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<Start of Changes>
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [26] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [26].

Any Cell Selection state: as defined in TS 36.304 [1]

Asynchronous Dual Connectivity: As defined in TS 36.331 [2].

Carrier aggregation: aggregation of two or more component carriers in order to support wider transmission bandwidths TS 36.104 [30]. 

CEMode A Applicability:
In this version of this specification the requirements for CEMode A shall apply provided the UE category M1 is configured with CEMode A, SCH Ês/Iot ( -6 dB and CRS Ês/Iot ( -6 dB.   The CEMode A and the number of repetition levels for different physical channels are defined in [3].
CEMode B Applicability:
In this version of this specification the requirements for CEMode B shall apply provided the UE category M1 is configured with CEMode B, SCH  Ês/Iot ( -15 dB and CRS Ês/Iot ( -15 dB. The CEMode B and the number of repetition levels for different physical channels are defined in [3].

Dual Connectivity: As defined in TS 36.331 [2].
Enhanced coverage Applicability: In this version of this specification the requirements for enhanced coverage in idle mode shall apply provided the UE category M1 is with the radio condition that SCH  Ês/Iot ( -15 dB and CRS Ês/Iot ( -15 dB.

Extended IDLE-mode DRX: extended DRX cycles in IDLE mode as specified in TS 24.008 [34], where one extended DRX cycle is a time period between two first paging occasions within two consecutive PTWs.
Extended CONNECTED-mode DRX: extended DRX cycles in CONNECTED mode as specified in TS 36.331 [2].

High operating band: an operating band with a higher downlink frequency with respect to another, low, operating band.
Inter-band carrier aggregation: carrier aggregation of component carriers in different operating bands TS 36.104 [30].

Intra-band contiguous carrier aggregation: contiguous carriers aggregated in the same operating band TS 36.104 [30].

Intra-band non-contiguous carrier aggregation: non-contiguous carriers aggregated in the same operating band TS 36.104 [30].

IDC autonomous denial subframes: The maximum number of uplink subframes in which the UE is allowed not to transmit E-UTRAN signals when configured with IDC autonomous denial (TS 36.331 [2]).

IDC autonomous denial validity: It is the period over which the autonomous denial subframes are counted (TS 36.331 [2]).

IDC solution: This refers to DRX or IDC autonomous denial configured by eNodeB in response to receiving InDeviceCoexIndication from the UE (TS 36.331 [2]).

Low operating band: an operating band with a lower downlink frequency with respect to another, high, operating band.
Master Cell Group: As defined in TS 36.331 [2].

Master eNB: As defined in TS 36.300 [25].MBSFN ABS: ABS configured in MBSFN-configurable subframe.
NB-IoT Cell: As defined in TS 36.331 [2].
Non-MBSFN ABS: ABS configured in any downlink subframe.

Normal coverage Applicability:
In this version of this specification the requirements for normal coverage in idle mode shall apply provided the UE category M1 is with the radio condition that SCH Ês/Iot ( -6 dB and CRS Ês/Iot ( -6 dB. Normal Performance Group: For UE which supports Increased UE carrier monitoring UTRA or E-UTRA the group of inter-frequency carriers or inter-RAT carriers is divided into two groups. The group which has a better delay performance compared to the other group is refered to as the normal performance group

Paging Time Window: As defined in TS 24.008 [34].
Primary Cell: As defined in TS 36.331 [2].

ProSe Direct Communication: As defined in TS 23.303 [33]

ProSe Direct Discovery: As defined in TS 23.303 [33]

Primary SCell: As defined in TS 36.331 [2].

Primary Secondary Timing Advance Group: Timing Advance Group containing the PSCell.

Primary Timing Advance Group: Timing Advance Group containing the PCell.

Reduced Performance Group: For UE which supports Increased UE carrier monitoring UTRA or E-UTRA the group of inter-frequency carriers or inter-RAT carriers is divided into two groups. The group which has worse delay performance compared to the other group is refered to as the reduced performance group
Secondary Cell: As defined in TS 36.331 [2].

Secondary eNB: As defined in TS 36.300 [25].

Serving Cell: As defined in TS 36.331 [2].
Secondary Cell Group: As defined in TS 36.331 [2].

Secondary Timing Advance Group: As defined in TS 36.331 [2].
Synchronous Dual Connectivity: As defined in TS 36.331 [2].

