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1 Introduction

One of the objectives of the new work item on Further NB-IOT enhancements [1] is to introduce support for TDD operation. The exact objective is stated as follows:
	Support for TDD [RAN1, RAN2, RAN4]
Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios

· In addition to the baseline, support the following:

· Based on Rel-14 FDD designs:

· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.

· Non-anchor carrier operation for paging and random access

· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.

· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.

· Specify band specific requirements for band 41


RAN4 has discussed the RRM impact due to TDD support for NB-IOT. The conclusion has been that there is no impact, and most of the requirements are possible to reuse. In this contribution, we provide our view on how the agreements can be captured in the specification. 
2 Discussion
Following NB-IOT requirements are currently specified in the specification:

· Cell Selection and Re-selection Requirements for UE category NB1

· Idle State Positioning Measurement Requirements for UE category NB1

· RRC Re-establishment for NB-IoT UEs

· Random Access for UE category NB1

· UE transmit timing for NB-IoT
· UE timer accuracy for NB-IoT

· Radio Link Monitoring for Category NB1 UE

· Measurements for UE category NB1
· Measurement accuracy for UE Category NB1

· Power Headroom for UE Category NB1

Out of these, only following two requirements depend on the HD-FDD duplex mode while others are agnostic to the duplex:
· Radio link monitoring requirements

· Measurement accuracy requirements
It was observed in our previous paper that the existing HD-FDD NB-IOT measurement accuracy requirements can be reused also for TDD NB-IOT. For the measurement accuracy requirements, it is possible to modify the current measurement accuracy tables to support TDD, and also the new NB-IOT TDD bands need to be added. For the RLM requirements, it seems possible to reuse the current HD-FDD requirements, but the DRX cycles required for the measurments can be different since it is TDD. These values are shown as TBD. 
Below we show example of how these agreements can be captured in the specification. 
2.1 Proposed change for measurement accuracy requirements

Start of change #1
2.1.1.1 9.1.22.1
Intra-frequency Absolute NRSRP Accuracy for UE Category NB1
The requirements for absolute accuracy of NRSRP in this clause apply to a cell on the same frequency as that of the serving cell for UE Category NB1 for stand-alone, guard-band and in-band deployments.
The accuracy requirements in Table 9.1.22.1-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one or two ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

NRSRP|dBm according to Annex B.3.25 for a corresponding Band
At least 1 DL subframe per radio frame of measured cell is available at the UE for NRSRP measurement assuming measured cell is identified cell.
Table 9.1.22.1-1: NRSRP Intra frequency absolute accuracy for UE Category NB1 for HD-FDD and TDD 

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	NFDD_G+NB-IOT TDD bands
	-122.9
	N/A
	-70

	(8
	(11
	(-6 dB
	NFDD_G+NB-IOT TDD bands
	N/A
	-70
	-50

	(10.3
	(13.3
	-15≤Ês/Iot≤--6 dB
	NFDD_G+NB-IOT TDD bands
	- 122.9
	N/A
	-70

	(12.3
	(15.3
	-15≤Ês/Iot≤--6 dB
	NFDD_G+NB-IOT TDD bands
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
E-UTRA operating band groups are as defined in Section 3.5. 


2.1.1.2 9.1.22.2
Void
2.1.1.3 9.1.22.3
Intra-frequency Absolute NRSRQ Accuracy for UE Category NB1 in Normal Mode 

The requirements for absolute accuracy of NRSRQ in this clause apply to a cell on the same frequency as that of the serving cell for NB-IoT UE for stand-alone, guard-band and in-band deployments.
The accuracy requirements in Table 9.1.22.3-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one or two antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

NRSRP|dBm according to Annex B.3.25 for a corresponding Band

At least 1 DL subframe per radio frame of measured cell is available at the UE for NRSRQ measurement assuming measured cell is identified cell.
Table 9.1.22.3-1: NRSRQ Intra frequency absolute accuracy for UE Category NB1 for HD-FDD and TDD
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel

