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1. Introduction
In Rel-13, Cat-M1 type coverage enhancement is supported for higher category UEs through bandwidth reduced procedures. An obvious question is whether and how the RRM requirements, applicable to Cat-M1, apply to higher Category UEs. The issue of applicability of Cat-M1 RRM requirements to higher category UEs was first discussed in RAN4 82. A way forward [1] was approved in RAN4 82 in which lists the following agreements made in RAN4 82 


In this document, we provide our view and proposals for resolving the above issues.
2. Discussion 
RAN 1/2 extended CE support to higher category UEs by extending the bandwidth reduced procedures applicable to Cat-M1 UEs to higher category UEs. This approach was suitable as it was the path of minimal effort to achieve CE for higher category UEs. In Rel-13, the CE support design is not necessarily optimized for higher Category UEs. We propose a similar approach to extending the requirements in RAN4, making necessary changes only whenever absolutely required.
2.1. Es/Iot side conditions 
We propose to re-use the Es/Iot & SCH/Iot side conditions to defined normal and enhanced coverage as well as requirements for CE mode A & B. This implies that for higher category UEs as well

· Normal coverage requirements apply for radio conditions with SCH Ês/Iot(-6 dB and CRS Ês/Iot (-6 dB
· Enhanced coverage requirements apply for radio conditions with SCH Ês/Iot(-15 dB and CRS Ês/Iot (-15 dB
· CE mode A requirements apply for radio conditions with SCH Ês/Iot (-6 dB and CRS Ês/Iot (-6 dB 
· CE mode B requirements apply for radio conditions with SCH Ês/Iot (-15 dB and CRS Ês/Iot (-15 dB 
Proposal 1: For higher category UEs, re-use Cat-M1 Es/Iot and SCH/Iot side conditions to define applicability of idle mode requirements for normal and enhanced coverage and connected mode requirements for CE mode A & B.
2.2. Applicability of RLM requirements 

For Cat-M1, RLM core requirements, i.e., evaluation periods for Qin and Qout were increased in order to improve the quality of MPDCCH hypothetical BLER estimation. Further, the Qin and Qout evaluation periods are a function of the configured CE mode. For higher category UEs as well, we propose to maintain the same core requirements as Cat-M1 UEs. 
Proposal 2: RLM core requirements for Cat-M1 can be re-used for higher category UEs.

The current RLM test cases for Cat-M1 have been designed for single Rx. For a higher category UE, say with 2 or 4Rx, radio link failure is likely to happen at a lower SINR compared to single Rx UE. If a higher category UE is mandated to pass the test case with single Rx, then the higher category UE is forced to declare radio link failure much before its hypothetical BLER computation indicates that it is below Qout. Mandating higher category UEs to pass RLM test of Cat-M1 UE will defeat the main purpose of supporting CE mode A & B for higher category UEs -- coverage enhancement. Hence, we propose to define new RLM test cases for higher category UEs when configured in CE. In particular, we propose to define a new test case for higher category UE configured in CE mode A.
Proposal 3: Define new RLM test case higher category UEs configured in CE mode A assuming 2Rx. 
Cat-M1 RLM test case can be used as baseline with the antenna configuration modified from 2x1 to 2x2. Further, following the principle of extending the 2Rx RLM test case to 4Rx RLM test case, we propose to modify the in-sync and out-of-sync RLM Cat-M1 test cases by simply reducing the SNR3 by 3dB for 2Rx UEs (see Figure 1. Beside antenna configuration and SNR3, the rest of the parameters of the Cat-M1 test case can be kept intact while testing higher category UE configured in CE). Such modification will ensure that the higher category UE will not be forced to declare radio link failure before its hypothetical BLER indication indicates that it is below Qout. Similar approach can be applied to testing 4Rx UE by further reducing SNR3 by an additional 3dB.
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Figure 1. Proposed methodology to modify the in-sync RLM test case for 2Rx 

Proposal 4: Use Cat-M1 RLM test case as baseline for defining new RLM test case for higher category UE with the following modifications 

· Change antenna configuration from 2x1 to 2x2 for 2Rx UE and 2x1 to 2x4 for 4Rx UE

· Reduce SNR3 in the in-sync and out-of-sync by [3]dB for 2Rx UE and an additional [3]dB for 4Rx UE

2.3.  Applicability of other RRM requirements  
For all other RRM requirements, including MIB and SIB1-BR acquisition as well as RSRP/RSRQ accuracies, we propose to maintain the same requirements as Cat-M1. Although some reduction in MIB and SIB1-BR acquisition delay and improvement in accuracy of RSRP is expected with increased number of Rx chains, in view of supporting CE for higher category UEs with minimal changes, we propose to maintain the same requirements as Cat-M1.
Proposal 5: For higher category UEs supporting CE, maintain the same requirement as Cat-M1 for MIB/SIB1-BR acquisition delay as well as RSRP accuracy.