TDD-FDD carrier aggregation: Carrier aggregation of component carriers in E-UTRA TDD and E-UTRA FDD operating bands TS 36.104 [30].

Timing Advance Group: As defined in TS 36.331 [2]. 

UE category M1 applicability: In this version of this specification the requirements for UE category M1 are derived assuming: DL Category M1 and Uplink Category M1, operation in any LTE system bandwidth but with a channel bandwidth of 1.4 MHz and transmission bandwidth of 6 PRBs in downlink and uplink, and a single antenna receiver. DL UE category M1 and UL UE category M1 are defined in [31],

WLAN RSSI: As defined in TS36.214 [4].
x_RA: x-to-RS EPRE ratio for the channel or physical signal x in all transmitted OFDM symbols not containing RS.

x_RB: x-to-RS EPRE ratio for the channel or physical signal x in all transmitted OFDM symbols containing RS.

<End of Changes>
<Start of Changes>
7.20
Radio Link Monitoring for NB-IoT UE
7.20.1
Introduction
The applicability of the requirements for performing radio link monitoring for NB-IoT UE in subclause 7.20 is defined in Section 3.1.

The UE shall monitor the downlink link quality based on the narrowband reference signal in order to detect the downlink radio link quality of the NB-IoT cell as specified in [3].
7.20.2
Requirements for HD-FDD NB-IoT UE

The requirements defined in this subclause 7.20.2 for performing radio link monitoring are applicable for NB-IoT UE defined in Section 3.1.

The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout_NB-IoT and Qin_NB-IoT for the purpose of monitoring downlink radio link quality of the NB-IoT cell.
The threshold Qout_NB-IoT is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical NPDCCH transmission with transmission parameters specified in Table 7.20.2-1.

The threshold Qin_NB-IoT is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout_NB-IoT and shall correspond to 2% block error rate of a hypothetical NPDCCH transmission with transmission parameters specified in Table 7.20.2-1.
Table 7.20.2-1 NPDCCH transmission parameters for out-of-sync and in-sync for NB-IoT UE
	Attribute
	Out-of-sync
	In-sync

	DCI format
	Format N1 (RAR)
	Format N1 (DL scheduling)

	Number of information bits
	[22] bits
	[22] bits

	System Bandwidth
	200kHz
	200kHz

	Antenna configuration
	1x1 or 2x1 [TBD]
	1x1 or 2x1 [TBD]

	Maximum NPDCCH Repetition level
	RmaxNote1
	Rmax/k Note1 and ‘k is [TBD]

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	Deployment mode
	In-band/Guard-band/Stand-alone [TBD]
	In-band/Guard-band/Stand-alone [TBD]

	NOTE 1:
Rmax is a configurable parameter defined in 36.331 and R>1.


7.20.2.1
Minimum requirement when no DRX is used
When the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qout_NB-IoT period becomes worse than the threshold Qout_NB-IoT, Layer 1 of the UE shall send an out-of-sync indication for the NB-IoT cell to the higher layers within TEvaluate_Qout_NB-IoT Qout_NB-IoT evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qin_NB-IoT period becomes better than the threshold Qin_NB-IoT, Layer 1 of the UE shall send an in-sync indication for the NB-IoT cell to the higher layers within TEvaluate_Qin_NB-IoT Qin_NB-IoT evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].
The out-of-sync and in-sync evaluations of the NB-IoT cell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10ms.
The transmitter power of the UE shall be turned off within 40 ms after expiry of T310 timer as specified in clause 5.3.11 in TS 36.331 [2]. The following table shows the TEvaluate_Qout_NB-IoT and TEvaluate_Qin_NB-IoT for each Rmax where aggregation level (AL)=2 and number of blind decodes = 1 i.e. UE monitors one of the allowed sets of {AL, #repetition, #blind decodes} tuples.
Table 7.20.2.1-1 Mapping of Rmax and Qout and Qin Evaluation Period for HD-FDD NB-IoT UE
	RmaxNote1
	TEvaluate_Qout_NB-IoT
	TEvaluate_Qin_NB-IoT

	1
	TBD
	TBD

	2
	TBD
	TBD

	4
	TBD
	TBD

	8
	TBD
	TBD

	16
	TBD
	TBD

	32
	TBD
	TBD

	64
	TBD
	TBD

	128
	TBD
	TBD

	256
	TBD
	TBD

	512
	TBD
	TBD

	1024
	TBD
	TBD

	2048
	TBD
	TBD

	NOTE 1:
Rmax is a configurable parameter defined in 36.331 and R>1.


