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1. Introduction
RRM test cases for Rel-13 eMTC have been discussed for a quite a few RAN4 meetings now [1,2]. Barring minor corrections, majority of the CE ModeA test cases are already finalized. Most of the CE ModeB test cases will likely be finalized in RAN4 #81, with potential exceptions like contention based random access test and RLM test case. As most of the eMTC RRM test cases will be almost finalized in RAN4 81, it is relevant to discuss test coverage and applicability rule. In this contribution, we provide our views on test case coverage and applicability rule.
2. eMTC UE capability for CEMode
For Rel-13 eMTC UE, two coverage modes are defined, i.e., CEModeA and CEModeB, and UE is supposed to indicate its capability to eNB in capability signaling. 
MTC-Parameters-r13 ::=

SEQUENCE {


ce-ModeA-r13





ENUMERATED {supported}



OPTIONAL,


ce-ModeB-r13





ENUMERATED {supported}



OPTIONAL
}

In 36.306, definition of CEModeA and CEModeB are further clarified as below. One thing we need to note here is that a UE indicating support of ce-ModeB-r13 shall also indicate support of ce-ModeA-r13. This implies that UE can either support only CEModeA or both CEModeA and CEModeB. UE implementation that supports only CEModeB is not allowed. 
4.3.29.1
ce-ModeA-r13

This field defines whether the UE supports operation in coverage enhancement mode A, as specified in TS 36.211 [17], TS 36.213 [22] and TS 36.331 [5], and PRACH CE levels 0 and 1 at Random Access, as specified in TS 36.321 [4]. It is mandatory for UEs of DL category M1 and UL category M1.
4.3.29.2
ce-ModeB-r13

This field defines whether the UE supports operation in coverage enhancement mode B, as specified in TS 36.211 [17], TS 36.213 [22] and TS 36.331 [5], and PRACH CE levels 2 and 3 at Random Access, as specified in TS 36.321 [4].  A UE indicating support of ce-ModeB-r13 shall also indicate support of ce-ModeA-r13.

Observation 1. eMTC UE can support only CEModeA or both CEModeA and CEModeB. UE implementation that supports only CEModeB is not allowed. 

There is no test applicability rule issue for CEModeA UE since CEModeA UE is required to fulfill only CEModeA RRM tests. For UE that supports both CEModeA and CEModeB, RAN4 needs to consider applicability rule. 
Observation 2. Applicability rule for RRM tests is needed only for eMTC UE that supports both CEModeA and CEModeB. 

3. Test applicability
According to discussion in RAN4 #80 and 80bis, companies wanted to review test cases for each RRM requirement and determine test applicability rule. We will go over individual RRM tests in CEModeA and CEModeB and provide our preference for applicability rule. 
3.1. Cell reselection test
Following cell reselection tests were introduced for CEModeA and CEModeB. 
CEModeA

A.4.2.12
E-UTRAN FDD – FDD Intra frequency case for Cat-M1 UE in normal coverage
A.4.2.13
E-UTRAN HD – FDD Intra frequency case for Cat-M1 UE in normal coverage
A.4.2.14
E-UTRAN TDD – TDD Intra frequency case for Cat-M1 UE in normal coverage
CEModeB

A.4.2.x4 E-UTRAN FDD – FDD Intra frequency case for Cat-M1 UE in enhanced coverage
A.4.2.x5 E-UTRAN HD – FDD Intra frequency case for Cat-M1 UE in enhanced coverage
A.4.2.x6 E-UTRAN TDD – TDD Intra frequency case for Cat-M1 UE in enhanced coverage
Cell reselection tests in CEModeA and CEModeB are identical except for Es/Iot side condition for serving and neighbor cell and reselection delay requirement. In CEModeB test, UE is required to do intra-frequency cell reselection at lower CINR but with increased delay. Since reselection in lower CINR condition is more challenging, we can assume that UE that can pass CEModeB cell reselection test can pass CEModeA cell reselection test. 
Proposal 1. For cell reselection test, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

