync
	OFF
	Yes

	
	TDD-FDD
	Async
	OFF
	Yes


The UE measurement on SCC and interruptions on PCell and PSCell due to measurement on SCC can be verified by test cases listed in Table 4. Thus the following test cases for SCell activation/deactivation for dual connectivity should be defined:

· E-UTRAN event triggered reporting on deactivated FDD SCell with PCell and PSCell interruptions in non-DRX for FDD-FDD synchronous dual connectivity
· E-UTRAN event triggered reporting on deactivated FDD SCell with PCell and PSCell interruptions in non-DRX for FDD-FDD asynchronous dual connectivity

· E-UTRAN event triggered reporting on deactivated FDD SCell with PCell and PSCell interruptions in non-DRX for TDD-TDD synchronous dual connectivity
· E-UTRAN event triggered reporting on deactivated TDD SCell with PCell and PSCell interruptions in non-DRX for FDD-TDD synchronous dual connectivity
· E-UTRAN event triggered reporting on deactivated TDD SCell with PCell and PSCell interruptions in non-DRX for TDD-FDD asynchronous dual connectivity
3. Conclusions

In this contribution, we provide discussion on DC enhancement test cases list for each feature. Based on the discussion, the following proposal and observation are presented:
Proposal 1: testing principle for different combination of duplex modes DC should be defined.

Observation 1: test cases for maximum uplink transmission time difference in dual connectivity are not needed.
A brief summary of test lists are also provided:

Table 6. UE based SFN/subframe reporting test case list

	Duplex mode of DC
	DC mode
	DRX
	Necessity of test case

	FDD-FDD
	Sync
	ON
	Yes

	
	Async
	ON
	Yes

	TDD-TDD
	Sync
	ON
	Yes

	FDD-TDD
	Sync
	ON
	Yes

	TDD-FDD
	Async
	ON
	Yes


Table 7. UE based SFN/subframe measurement accuracy test case list

	Duplex mode of DC
	DC mode
	Necessity of test case

	FDD-FDD
	Sync
	Yes

	
	Async
	Yes

	TDD-TDD
	Sync
	Yes

	FDD-TDD
	Sync
	Yes

	TDD-FDD
	Async
	Yes


Table 8. CGI reading test case list

	Carrier frequency type
	Duplex mode of DC
	DC mode
	DRX
	Necessity of test case

	Intra-frequency
	FDD-FDD
	Sync
	OFF
	Yes

	
	
	Async
	OFF
	Yes

	
	TDD-TDD
	Sync
	OFF
	Yes

	
	FDD-TDD
	Sync
	OFF
	Yes

	
	
	Async
	OFF
	Yes

	Inter-frequency
	FDD-FDD
	ASync
	OFF
	Yes

	
	TDD-TDD
	Sync
	OFF
	Yes


Table 9. SCell activation and deactivation test case list
	SCell mode
	Prior knowledge of SCell
	Duplex mode of DC
	DC mode
	DRX
	Necessity of test case

	FDD
	Known
	FDD-FDD
	Sync
	OFF
	Yes

	
	
	
	Async
	OFF
	Yes

	
	
	TDD-TDD
	Sync
	OFF
	Yes

	TDD
	Unknown
	FDD-TDD
	Sync
	OFF
	Yes

	
	
	TDD-FDD
	Async
	OFF
	Yes


Table 10. Interruption during measurement on SCC test case list
	SCell mode
	Duplex mode of DC
	DC mode
	DRX
	Necessity of test case

	FDD
	FDD-FDD
	Sync
	OFF
	Yes

	
	
	Async
	OFF
	Yes

	
	TDD-TDD
	Sync
	OFF
	Yes

	TDD
	FDD-TDD
	Sync
	OFF
	Yes

	
	TDD-FDD
	Async
	OFF
	Yes


4. References

[1] RP-151738, “Status report for WI: Dual Connectivity enhancements for LTE”, NTT DOCOMO, INC.
[2] R4-160851, “CR: Introduction of testing principle for different combination of duplex modes DC”, Huawei, HiSilicon
[3] R4-158152, “CR on RRM requirements for SSTD reporting for Dual Connectivity”, NTT DOCOMO, INC.

[4] R4-158153, “CR on measurement performance requirements for UE  reporting  SSTD between MeNB and SeNB for dual connectivity enhancements”, CATT, Ericsson

[5] R4-154357, “Requirements for DC on ACK/NACK reporting for measurements using autonomous gaps”, Ericsson

[6] R4-158156, “CR on RRM requirements for 3 DL CC Dual connectivity”, NTT DOCOMO, INC., Ericsson, Nokia Networks
[7] R4-158157, “CR on requirements of interruption for 3 DL CC Dual connectivity”, NTT DOCOMO, INC., Alcatel-Lucent, Ericsson, Nokia Networks
8
9

