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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 [2]. Due to change in eMTC PDSCH, the legacy PDSCH reference measurement channels (RMCs) are no longer be suitable for supporting eMTC RRM tests. In this paper, we discuss the new PDSCH RMCs for eMTC tests.
PDSCH RMC parameters
Legacy PDSCH RMC parameters
PDSCH Reference Channels for legacy RRM tests are defined in Section A.3.1.1 in TS 36.133 [3] for FDD, TDD, and HD-FDD Ues. The RMCs include the following parameters:
· Channel bandwidth, e.g., 5MHz, 10MHz, 20MHz
· Number of transmitter antennas: 1, 2
· Allocated resource blocks: bandwidth dependent {11, 24} in the middle of bandwidth
· Allocated subframes per Radio Frame: 10 (FDD, HD-FDD); 6 (TDD)

· Uplink-Downlink Configuration (TDD): 1

· Special Subframe Configuration (TDD): 6

· Modulation: QPSK only
· Target Coding Rate: 1/3, 1/10 (Cat.0 UEs)
· Information Bit Payload: dependent on bandwidth and RMCs
· Number of Code Blocks per Sub-Frame: (derived from Info bits)
· Binary Channel Bits Per Sub-Frame (derived)
· Max. Throughput averaged over 1 frame (derived)
eMTC PDSCH RMC parameters

Since eMTC PDSCH is developed based on legacy PDSCH, most of the legacy PDSCH RMC parameters should also be included for eMTC PDSCH RMCs. In addition, new eMTC PDSCH parameters should be considered in eMTC PDSCH RMCs. The purpose of the eMTC PDSCH RMCs in TS 36.133 is NOT for testing PDSCH performance, but for the purpose of eMTC RRM tests. It should be clear that RRM performance requirements should be met by any of the proper PDSCH configurations. 
One main difference between legacy PDSCH RMCs and eMTC PDSCH RMCs is the allocation of the PDSCH PRBs. For legacy PDSCH RMCs, the PDSCH PRBs are allocated in the PSS/SSS/PBCH subfarmes. PDSCH REs are purposely allocated around the middle 6PRBs in order to test UE’s capability to measure PSS/SSS/PBCH together with DL data. This test configuration, however, may not be suitable for eMTC UE’s RRM tests. For eMTC tests, the PDSCH should be allocated in the configured narrowband, which in most case are not overlapping with central 6 PRBs. The UE is thus required to perform frequency tuning in order to perform cell searching. When eMTC UE is switched from configured narrowband to perform cell identification, the UE does not decode PDSCH channels.

Other issues needed to be considered for eMTC PDSCH RMCs include transmission repetition, frequency hopping, etc. In the following, we provide the list of parameters that should be considered for eMTC PDSCH RMCs. We also provide the suggested parameter settings.
· CE Mode
· PDSCH settings for CEModeA and CEModeB are different. Thus, in Rel=13 we will need to consider both CE modes in PDSCH RMCs
· 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 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
· PDSCH Narrowband and resource blocks

· For legacy PDSCH RMCs, the PDSCH RBs are allocated to the middle of bandwidth. For eMTC UEs, the PDSCH RBs should be allocated in assigned narrowbands
· eMTC PDSCH RBs are dynamically assigned by DL DCI. For CEModeA, the number of RBs can be 6 RBs or smaller. For CEModeB, only 6 RBs is used. In RRM tests, it needs to test UE’s measurement performance when frequency tuning is needed from the assigned working narrowband to the middle 6 PRBS of bandwidth for performing RRM measurements. Thus, PDSCH RBs in eMTC PDSCH RMCs will not be allocated to the middle of bandwidth as the legacy case. Also, for simplicity, we suggest using 6 PRBs for both CEModeA and CEModeB.
· Suggestion: 6 PRBs is used for both CEModeA and CEModeB PDSCH RMCs. The 6 PRBs are allocated at the same narrowband as MPDCCH (1st narrowband, not in the middle 6RBs of the system carrier bandwidth)
· Allocated subframes per Radio Frame (FDD)
· Suggestion: all DL subframes not carrying MPDCCH.
· Uplink-Downlink Configuration (TDD)

· 
Suggestion: 1 (as legacy PDSCH RMCs)
· Special Subframe Configuration (TDD) 
· 
Suggestion: 6 (as legacy PDSCH RMCs)
· Allocated subframes per Radio Frame (TDD)
· 6 
· Modulation: 
· Suggestion: QPSK (as legacy PDSCH RMCs)
· Target coding rate: 
· Suggestion: 1/3 (as used in R4-161216)
· Information Bit Payload

· Suggestion: 152 (as used in R4-161216)
· Number of Code Blocks per Sub-Frame: 

· Suggestion: derived from Info bits
· Binary Channel Bits Per Sub-Frame (derived)

· Suggestion: derived 
· Max. Throughput averaged over 1 frame (derived)
· This derived parameter may not have too much meaning to the test

· Suggestion: derived for information or not included

· Maximum number of PDSCH repetition

· The maximum numbers of PDSCH repetitions in CEModeA and CEModeB can be configured as {16, 32} and {192, 256, 384, 512, 768, 1024, 1536, 2048} respectively.
· Suggestion: 16 (CEModeA); 192 (CEModeB)

· Frequency hopping
· PDSCH and MPDCCH Frequency hopping is configured by the same RRC parameter.
· 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. Thus, we suggest to set Frequency hopping OFF for simplicity.
· Suggestion: OFF
· 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}
· Start symbol

· PDSCH and MPDCCH start symbol is configured by the same RRC parameter
· 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 PDSCH performance, it may be proper to select middle number of 2 as MPDCCH RMCs.
· Suggestion: 2

· CSI-RS transmission
· Suggestion: Not needed.
Summary

In this paper, we discussed the new PDSCH RMCs for supporting eMTC tests. Based on above discussion, the MPDCCH RMCs for Cat-M1 RRM tests are propsoed in the companion draft CR [7].
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