3.2. Intra-frequency handover tests
Following intra-frequency handover tests were introduced for CEModeA. 
CEModeA

A.5.1.13
E-UTRAN FDD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA
A.5.1.14
E-UTRAN HD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA
A.5.1.15
E-UTRAN TDD Intra frequency handover for Cat-M1 UEs in CEModeA
For CEModeB, a similar set of intra-frequency handover tests were proposed in RAN4 #80 and 80bis meeting but were not approved since core requirement for handover delay will be revised to due MIB decoding delay in handover target cell. However, it is expected handover tests in CEModeB are identical to CEModeA tests except for Es/Iot side condition for serving and neighbor cell and handover delay requirement. The main purpose of the handover test is to determine whether UE is able to reliably handover within the specified interruption delay (which includes RRC procedure delay, interruption uncertainty & system information acquisition delay). Compared to legacy LTE handover test cases, one big difference in eMTC is that UE requires the knowledge of MIB of the target cell at the time of handover. It is also well understood that in Rel-13 eMTC, MIB acquisition delay can be a very long (of the order of seconds), especially in low, CEModeB, CINR conditions [3]. The long MIB acquisition delay in CEModeB will mask the typically tight handover requirement, making CEModeB handover test case almost meaningless. Moreover, such long MIB acquisition delay will make connected mode handover somewhat irrelevant in deployments as well. On the other hand, MIB acquisition delay in CEModeA is likely to be of the order of 100ms [3]. Hence it makes more sense to test handover requirements in CEModeA rather than CEModeB.
Proposal 2. For handover test, if UE fulfills CEModeA test, then it can be considered that it fulfills CEModeB requirements without executing the tests. 

3.3. RRC connection re-establishment test

Following RRC connection reestablishment tests were introduced for CEModeA and CEModeB. 
CEModeA

A.6.1.9
E-UTRAN FD-FDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeA
A.6.1.10
E-UTRAN HD-FDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeA
A.6.1.11
E-UTRAN TDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeA
CEModeB
A.6.1.10
E-UTRAN FD-FDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeB
A.6.1.11
E-UTRAN HD-FDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeB
A.6.1.12
E-UTRAN TDD Intra-frequency RRC Re-establishment for Cat-M1 UE in CEModeB
Though it is expected that test configuration, Es/Iot side condition and RRC connection re-establishment delay requirement in CEModeB tests can be revised, we can assume that RRC connection re-establishment tests in CEModeB are identical to CEModeA tests except for Es/Iot side condition for serving and neighbor cell and RRC connection re-establishment delay requirement. Since RRC connection re-establishment in lower CINR condition is more challenging, we can assume that UE that can pass CEModeB RRC connection re-establishment test can pass CEModeA RRC connection re-establishment test.

Proposal 3. For RRC connection re-establishment test, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

3.4. Contention based random access test
Following contention based random access tests were introduced for CEModeA and CEModeB. 

CEModeA

A.6.2.10
E-UTRAN FDD Contention Based Random Access Test for Cat-M1 UEs in Normal Coverage
A.6.2.11
E-UTRAN HD-FDD Contention Based Random Access Test for Cat-M1 UEs in Normal Coverage
A.6.2.12
E-UTRAN TDD Contention Based Random Access Test for Cat-M1 UEs in Normal Coverage
CEModeB
A.6.2.x1
E-UTRAN FDD Contention Based Random Access Test for Cat-M1 UEs in Enhanced Coverage
A.6.2.x2
E-UTRAN HD-FDD Contention Based Random Access Test for Cat-M1 UEs in Enhanced Coverage
A.6.2.x3
E-UTRAN TDD Contention Based Random Access Test for Cat-M1 UEs in Enhanced Coverage
Purpose of random access test is to verify (1) PRACH CE level selection based on serving cell RSRP measurement (2) PRACH timing requirement and (3) PRACH procedure. The test framework for PRACH test cases are still being discussed. Furthermore, some companies have even proposed to change 36.321 to modify the random access procedure. Hence,  
Proposal 4. For contention based random access test, if a UE fulfills CEModeA tests, CEModeB requirements can be considered fulfilled without executing the tests. 

3.5. Transmit timing accuracy test
Following transmit timing accuracy tests were introduced for CEModeA and CEModeB. 

CEModeA

A.7.1.10
E-UTRAN FDD – UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeA
A.7.1.11
E-UTRAN HD-FDD – UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeA
A.7.1.12
E-UTRAN TDD - UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeA
CEModeB
A.7.1.14
E-UTRAN FDD – UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeB
A.7.1.15
E-UTRAN HD-FDD – UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeB
A.7.1.16
E-UTRAN TDD - UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeB
Test configuration and procedure for transmit timing accuracy test is same in CEModeA and CEModeB except for CINR side condition, (2) UL physical channel to be used and timing accuracy requirement. In CEModeA, RRC configured SRS is used as in legacy LTE test. In CEModeB, PUSCH is transmitted based on MPDCCH grant since SRS is not supported in CEModeB. In CEModeB, test is configured in much lower CINR than CEModeA. Though UL physical channel to be transmitted by UE is different, overall test procedure, configuration and test metrics are same. Since maintaining timing accuracy in CEModeB is more challenging, we can assume that UE that can pass CEModeB transmit timing accuracy test can pass CEModeA transmit timing accuracy test.

