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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 a large number of repetitions of the control channel which the UE is monitoring. This issue is further discussed below.
2 Discussion

2.1.1 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
2.1.2 Current requirements for UE Cat M1 in DRX
Currently, the requirements for UE Category M1, both CEModeA and CEModeB, are specified for all DRX cycle lengths. For example, below are the current intra-frequency FDD cell identification requirements for UE Category M1 with CEModeA.

When DRX is in use the UE shall be able to identify a new detectable FDD intra frequency cell within Tidentify_intra_UE cat M1 as shown in table 8.13.2.1.1.2-1.

When eDRX_CONN is in use the UE shall be able to identify a new detectable FDD intra frequency cell within Tidentify_intra_UE cat M1 as shown in table 8.13.2.1.1.2-1A.

Table 8.13.2.1.1.2-1: Requirement to identify a newly detectable FDD intrafrequency cell

	Gap pattern ID
	DRX cycle length (s)
	Tidentify_intra_UE cat M1 (s) (DRX cycles)

	0
	≤0.04
	1.44 (Note1)

	
	0.04<DRX-cycle≤0.08
	Note2 (40)

	
	0.128
	3.2 (25)

	
	0.128<DRX-cycle≤2.56
	Note2(20)

	1
	<0.128
	2.88 (Note1)

	
	0.128
	3.2 (25)

	
	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1:
Number of DRX cycle depends upon the DRX cycle in use

Note2:
Time depends upon the DRX cycle in use


Table 8.13.2.1.1.2-1A: Requirement to identify a newly detectable FDD intrafrequency cell when eDRX_CONN cycle is used
	eDRX_CONN cycle length (s)
	Tidentify_intra_UE cat M1 (s) (eDRX_CONN cycles)

	2.56<eDRX_CONN cycle≤10.24
	Note (20)

	NOTE:
Time depends upon the eDRX_CONN cycle in use


A cell shall be considered detectable when

-
RSRP related side conditions given in Sections 9.1.21.1 and 9.1.21.2 are fulfilled for a corresponding Band,

-
SCH_RP and SCH Ês/Iot according to Annex B.2.12-1 for a corresponding Band
In the RRC_CONNECTED state the measurement period for intra frequency measurements is Tmeasure_intra_UE cat M1. When DRX is used, Tmeasure_intra_UE cat M1 is as specified in table 8.13.2.1.1.2-2. When eDRX_CONN is used, Tmeasure_intra_UE cat M1 is as specified in table 8.13.2.1.1.2-3. The UE shall be capable of performing RSRP measurements for 6 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_intra_UE cat M1.

Table 8.13.2.1.1.2-2: Requirement to measure FDD intrafrequency cells

	Gap pattern ID
	DRX cycle length (s)
	Tmeasure_intra_UE cat M1 (s) (DRX cycles)

	0
	<0.128
	0.48 (Note1)

	
	0.128≤DRX-cycle≤2.56
	Note2 (5)

	1
	<0.256
	0.96 (Note1)

	
	0.256≤DRX-cycle≤2.56
	Note2 (5)

	Note1:
Number of DRX cycle depends upon the DRX cycle in use

Note2:
Time depends upon the DRX cycle in use


Table 8.13.2.1.1.2-3: Requirement to measure FDD intrafrequency cells when eDRX_CONN cycle is used

	eDRX_CONN cycle length (s)
	Tmeasure_intra_UE cat M1 (s) (eDRX_CONN cycles)

	2.56<eDRX_CONN cycle≤10.24
	Note (5)

	NOTE:
Time depends upon the eDRX_CONN cycle in use


2.1.3 Control channel monitoring by UE Category M1 configured with DRX
To be able to decode a control channel, UEs Cat M1 need to receive a sufficient number of repetitions, i.e., the time available for this needs to be sufficiently long. Furthermore, for UEs operating in non-full duplex mode not all subframes are DL subframes, which sets a further restriction on the occasions available for control channel monitoring. The number of control channel repetitions can be large, e.g., up to 256 according to TS 36.213 and 36.331, which makes some DRX configurations (e.g., DRX cycle lengths) irrelevant depending on the number of repetitions.
· Observation: Some DRX configurations are irrelevant when the number of repetitions needed for decoding control channel by UE Cat M1 is large.
· Proposal: Clarify in 36.133 that the UE Cat M1 requirements apply for DRX configurations when a sufficient number of control channel repetitions are available during each DRX ON state.
3 Summary
· Observation: Some DRX configurations are irrelevant when the number of repetitions needed for decoding control channel by UE Cat M1 is large.

· Proposal: Clarify in 36.133 that the UE Cat M1 requirements apply for DRX configurations when a sufficient number of control channel repetitions are available during each DRX ON state.

Based on the proposal above, a draft CR is provided in [1].
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