Some of the legacy requirements for higher category UEs are tighter than current Cat-M1 requirements under the same side conditions. Such tighter requirements will naturally tested by legacy tests for higher category UEs. As an example, consider intra-frequency RSRP requirements in normal conditions under the side-condition of Es/Iot ≥ -6dB. Legacy requirements for higher category UE is ±4.5dB and Cat-M1 requirement is ±7dB [2]. Since higher category UE will already be supporting the tighter requirement of ±4.5dB, there is no need to additionally verify that it supports ±7dB requirement. Hence for all higher category UEs supporting CE, we propose that all requirements that are already verified by tests for higher category UEs need not be redundantly verified by additional tests specifically designed with UEs configured with CE.
Proposal 6: For higher category UEs supporting CE, RRM requirements that are already verified by tests for higher category UEs need not be additionally verified by additional tests specifically designed with higher category UE configured with CE. At least the following requirements need not be additionally verified for higher category UE

· Transmit timing requirement in CE mode A --  higher category test cases A.7.1.1.1 & A.7.1.1.2 already verify tighter requirements than applicable to CE mode A in the same Es/Iot conditions as A.7.1.10, A.7.1.11 & A.7.1.12
· Timing advance requirements in CE mode A & B – higher category test cases A.7.2.1, A.7.2.2, A.7.2.3 already verify the same requirements as those in A.7.2.6, A.7.2.7, A.7.2.8, A.7.2.10, A.7.2.11 & A.7.2.12
·  RSRP requirements in CE mode A  – higher category test cases A.9.1.1 – A.9.1.6 already verify the same requirements as those in A.9.1.52- A.9.1.54
Finally, idle mode requirements for Cat-M1 need not necessarily be applicable to higher category UE, unless the UE is declaring a “dual category”, i.e., higher category as well as Cat-M1.This is because in idle mode, UE is not configured in any CE mode (CE can be configured only in connected mode). Hence idle mode requirements are applicable to only Cat-M1 UEs, and not to higher category UEs that don’t declare Cat-M1 capability, but declare CE capability.
Proposal 7: Idle mode requirements in normal and enhanced coverage are not applicable to higher category UEs that don’t declare Cat-M1 as an additional category they support, and only declare CE support in their capability.
3. Conclusion
In this paper, we make the following proposals regarding requirements and test cases for higher category UEs supporting CE 

Proposal 1: For higher category UEs, re-use Cat-M1 Es/Iot and SCH/Iot side conditions to define applicability of idle mode requirements for normal and enhanced coverage and connected mode requirements for CE mode A & B.

Proposal 2: RLM core requirements for Cat-M1 can be re-used for higher category UEs.

Proposal 3: Define new RLM test case higher category UEs configured in CE mode A assuming 2Rx. 

Proposal 4: Use Cat-M1 RLM test case as baseline for defining new RLM test case for higher category UE with the following modifications 

· Change antenna configuration from 2x1 to 2x2 for 2Rx UE and 2x1 to 2x4 for 4Rx UE

· Reduce SNR3 in the in-sync and out-of-sync by [3]dB for 2Rx UE and an additional [3]dB for 4Rx UE

Proposal 5: For higher category UEs supporting CE, maintain the same requirement as Cat-M1 for MIB/SIB1-BR acquisition delay as well as RSRP accuracy.

Proposal 6: For higher category UEs supporting CE, RRM requirements that are already verified by tests for higher category UEs need not be additionally verified by additional tests specifically designed with higher category UE configured with CE. At least the following requirements need not be additionally verified for higher category UE

· Transmit timing requirement in CE mode A --  higher category test cases A.7.1.1.1 & A.7.1.1.2 already verify tighter requirements than applicable to CE mode A in the same Es/Iot conditions as A.7.1.10, A.7.1.11 & A.7.1.12
· Timing advance requirements in CE mode A & B – higher category test cases A.7.2.1, A.7.2.2, A.7.2.3 already verify the same requirements as those in A.7.2.6, A.7.2.7, A.7.2.8, A.7.2.10, A.7.2.11 & A.7.2.12
·  RSRP requirements in CE mode A  – higher category test cases A.9.1.1 – A.9.1.6 already verify the same requirements as those in A.9.1.52- A.9.1.54
Proposal 7: Idle mode requirements in normal and enhanced coverage are not applicable to higher category UEs that don’t declare Cat-M1 as an additional category they support, and only declare CE support in their capability.
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RAN4 shall specify RRM requirements for all UE Cat-L supporting CE in Rel-13.


With the exception of the RRM requirements listed below, existing RRM requirements defined for UE cat-M1 in Rel-13 can be reused for UE Cat-L according to its CE Mode capability:


Radio link monitoring (RLM),


SI acquisition time i.e. requirements involving time to acquire MIB and/or SIB1-BR 


RSRP and RSRQ measurement accuracies


RAN4 is to further investigate the above requirements under CE for UE Cat-L assuming 2Rx i.e.


RLM,


SI acquisition time (i.e. MIB and/or SIB1-BR)


RSRP/RSRQ accuracies


Timeline:


Interested companies are expected to provide analysis and results in RAN4#82bis.


Specify RRM requirements by RAN4#83 subject to the completion of analysis.
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