Proposal 5. For transmit timing accuracy test, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

3.6. Timing advance adjustment accuracy test
Following timing advance adjustment accuracy tests were introduced:
CEModeA


A.7.2.7 E-UTRAN FDD Timing Advance Adjustment Accuracy Test for Cat-M1 UE in CEModeA

A.7.2.8 E-UTRAN HD-FDD UE Timing Advance Adjustment Accuracy Test for Cat-M1 UE in CEModeA

A.7.2.9 E-UTRAN TDD Timing Advance Adjustment Accuracy Test for Cat-M1 UE in CEModeA
CEModeB


A.7.2.x4 E-UTRAN FDD Timing Advance Adjustment Accuracy Test for Cat-M1 UE in CEModeB


A.7.2.x5 E-UTRAN HD-FDD UE Timing Advance Adjustment Accuracy Test for Cat-M1 UE in CEModeA

A.7.2.x6 E-UTRAN HD-FDD UE Timing Advance Adjustment Accuracy Test for Cat-M1 UE in CEModeA
Test configuration and procedure for timing advance adjustment accuracy tests are same in CEModeA and CEModeB except for CINR side condition and UL physical channel to be used. In CEModeB, PUSCH is transmitted based on MPDCCH grant since instead of SRS since SRS is not supported in CEModeB. Though UL physical channel to be transmitted by UE is different, overall test procedure, configuration and test metrics are same. Since test procedure in CEModeB is more challenging, we can assume that UE that can pass CEModeB timing advance adjustment accuracy tests can pass CEModeA timing advance adjustment accuracy tests.
Proposal 6. For timing advance adjustment accuracy tests, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

3.7. Radio link monitoring test

Following radio link monitoring tests were introduced for CEModeA. 
CEModeA

A.7.3.48
E-UTRAN FD-FDD Radio Link Monitoring Test for Out-of-sync for Cat-M1 UE in CEMode A
A.7.3.49
E-UTRAN FD-FDD Radio Link Monitoring Test for In-Sync for Cat-M1 UE in CEMode A
A.7.3.50
E-UTRAN FD-FDD Radio Link Monitoring Test for Out-of-sync in DRX for UE category M1 configured in CEMode A
A.7.3.51
E-UTRAN FD-FDD Radio Link Monitoring Test for In-sync in DRX for UE Category M1 configured in CEMode A
A.7.3.53
E-UTRAN HD-FDD Radio Link Monitoring Test for In-Sync for Cat-M1 UE in CEMode A
A.7.3.54
E-UTRAN HD-FDD Radio Link Monitoring Test for Out-of-sync in DRX for UE category M1 configured in CEMode A
A.7.3.55
E-UTRAN HD-FDD Radio Link Monitoring Test for In-sync in DRX for UE Category M1 configured in CEMode A
A.7.3.56
E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync for Cat-M1 UE in CEMode A
A.7.3.57
E-UTRAN TDD Radio Link Monitoring Test for In-Sync for Cat-M1 UE in CEMode A
A.7.3.58
E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync in DRX for UE category M1 configured in CEMode A
A.7.3.59
E-UTRAN TDD Radio Link Monitoring Test for In-sync in DRX for UE Category M1 configured in CEMode A
For RLM tests in CEModeB, RAN4 agreed to introduce a new test methodology and CEModeB tests will be introduced in this meeting. Since periodic CQI reporting is not supported in CEModeB, it was decided to use PUSCH transmission based on MPDCCH grant. In RAN4 80bis, RLM test case was further discussed and several issues were identified with testing RLM in CEModeB. One of the key issues, that is still being studied, is that the Es/Iot conditions of CEModeA and CEModeB are not very different, thus making the CEModeB test case redundant [4]. Based on our analysis in our companion paper [5], we recommend that the CEModeB RLM test case be dropped. Hence, we propose the following test coverage and applicability rule. 
Proposal 7. For RLM, if a UE fulfils the CEModeA tests, then UE can be considered fulfilling CEModeB requirements (if it supports CEModeB), without executing any corresponding CEModeB RLM test.
3.8. Intra-frequency event triggered reporting tests
Following intra-frequency event triggered reporting tests were introduced for CEModeA and CEModeB. 
CEModeA

