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Introduction
The RRM requirements related to the Release 13 work item, “Further LTE Physical Layer Enhancements for MTC” [1] were completed in RAN4#78. In RAN4#78, a WF was agreed for suggested test cases as well as work plan [3].

Due to the introduction of new eMTC downlink control and data channels, the legacy PDCCH and PDSCH reference measurement channels (RMCs) as well as OFDMA Channel Noise Generator (OCNG) patterns for legacy RRM tests are no longer be suitable for eMTC RRM tests. In this paper, we discuss the new MPDCCH RMCs for supporting eMTC tests.
Discussion of MPDCCH RMC parameters
Legacy control channel RMC parameters
For legacy RRM tests, PCFICH/PDCCH/PHICH Reference Channels are defined in Section A.3.1.2 for FDD, TDD, and HD-FDD UEs with following parameters (Note: For eMTC, 1.4MHz may not be needed, since no PBCH repetition for 1.4MHz channel bandwidth)
· Channel bandwidth: 1.4MHz, 5MHz, 10MHz, 20MHz
· Number of transmitter antennas: 1, 2
· Control region OFDM symbols: 2, 3
· Aggregation level: 2, 4, 8
· DCI Format: upon the test configuration
· Cell ID: upon the test configuration
· Payload (without CRC): upon the test configuration
MPDCCH RMC parameters

eMTC UE does not monitor the legacy PCFICH/PDCCH/PHICH channels. Thus, some of the above parameters for no longer need to be defined for eMTC MPDCCH RMCs. However, for MPDCCH RMC, additional parameters are need to be considered. It is worthy to point out that the purpose of RRM tests is NOT to test MPDCCH performance, and RRM performance requirements should be met by any of the proper MPDCCH configurations.
The list of parameters for MPDCCH RMCs should include:

· CE Mode
· MPDCCH settings for CEModeA and CEModeB are different. Thus, we will need to consider both CE modes in MPDCCH RMCs
· Suggestion: both CEModeA and CEModeB in Rel-13
· Carrier channel bandwidth
· 1.4MHz does not apply. Other valid channel bandwidths include: 5MHz, 10MHz, 20MHz
· Suggestion: 10MHz in Rel-13

· Number of transmitter antennas

· Legacy control channel RMCs include one RMC with 1 BS Tx antenna, and the resets are 2 BS TX antennas. For MPDCCH RMCs, we believe there is no need to consider 1 BS Tx antenna.
· Suggestion: At least 2 BS TX antennas in Rel-13.
· Cyclic prefix mode
· Some MPDCCH configurations are different for Extended and Normal Cyclic prefix. 
· Suggestion: Normal Cyclic prefix in Rel-13.
· MPDCCH Transmission type
· MPDCCH can either be configured to localized or distributed transmission. 
· Suggestion: Distributed transmission in Rel-13.
· Number of PRB pairs

· For MPDCCH, the number of physical resource-block pairs for the MPDCCH set can be configured to 2, 4, and 6. This parameter can be either considered in the MPDCCH RMC or set differently for each test case. 
· Suggestion: 4 PRB pairs for CEModeA and 6 for CEModeB RMCs in Rel-13.
· Aggregation level
· The number of ECCEs in a subframe for MPDCCH transmission can be {2, 4, 8, 16, 24}. The maximum allowed number of ECCEs is limited by the number of configured PRBs, which are {8,16,24} for {2,4,6} PRBs respectively. For RRM test, for reliable MPDCCH transmission, we suggest using the maximum allowed number of ECCEs.
· Suggestion: 16 for CEModeA and 24 for CEModeB in Rel-13.
· MPDCCH Number of Repetition
· The numbers of repetitions for UE-SS for MPDCCH can be configured to {1, 2, 4, 8, 16, 32, 64, 128, 256}. The number of repetition should be set large enough to guarantee the correct delivery of the control channel messages during the test, but not too large to minimize testing duration. Considering we already use maximum allowed number of ECCEs, there may not need to use maximum numbers of repetitions for CEModeA and 24 for CEModeB RMCs. 
· Suggestion: 8 for CEModeA and 128 for CEModeB.
· Frequency hopping (the same RRC configuration applies to both MPDCCH and PDSCH)
· Frequency hopping can be configured to be activated or deactivated. Unlike demodulation tests, there seems no need to consider both frequency hopping ON and OFF cases. 
· Suggestion: Frequency hopping OFF for simplicity.
· Note: If frequency hopping is turned ON, the following configuration parameters need to be defined:
· Number of Hopping narrowbands: {2, 4}

· Hopping Offset: (1..maxAvailNarrowBands)
· Hopping Interval (CEModeA); FDD={1,2,4,8}, TDD={1,5,10,20}

· Hopping Interval (CEModeB); FDD={2,4,8,16}, TDD={5,10,20,40}
· MPDCCH Narrowband
· Narrowband for UE-SS for MPDCCH = {1, maxNarrowband}. MPDCCH narrowband should be configured to avoid the central 6RBs.

· Suggestion: For simplicity, MPDCCH narrowband can be configured as the 1st or last narrowband to avoid the central 6RBs.
· Starting subframe for UE-SSS 
· Starting subframe for an MPDCCH UE-specific search space can be configured as  FDD={1,1.5,2,2.5,4,5,8,10}; TDD={1,2,4,5,8,10,20};
· Suggestion: No need to specify the configuration in MPDCCH RMCs, since it should have no impact on the test results.
· Start symbol (the same RRC configuration applies to PDSCH and MPDCCH)
· The allowed values of OFDM starting symbol are 1, 2, and 3 for DL Bandwidth greater than 1.4MHz. Since RRM test is not for checking MPDCCH performance, it may be proper to select middle number of 2 as PDSCH RMCs.

· Suggestion: 2

· DCI Format
· Suggestion: MPDCCH 6-1A for CEModeA and MPDCCH 6-1B for CEModeB
Proposed MPDCCH RMCs
For easy reading, we suggest putting initial “M” for all eMTC RMCs and OCNG patterns for Cat-M1 UEs, and using the letter “A” to represent CEModeA and “B” for CEModeB. For example, the first MPDCCH Reference Channel for Cat-M1UE in CEModeA will be denoted as “MA R.1”. The proposed MPDCCH RMCs based on above discussion is presented in the draft CR [6].
Summary

In this paper, we discussed the new MPDCCH RMCs for supporting eMTC tests. 
References

[1] R4-160514, “RRM requirements for eMTC in IDLE mode in section 4”, Nokia Networks, Alcatel-Lucent, Ericsson, Huawel, HiSilicon, Intel, Verizon

[2] R4-160273, “RRM Test Cases for Cat-M UEs, Nokia Networks”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[3] 3GPP TS 36.133: "E-UTRAN: Requirements for Support of Radio Resource Management".
[4] R4-161611, “Discussion of PDSCH RMCs for Cat-M1 RRM Tests”, Nokia

[5] R4-161612, “Discussion of OCNG Patterns for Cat-M1 RRM Tests”, Nokia
[6] R4-161613,
“CR: MPDCCH RMCs for Cat-M1 RRM Tests”,
Nokia
