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1 Introduction

In the current RRM test cases for Joint CA, some combinations are not captured in the specification and never tested. This document describes the current situation and necessity for updating both RAN5 and RAN4 specifications.
2 Discussion
In the current CA WIs, there are four types of RRM duplexing mode combinations for RRM test cases with >=3 DL CA: 

· All cells are FDD, 

· All cells are TDD, 

· FDD is PCell and all other cells are TDD

· TDD is PCell and all other cells are FDD

This applies to all test cases in both chapter 8 and chapter 9.
2.1 Issue 1: complete lack of coverage for certain duplexing mode combinations

With the current set of test configurations, there is a lack of coverage starting with 3DL CA. Some duplexing mode combinations cannot be tested at all with the current specification. For instance, taking GCF 4DL CA configuration 1A-3A-42C, this combination cannot be tested with any of the existing test cases. TS 36.133 A.3.9.2 states:

A.3.9.2
Principle of testing
In Annex A carrier aggregation test cases may be defined for different duplex modes or combination of duplex modes (E-UTRA FDD, E-UTRA TDD and E-UTRA TDD-FDD) to verify the same RRM requirement. 

If multiple carrier aggregation test cases are defined for different duplex modes (E-UTRA FDD or E-UTRA TDD) or for combination of duplex modes (E-UTRA TDD-FDD) to verify the same RRM requirement which is independent of the duplex mode and is identical for different duplex modes or 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 duplex modes supported by the UE.
That means that the UE only needs to run one of the duplexing mode combinations. However, from spec point of view, we need offer at least one test for every possibility. Currently, a UE supporting only CA combinations of the type F-F-T-T cannot be tested against any RRM test case. The list of all joint CA RRM test cases with >=3 DL CA is given in Table 2.1-1. As it can be seen, there are some configurations completely missing. This issue affects both chapter 8 and chapter 9 equally.
Table 2.1-1 RRM test cases for Joint CA (TS 36.521-3)
	CC
	TC
	Title
	Covered

	3
	8.16.27
	E-UTRAN TDD-FDD 3 DL CA Event Triggered Reporting under Deactivated SCells in Non-DRX with PCell in FDD
	F (P) - T (S) - T (S)

	3
	8.16.28
	E-UTRAN TDD-FDD 3 DL CA Event Triggered Reporting under Deactivated SCells in Non-DRX with PCell in TDD
	T (P) - F (S) - F (S)

	3
	8.16.31
	E-UTRAN TDD-FDD 3 DL CA Event Triggered Reporting on Deactivated SCell with PCell and SCell Interruptions in Non-DRX and with PCell in FDD
	Same as 8.16.27

	3
	8.16.32
	E-UTRAN TDD-FDD 3 DL CA Event Triggered Reporting on Deactivated SCell with PCell and SCell Interruptions in Non-DRX and with PCell in TDD
	Same as 8.16.28

	3
	8.16.35
	3 DL PCell in FDD CA Activation and Deactivation of Known SCell in Non-DRX
	Same as 8.16.27

	3
	8.16.36
	3 DL PCell in TDD CA Activation and Deactivation of Known SCell in Non-DRX
	Same as 8.16.28

	3
	8.16.39
	E-UTRA TDD-FDD 3DL CA Activation and Deactivation of Unknown SCell in Non-DRX with PCell in FDD
	Same as 8.16.27

	3
	8.16.40
	E-UTRA TDD-FDD 3DL CA Activation and Deactivation of Unknown SCell in Non-DRX with PCell in TDD
	Same as 8.16.28

	3
	9.1.37
	3DL PCell in FDD RSRP for E-UTRAN in Carrier Aggregation
	Same as 8.16.27

	3
	9.1.38
	3DL PCell in TDD RSRP for E-UTRAN in Carrier Aggregation
	Same as 8.16.28

	3
	9.2.38
	3DL PCell in FDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 8.16.27

	3
	9.2.39
	3DL PCell in TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 8.16.28

	4
	8.16.53
	4DL PCell in FDD CA Event Triggered Reporting with 3 Deactivated SCells in Non-DRX
	F (P) - T (S) - T (S) - T (S)

	4
	8.16.54
	4DL PCell in TDD CA Event Triggered Reporting with 3 Deactivated SCells in Non-DRX
	T (P) - F (S) - F (S) - F (S)

	4
	8.16.59
	4 DL PCell in FDD CA Activation and Deactivation of Known SCell in Non-DRX
	Same as 8.16.53

	4
	8.16.60
	4 DL PCell in TDD CA activation and deactivation of known SCell in non-DRX
	Same as 8.16.54