	(5.2
	(8.2
	(-3 dB
	NFDD_G+NB-IOT TDD bands
	-122.9
	-50

	(7.2
	(10.2
	(-6 dB
	Note 2
	Note 2
	Note 2

	(9.5
	(12.5
	-15≤Ês/Iot≤--6 dB
	NFDD_G+NB-IOT TDD bands
	-122.9 
	-50

	(11.5
	(14.5
	-15≤Ês/Iot≤--6 dB
	Note 2
	Note 2
	Note 2

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


2.1.1.4 9.1.22.4
Void
2.1.1.5 9.1.22.5
Inter-frequency Absolute NRSRP Accuracy for UE Category NB1
The requirements for absolute accuracy of NRSRP in this clause apply to a cell that has different carrier frequency from the serving cell.
The accuracy requirements in Table 9.1.22.5-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one or two antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

NRSRP|dBm according to Annex B.3.26 for a corresponding Band

At least 1 DL subframe per radio frame of measured cell is available at the UE for NRSRP measurement assuming measured cell is identified cell.
Table 9.1.22.5-1: NRSRP Inter frequency absolute accuracy for UE Category NB1 for HD-FDD and TDD
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	NFDD_G+NB-IOT TDD bands
	-122.9
	N/A
	-70

	(8
	(11
	(-6 dB
	NFDD_G+NB-IOT TDD bands
	N/A
	-70
	-50

	(10.3
	(13.3
	-15≤Ês/Iot≤--6 dB
	NFDD_G+NB-IOT TDD bands
	-122.9
	N/A
	-70

	(12.3
	(15.3
	-15≤Ês/Iot≤--6 dB
	NFDD_G+NB-IOT TDD bands
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
E-UTRA operating band groups are as defined in Section 3.5. 


2.1.1.6 9.1.22.6
Void
2.1.1.7 9.1.22.7
Inter-frequency Absolute NRSRQ Accuracy for UE Category NB1
The requirements for absolute accuracy of NRSRQ in this clause apply to a cell that has different carrier frequency from the serving cell.
The accuracy requirements in Table 9.1.22.7-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one or two antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

NRSRP|dBm according to Annex B.3.26 for a corresponding Band

At least 1 DL subframe per radio frame of measured cell is available at the UE for NRSRQ measurement assuming measured cell is identified cell.
Table 9.1.22.7-1: NRSRQ Inter frequency absolute accuracy for UE Category NB1 for HD-FDD and TDD
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel

	(5.2
	(8.2
	(-3 dB
	NFDD_G+NB-IOT TDD bands
	-122.9
	-50

	(7.2
	(10.2
	(-6 dB
	Note 2
	Note 2
	Note 2

	(9.5
	(12.5
	-15≤Ês/Iot≤--6 dB
	NFDD_G+NB-IOT TDD bands
	-122.9 
	-50

	(11.5
	(14.5
	-15≤Ês/Iot≤--6 dB
	Note 2
	Note 2
	Note 2

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


End of change #1
2.2 Proposed change to RLM requirements
Start of change #2
7.23.3
Requirements for TDD Category NB1 UE

The requirements defined in this subclause 7.23.3 for performing radio link monitoring are applicable for Category NB1 UE defined in Section 3.1 in TDD.
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 7.23.2-1.

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 7.23.2-1.
7.23.3.1
Minimum requirement when no DRX is used
The NB-IOT TDD category NB1 hall meet all applicable requirements specified in clause 7.23.2.1.
7.23.3.2
Minimum requirement when DRX is used
When DRX is used for TDD Category NB1 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 7.23.2.2-1 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 7.23.3.2-1: Qout and Qin Evaluation Period in DRX for TDD Category NB1 UE
	DRX cycle length (s)
	TEvaluate_Qout_DRX_NB-IoT and TEvaluate_Qin_DRX_NB-IoT (s) 

	
	DRX cycles for Rmax ≤ 64
	DRX cycles for Rmax > 64

	0.256 < DRX cycle ≤ 1.024
	Note 1 (TBD)
	Note 1 (TBD)

	1.024 < DRX cycle ≤ 3.072
	Note 1 (TBD)
	Note 1 (TBD)

	4.096 < DRX cycle ≤ 10.24
	Note 1 (TBD)
	Note 1 (TBD)

	NOTE 1:
Evaluation period length in time depends on the length of the DRX cycle in use


7.23.3.3
Minimum requirement at transitions
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 change #2
3 Conclusion
In this contribution, we have discussed what requirements are affected due to NB-IOT TDD support. We have identified that most of current requirements can be reused as they are agnostic to the duplex mode. But the measurement accuracy requirements and radio link monitoring requirements need to be defined expliclity for NB-IOT TDD. In this paper, we have given example of how these can be captured in the specification.
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