A.8.1.23 E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for Cat-M1 UE in CEModeA


A.8.1.24 E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA
A.8.1.25 E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA in DRX
A.8.1.26 E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for Cat-M1 UE in CEModeA
A.8.1.27 E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA
A.8.1.28 E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA in DRX
A.8.1.29 E-UTRAN TDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA
A.8.1.30 E-UTRAN TDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeA in DRX
CEModeB

A.8.1.31 E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for Cat-M1 UE in CEModeB

A.8.1.32 E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeB

A.8.1.33 E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for Cat-M1 UE in CEModeB

A.8.1.34 E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeB

A.8.1.35 E-UTRAN TDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for Cat-M1 UE in CEModeB
Test configuration and metric for intra-frequency event triggered reporting tests in CEModeA and CEModeB are identical except for Es/Iot side condition and reporting delay requirement. Therefore, we can assume that UE that can pass CEModeB intra-frequency event triggered reporting tests can pass CEModeA intra-frequency event triggered reporting tests. One thing we need to note here is that tests with CDRX configuration are defined only in CEModeA. Therefore, UE needs to fulfill CEModeB tests without CDRX configuration and CEModeA tests with CDRX configuration. 
Proposal 8. For intra-frequency event triggered reporting tests without CDRX configuration, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. UE that supports CEModeB operation also needs to fulfill CEModeA tests with CDRX configuration. 
3.9. Intra-frequency RSRP measurement accuracy tests
Following intra-frequency RSRP measurement accuracy tests were introduced for CEModeA and CEModeB. 
CEModeA

A.9.1.52
FD-FDD RSRP Intra frequency case for Cat-M1 UE in CEModeA
A.9.1.53
HD-FDD RSRP Intra frequency case for Cat-M1 UE in CEModeA
A.9.1.54
TDD RSRP Intra frequency case for Cat-M1 UE in CEModeA
CEModeB
A.9.1.57
FD-FDD RSRP Intra frequency case for Cat-M1 UE in CEModeB
A.9.1.58
HD-FDD RSRP Intra frequency case for Cat-M1 UE in CEModeB
A.9.1.59
TDD RSRP Intra frequency case for Cat-M1 UE in CEModeB
Intra-frequency RSRP measurement accuracy tests in CEModeA and CEModeB are identical except for Es/Iot side condition for serving and neighbor cell and measurement accuracy requirement. In CEModeB test, UE is required to do intra-frequency RSRP measurement at lower CINR but with relaxed accuracy requirement. Since meeting RSRP measurement accuracy in low CINR is more challenging, we can assume that UE that can pass CEModeB intra-frequency RSRP measurement accuracy tests can pass CEModeA intra-frequency RSRP measurement accuracy tests. 

Proposal 9. For intra-frequency RSRP measurement accuracy tests, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests.
4. Conclusions

In this contribution, we provided analysis on eMTC RRM test coverage and applicability rule. Our observations and proposals are
Observation 1. eMTC UE can support only CEModeA or both CEModeA and CEModeB. UE implementation that supports only CEModeB is not allowed. 

Observation 2. Applicability rule for RRM tests is needed only for eMTC UE that supports both CEModeA and CEModeB. 

Proposal 1. For cell reselection test, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

Proposal 2. For handover test, if UE fulfills CEModeA test, then it can be considered that it fulfills CEModeB requirements without executing the tests. 

Proposal 3. For RRC connection re-establishment test, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

Proposal 4. For contention based random access test, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

Proposal 5. For transmit timing accuracy test, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

Proposal 6. For timing advance adjustment accuracy tests, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 

Proposal 7. For RLM, if a UE fulfils the CEModeA tests, then UE can be considered fulfilling CEModeB requirements (if it supports CEModeB), without executing any corresponding CEModeB RLM test.

Proposal 8. For intra-frequency event triggered reporting tests without CDRX configuration, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. UE that supports CEModeB operation also needs to fulfill CEModeA tests with CDRX configuration. 

Proposal 9. For intra-frequency RSRP measurement accuracy tests, if UE fulfills CEModeB tests, CEModeA tests can be considered fulfilled without executing the tests. 
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