	4
	8.16.63
	4 DL PCell in FDD CA Activation and Deactivation of Unknown SCell in Non-DRX
	Same as 8.16.53

	4
	8.16.64
	4DL Pcell in TDD CA activation and deactivation of unknown SCell in non-DRX
	Same as 8.16.54

	4
	8.16.79
	E-UTRAN PCell in FDD FDD-TDD 4 DL CA Event Triggered Reporting on Deactivated SCell with PCell and SCell Interruptions in Non-DRX
	Same as 8.16.53

	4
	8.16.80
	E-UTRAN PCell in TDD TDD-FDD 4 DL CA Event Triggered Reporting on Deactivated SCell with PCell and SCell Interruptions in Non-DRX
	Same as 8.16.54

	4
	9.1.44
	4 DL CA PCell in FDD FDD-TDD RSRP for E-UTRAN in Carrier Aggregation
	Same as 8.16.53

	4
	9.1.45
	4 DL CA PCell in TDD FDD-TDD RSRP for E-UTRAN in Carrier Aggregation
	Same as 8.16.54

	4
	9.2.45
	4 DL CA PCell in FDD FDD-TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 8.16.53

	4
	9.2.46
	4 DL CA PCell in TDD FDD-TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 8.16.54

	5
	8.16.65
	5DL PCell in FDD CA Event Triggered Reporting with 4 Deactivated SCells in Non-DRX
	F (P) - T (S) - T (S) - T (S) - T (S)

	5
	8.16.66
	5DL PCell in TDD CA Event Triggered Reporting with 4 Deactivated SCells in Non-DRX
	T (P) - F (S) - F (S) - F (S) - F (S)

	5
	8.16.67
	5 DL FDD-TDD with PCell in FDD CA activation and deactivation of Unknown SCell in non-DRX
	Same as 8.16.65

	5
	8.16.68
	5DL Pcell in TDD CA activation and deactivation of unknown SCell in non-DRX
	Same as 8.16.66

	5
	8.16.75
	5DL PCell in FDD CA activation and deactivation of known SCell in non-DRX
	Same as 8.16.65

	5
	8.16.76
	5DL PCell in TDD CA activation and deactivation of known SCell in non-DRX
	Same as 8.16.66

	5
	8.16.81
	E-UTRAN PCell in FDD FDD-TDD 5 DL CA Event Triggered Reporting on Deactivated SCell with PCell and SCell Interruptions in Non-DRX
	Same as 8.16.65

	5
	8.16.82
	E-UTRAN PCell in TDD TDD-FDD 5 DL CA Event Triggered Reporting on Deactivated SCell with PCell and SCell Interruptions in Non-DRX
	Same as 8.16.66

	5
	9.1.48
	5 DL FDD-TDD with PCell in FDD RSRP for E-UTRAN in Carrier Aggregation
	Same as 8.16.65

	5
	9.1.49
	5 DL FDD-TDD with PCell in TDD RSRP for E-UTRAN in Carrier Aggregation
	Same as 8.16.66

	5
	9.2.47
	5 DL PCell in FDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 8.16.65

	5
	9.2.48
	5 DL PCell in TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 8.16.66


Proposal 1: allow one cell to be FDD or TDD depending on the band combination, to cover all possible duplexing combinations as covered in Table 2.1-2.
Table 2.1-2 Additional combinations required for full test coverage
	CC
	Existing combination
	New combination to be added

	3
	F-T-T
	F-F-T

	3
	T-F-F
	T-T-F

	4
	F-T-T-T
	F-F-T-T, F-F-F-T

	4
	T-F-F-F
	T-T-F-F, T-T-T-F

	5
	F-T-T-T-T
	F-F-T-T-T, F-F-F-T-T, F-F-F-F-T

	5
	T-F-F-F-F
	T-T-F-F-F, T-T-T-F-F, T-T-T-T-F


The proposal 1 above cannot be done directly in RAN5, as the test parameters like cell powers are different based on duplexing mode and band. Hence, this information needs to be communicated to RAN4.

