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1. Introduction

From RAN2 NB-IoT running CR [1] section Annex X.3.4 it can be found that 
Connected mode mobility:

-
Radio link monitoring and the associated radio link failure criterion shall be supported by NB-IOT UEs, assuming RAN 1 provides the means of measuring the DL quality.

-
the physical channel problem detection mechanism (i.e. N310, T310 and N311) as described in RRC (TS36.331) for NB-IOT (i.e. legacy LTE behaviour) is used.

-
FFS how to handle coverage level for RLF.

-
Radio link failure (when UE is in connected mode) due to Random Access failure indication from MAC should also be supported.

-
Radio link failure criterion due to maximum RLC retransmissions being reached should also be supported (similar to legacy).

-
It is FFS what are the cause values used internally in the UE when entering RRC_IDLE following RLF or re-establishment failure.
As it can be seen, radio link monitoring shall be supported by NB-IoT UEs. In last RAN4 Malta meeting, agreement on radio link monitoring was captured in a way forward [2] as follow:

· RAN4 is to study RLM performance of NB-IoT UEs using following options: 

· Option 1: Measurement based on NB-RS signals


· To be used as simulation baseline only. 

· Option 2: Measurement based on synchronization signals (e.g. NB-SSS) 

· provided that NB-SSS are available for measurement 

· Option 3: Measurement based on combination of NB-RS and NB-SSS.

· provided that NB-SSS are available for measurement

· Other options are not precluded

· RAN4 is to study whether the existing RLM procedure can be reused for NB-IOT. 

In this contribution, we will provide further analysis on radio link monitoring based latest RAN1/RAN2 agreement.
2. Discussion
2.1. RLM procedure
In last RAN4 meeting, it was agreed that:
· RAN4 is to study whether the existing RLM procedure can be reused for NB-IOT. 

Here we would to informatively present the existing RLM procedure:
The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell and PSCell. The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin. The threshold Qout 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 PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in following table.

	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in following table.

	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.

-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


As for NB-IoT, it has already been agreed in RAN2 that RLM should be supported. And from RAN4 perspective of view, the existing procedure can be reused, because it is very important for the UE to receive PDCCH properly. 

RAN1 has brand new design of PDCCH and RS, so-called NB-PDCCH and NB-RS. The acceptable BLER of NB-PDCCH in RAN1 is assumed to be 10% (although there is no specific agreement on this value, most of the evaluation in RAN1 is based on this assumption). Thus the Qout/Qin BLER needs to be revisited. Besides, RAN1 also has agreed on the boosting power, CCE level and new DCI format. So we propose:

Proposal 1: the existing procedure of RLM can be reused for NB-IoT.

Proposal 2: the requirement of Qout/Qin thresholds, measurement periods should be revisited.

One more thing we would like to remind is that NB-PDCCH in punctured on some REs for in-band deployment. This will result in different performance of NB-PDCCH demodulation for different deployments. In order to limit the work load, it is proposed to consider the worst case to derive RLM requirements. So we propose:

Proposal 3: RAN4 is to define a generic RLM requirement for all the deployments.
2.2. Measurement quantity
In last RAN1 Malta meeting, an LS [3] to RAN4 on multiple NB-Iot carriers operation for NB-IoT was agreed. The main content is as follow:
Agreement:

For the in-band, guard-band and standalone deployments

· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB
From above agreement one can see that UE in RRC_CONNECTED state might be configured to a PRB different than the NB-IoT carrier on which the UE has received NB-PSS/SSS. Considering that the bandwidth is only one PRB in frequency domain, the UE working on the anchor PRB is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB. Therefore, the option 2 and 3 in last agreement on RLM will not work under this scenario.
Observation: NB-SSS are not available for measurement for the UE working at a carrier different than the carrier on which UE has received NB-SSS.
So for this scenario, only NB-RS should be assumed for measurement. And it is straight forward that radio link monitoring should be performed based the measurement of NB-RS for this scenario. 
Meanwhile, if the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions. It means that for this scenario, NB-SSS can be used for measurement and radio link monitoring. It is reasonable to assume that utilization of NB-SSS combined with NB-RS can improve the measurement performance. However, the UE complexity would be increased if two measurement algorithms are adopted, i.e., one for measurement based on NB-RS on non-anchor carrier and the other one for measurement based on NB-SSS (or combination of NB-SSS and NB-RS) on anchor carrier. Given that the NB-IoT chip is expected to be low cost, it is wise to have consistent measurement algorithm.

One may argue that the measurement performance of NB-RS might not be good enough due to small bandwidth and large coverage. But this problem can be solved somehow, e.g. by increasing the measurement sample and prolonging the measurement period as what we did in e-MTC. On the other hand, the measurement performance based on NB-RS can be sufficient at least for non-anchor carrier deployment. 
So here we can have the following proposal:
Proposal 4: radio link monitoring should be performed based on the measurement of only NB-RS.

3. Conclusions

In this contribution, we provide discussion on RLM for NB-IoT. After discussion, the following conclusions are provided:
Proposal 1: the existing procedure of RLM can be reused for NB-IoT.

Proposal 2: the requirement of Qout/Qin thresholds, measurement periods should be revisited.

Proposal 3: RAN4 is to define a generic RLM requirement for all the deployments.
Proposal 4: radio link monitoring should be performed based on the measurement of only NB-RS.
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