7.20.2.2
Minimum requirement when DRX is used
When DRX is used for FD-FDD and TDD NB-IoT UE UEs, the Qout_NB-IoT evaluation period (TEvaluate_Qout_DRX_NB-IoT) and the Qin_NB-IoT evaluation period (TEvaluate_Qin_DRX_NB-IoT) is specified in Table 7.20.2.2-1 will be used.

When the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qout_DRX_NB-IoT [s] period becomes worse than the threshold Qout_NB-IoT, Layer 1 of the UE shall send out-of-sync indication for the NB-IoT cell to the higher layers within TEvaluate_Qout_DRX_NB-IoT [s] evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qin_DRX_NB-IoT [s] period becomes better than the threshold Qin_NB-IoT, Layer 1 of the UE shall send in-sync indications for the NB-IoT cell to the higher layers within TEvaluate_Qin_DRX_NB-IoT [s] evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].

The out-of-sync and in-sync evaluations of the NB-IoT cell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10ms, DRX_cycle_length).

Upon start of T310 timer as specified in clause 5.3.11 in TS 36.331 [2], the UE shall monitor the link for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer.

The transmitter power of the UE shall be turned off within 40 ms after expiry of T310 timer as specified in clause 5.3.11 in TS 36.331 [2].
Table 7.20.2.2-1: Qout and Qin Evaluation Period in DRX for HD-FDD NB-IoT UE
	DRX cycle length (s)
	TEvaluate_Qout_DRX_NB-IoT and TEvaluate_Qin_DRX_NB-IoT (s) 
(DRX cycles for RmaxNote1={1,2,4,8,16,32,64,128,256,512,2048})

	≤ 0.01
	Non-DRX requirements in clause 7.20.2.1 are applicable.

	0.01 < DRX cycle ≤ 0.04
	Note 2 ({[TBD],[TBD], …, [TBD]})

	0.04 < DRX cycle ≤ 0. 64
	Note 2 ({[TBD],[TBD], …, [TBD]})

	0.64 < DRX cycle ≤ 2.56
	Note 2 ({[TBD],[TBD], …, [TBD]})

	2.56 < DRX cycle ≤ 5.12
	Note 2 ({[TBD],[TBD], …, [TBD]})

	5.12 < DRX cycle ≤ 10.24
	Note 2 ({[TBD],[TBD], …, [TBD]})

	10.24 < DRX cycle ≤ 20.48
	Note 2 ({[TBD],[TBD], …, [TBD]})

	20.48 < DRX cycle ≤ 40.96
	Note 2 ({[TBD],[TBD], …, [TBD]})

	40.96 < DRX cycle ≤ 81.92
	Note 2 ({[TBD],[TBD], …, [TBD]})

	81.92 < DRX cycle ≤ 163.84
	Note 2 ({[TBD],[TBD], …, [TBD]})

	163.84 < DRX cycle ≤ 327.68
	Note 2 ({[TBD],[TBD], …, [TBD]})

	327.68 < DRX cycle ≤ 655.36
	Note 2 ({[TBD],[TBD], …, [TBD]})

	655.36 < DRX cycle ≤ 1310.72
	Note 2 ({[TBD],[TBD], …, [TBD]})

	1310.72 < DRX cycle ≤ 2621.44
	Note 2 ({[TBD],[TBD], …, [TBD]})

	2621.44 < DRX cycle ≤ 5242.88
	Note 2 ({[TBD],[TBD], …, [TBD]})

	5242.88 < DRX cycle ≤ 10485.76
	Note 2 ({[TBD],[TBD], …, [TBD]})

	NOTE 1:
Rmax is a configurable parameter defined in 36.331 and R>1
NOTE 2:
Evaluation period length in time depends on the length of the DRX cycle in use



7.20.2.3
Minimum requirement at transitions
The out-of-sync and in-sync evaluations of the NB-IoT cell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10ms, DRX_cycle_length).

When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation periods corresponding to the first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation of the NB-IoT cell.
<End of Changes>
