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1 Introduction
Requirements for UE Cat M1 have been specified in 36.133 for DRX and eDRX in both RRC_IDLE and RRC_CONNECTED stated. However, the DRX configurations in the requirements currently do not account for MPDCCH configurations. This issue is further discussed below.
2 Background
2.1 DRX operation

When configured with DRX in RRC_CONNECTED, the UE monitors DL control channel discontinuously, during the active state (i.e., when the UE is awake), and does not monitor it during the inactive state. DRX operation is illustrated in Figure 1 below. During the DRX ON period of the DRX cycle, a timer called ‘onDurationTimer’, which is configured by the network node, is running. This timer specifies the number of consecutive control channel subframes (e.g. PDCCH, ePDCCH, MPDCCH, NPDCCH subframe(s)) at the beginning of a DRX Cycle. If the UE successfully decodes the control channel during the DRX ON duration then the UE starts a drx-inactivity timer and stays awake until its expiry. If the control channel has not been successfully decoded during the on-duration or until drx-inactivity timer expires, the UE can enter the inactive state.
The current On Duration values are (in PDCCH subframes): 1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, and 200.

The supported DRX cycle length configurations are as follows,

· RRC_CONNECTED:
· DRX cycle lengths (in subframes): 2, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2048, 2560;
· eDRX cycle lengths (in sec): 5.12 and 10.24;
· RRC_IDLE:
· DRX cycle lengths (in subframes): 320, 640, 1280, 2560;
· eDRX cycle lengths (in sec): from 5.12 to 2621.44.
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Figure 1: DRX operation in LTE
2.2 Current requirements for UE Cat M1 in DRX
Currently, the requirements for UE Category M1, both CEModeA and CEModeB, are specified without considering MPDCCH repetitions. Example requirements: UE measurements and cell identification, RLM, SI reading, etc.
The maximum number of MPDCCH repetitions is configured via RRC by means of rmax parameter specified in 36.213 and 36.331. The exact number of MPDCCH repetitions is provided via DCI, according to 36.213.
2.3 Configurable MPDCCH monitoring windows

Since Rel-13, there is also parameter higher-layer (RRC) parameter G, which is informing the UE about the MPDCCH search space periodicity to reduce the UE complexity and is specified in 36.213. This is shown below.
For MPDCCH UE-specific search space, Type0-common search space, and Type2-common search space locations of starting subframe 
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For MPDCCH UE-specific search space, Type0-common search space 
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is given by the higher layer parameter mPDCCH-startSF-UESS, 
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For Type2-common search space, 
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is given by the higher layer parameter mPDCCH-startSF-CSS-RA-r13
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are given in Table 9.1.5-3. 

A BL/CE UE is not expected to be configured with values of 
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that result in non-integer values of 
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One can also note that the mPDCCH-startSF… parameter has different values for FDD and TDD, e.g., as shown below.

mpdcch-StartSF-UESS-r13


CHOICE {



fdd-r13






ENUMERATED {v1, v1dot5, v2, v2dot5, v4,
v5, v8, v10}, 






tdd-r13






ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare1}


}, 

2.4 Proposed measurements requirements for UE configured with DRX
RAN2 decided to not change the UE active state definition when the above parameter G was introduced, except that it was clarified that the UE has to complete receiving of MPDCCH before going to another action (i.e., the active state may be just prolonged while still following the legacy DRX configuration). Hence, when the UE is configured with DRX and MPDCCH monitoring windows, the UE will be at least as frequently active as with legacy DRX ON.
· Observation 1: If configured with DRX and MPDCCH monitoring windows, UEs still have to follow the DRX configuration for measurements (which can also be on neighbor cells), unless the RAN2 specification is revised. The UEs will be at least as frequently active as with legacy DRX ON, according to RAN2.
· Proposal 1: For DRX case, 
· Measurement requirements and RLM for UEs configured with G>1: it is clarified that the existing DRX requirements apply (naturally, FDD and TDD requirements remain the same),
· Measurement requirements and RLM for UEs configured with G=1: the existing non-DRX requirements shall apply
2.5 Proposed SI reading requirements
The problem, however, may arise e.g. for SI reading. When performing SI reading, the UE is required to transmit on PCell a certain minimum number of ACK/NACKs under the non-DRX assumption, which the UE is likely to fail to transmit with discontinuous MPDCCH monitoring windows.
· Observation 2: In the current SI reading requirements, the UE shall identify a new CGI of an E-UTRA cell within a certain time (e.g., Tbasic_identify_CGI_Cat M1,.intra for intra-frequency) which is the same for non-DRX as well as for any of DRX and eDRX_CONN cycles
· Proposal 2:When the UE is configured with MPDCCH monitoring windows, the existing SI requirement shall apply
· Observation 3: The minimum number of ACK/NACKs in the existing SI reading requirements is specified only for the continuous DL allocation, i.e., non-DRX assumption
· Proposal 3: When the UE is configured with MPDCCH monitoring windows, the existing minimum number of ACK/NACKs in SI reading requirements apply for G=1 or contiguous MPDCCH monitoring.
2.6 Proposed measurements requirements for UE in non-DRX

According to 36.213, in non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period, against thresholds (Qout and Qin) defined by relevant tests. The radio link monitoring, however, is always associated with the serving link via which the UE receives control and data channel. So, if the UE activity state is not controlled by DRX configuration and the UE is configured with discontinuous MPDCCH monitoring, it is reasonable that RLM is performed during the configured MPDCCH windows.
The measurements, however, can also be performed for neighbor cells and are important for mobility and RRM. So, it is proposed that the existing non-DRX requirements apply for the measurements, regardless of how MPDCCH monitoring is configuring.
· Proposal 4: For non-DRX case, 
· Measurement requirements: it is clarified that the existing non-DRX requirements apply for intra- and inter-frequency measurements, regardless of how MPDCCH monitoring is configured (because the UE is likely to still receive MPDSCH during the rmax*(G-1) period – see Figure 2 below)
· RLM: it is clarified that the evaluation period depends on how MPDCCH monitoring is configured (note: the RLM requirement will then be different for FDD and TDD due to different G values in 36.331)
Based on the proposals above, a draft CR is provided in [1].
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Figure 2. MPDCCH/MPDSCH allocation in FeMTC.
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