Proposal 2: Send an LS to RAN4 indicating the lack of coverage for 3, 4 and 5 DL CA RRM test cases and suggesting proposal 1 as a solution.
2.2 How to reflect into specifications

Regarding how to add new Joint CA patterns, there are two options below.
Option 1

: Add new patterns into existing corresponding TCs
(F (P) - F (S) - T (S) - T(S) is added to TC 8.16.53)
Option 2

: Introduce new TCs for new patterns
 (F (P) - F (S) - T (S) - T (S) is added to TC 8.16.53_1)
Even now there are numerous RRM TCs (82 TCs about CA measurement and 61 TCs about RSRP) and Option 1 not increasing number of TCs are recommended.
Proposal 3:
Indicate in the LS to RAN4 that Option 1 as listed above is preferred solution.
2.3 Issue 2: lack of test possibilities for certain duplexing mode combinations for band-dependent tests

A further issue for all >=3DL CA RRM test cases is that certain test possibilities for duplexing modes are not fully covered. For instance, with 3DL CA, the combination F (P) - T (S) - T(S) is tested, but not F(P) - F(S) - T(S). According to TS 36.133 A.3.9.2, this is not an issue for the test cases which are duplexing agnostic (chapter 8), but could have implications for the test cases in chapter 9. The list of affected test cases and the missing configurations is listed in Table 2.3-1.
Table 2.3-1 RRM test cases for Joint CA affected by issue 2(TS 36.521-3)
	CC
	TC
	Title
	Covered
	Not Covered

	3
	9.1.37
	3DL PCell in FDD RSRP for E-UTRAN in Carrier Aggregation
	F(P) – T(S) – T(S)
	F(P) – F(S) – T(S)

	3
	9.1.38
	3DL PCell in TDD RSRP for E-UTRAN in Carrier Aggregation
	T(P) – F(S) – F(S)
	T(P) – T(S) – F(S)

	3
	9.2.38
	3DL PCell in FDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 9.1.37
	Same as 9.1.37

	3
	9.2.39
	3DL PCell in TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 9.1.38
	Same as 9.1.38

	4
	9.1.44
	4 DL CA PCell in FDD FDD-TDD RSRP for E-UTRAN in Carrier Aggregation
	F(P) – T(S) – T(S) – T(S)
	F(P) – F(S) – T(S) – T(S)
F(P) – F(S) – F(S) – T(S)

	4
	9.1.45
	4 DL CA PCell in TDD FDD-TDD RSRP for E-UTRAN in Carrier Aggregation
	T(P) – F(S) – F(S) – F(S)
	T(P) – T(S) – F(S) –F(S)
T(P) – T(S) – T(S) –F(S)

	4
	9.2.45
	4 DL CA PCell in FDD FDD-TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 9.1.44
	Same as 9.1.44

	4
	9.2.46
	4 DL CA PCell in TDD FDD-TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 9.1.45
	Same as 9.1.45

	5
	9.1.48
	5 DL FDD-TDD with PCell in FDD RSRP for E-UTRAN in Carrier Aggregation
	F(P) – T(S) – T(S) – T(S) –T(S)
	F(P) – F(S) – T(S) – T(S) – T(S)
F(P) – F(S) – F(S) – T(S) – T(S)
F(P) – F(S) – F(S) – F(S) – T(S)

	5
	9.1.49
	5 DL FDD-TDD with PCell in TDD RSRP for E-UTRAN in Carrier Aggregation
	T(P) – F(S) – F(S) – F(S) – F(S)
	T(P) – T(S) – F(S) –F(S) – F(S)
T(P) – T(S) – T(S) –F(S) – F(S)
T(P) – T(S) – T(S) –T(S) – F(S)

	5
	9.2.47
	5 DL PCell in FDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 9.1.48
	Same as 9.1.48

	5
	9.2.48
	5 DL PCell in TDD RSRQ for E-UTRAN in Carrier Aggregation
	Same as 9.1.49
	Same as 9.1.49


The open point is whether the combinations marked in the same colour in Table 2.3-1 are identical or could provide different results.

Proposal 4: further discuss whether Issue 2 represents a lack of coverage in duplexing mode dependent test cases and if yes, how to address it.

3 Conclusions
Proposal 1: allow one cell to be FDD or TDD depending on the band combination, to cover all possible duplexing combinations as covered in Table 2.1-2.
Proposal 2: Send an LS to RAN4 indicating the lack of coverage for 3, 4 and 5 DL CA RRM test cases and suggesting proposal 1 as a solution.

Option 1

: Add new patterns into existing corresponding TCs
(F (P) - F (S) - T (S) - T(S) is added to TC 8.16.53)
Option 2

: Introduce new TCs for new patterns
(F (P) - F (S) - T (S) - T (S) is added to TC 8.16.535_1)
Proposal 3:
Indicate in the LS to RAN4 that Option 1 as listed above is preferred solution.
Proposal 4: discuss whether Issue 2 represents a lack of coverage in duplexing mode dependent test cases and if yes, how to address it.
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