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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The purpose of Radio Link Monitoring (RLM) is to monitor the downlink radio link quality of the serving cell(s). Legacy RLM requirements are defined based on monitoring the downlink cell-specific reference signals (CRS) quality and compares the estimated quality to the out-of-sync and in-sync thresholds Qout and Qin, which corresponding to 10% and 2% BLER of hypothetical PDCCH channels [1].
In WG4#78-NB-IoT, RLM for NB-IoT was discussed with the following proposals [2]: 
· Proposal 1: Define a unified NB-IoT RLM requirements for all coverage levels in terms of the NPDCCH configurations (e.g., the number of the NPDCCH repetitions), i.e., not have separate  RLM requirements for different coverage levels;
· Proposal 2: Use the same NB-IoT RLM requirements for all UEs regardless configured on anchor carrier or non-anchor carrier;
· Proposal 3: Define the NB-IoT RLM requirements based only on N-RS in Rel-13.
· Proposal 4: Further discussion on whether to have separate NB-IoT RLM requirements for in-band and other operation modes.
While Proposal 3 was agreed, there were concerns on other proposals. During the meeting, it was proposed that [4] 
· RAN4 is to specify minimum RLM requirements for different ranges of Rmax.
· Whether RAN4 is to specify different RLM requirements for the different deployment modes based on the simulations outcome is FFS.
· Whether there is any impact of power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS RE in in-band/guard band is FFS. 
In this paper, we provide further discussion on above issues.
Discussion
RLM requirements for different ranges of Rmax 
In the endorsed CR for NB-IoT RLM, the NPDCCH transmission parameters were agreed that as shown in the following table:
Table 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
	Format N1 

	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
	 [TBD]
	 [TBD]

	NOTE 1:	Rmax is a configurable parameter defined in TS 36.331[2].



Table 2 Mapping of Rmax and Qout and Qin Evaluation Period in non-DRX for HD-FDD NB-IoT UE
	RmaxNote1
	TEvaluate_Qout_NB-IoT
	TEvaluate_Qin_NB-IoT

	RmaxNote1 ≤ [TBD]
	TBD
	TBD

	RmaxNote1 > [TBD]
	TBD
	TBD

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



As shown in above tables, the only differences between Out-of-sync and In-sync requirements are the parameters depending on the configured maximum repetitions. 
For Table 1, the scale factor ‘k’ should be defined with enough SNR offset between Out-of-sync and In-sync thresholds. Based on our simulation [6], for NPDCCH with the same settings (e.g., the number of repetitions), there is about 5dB SNR difference between 10% NPDCCH BLER and 2% NPDCCH BLER. Consider the NB-IoT RSRP measurement error is defined larger than 5dB, it is clear that ‘k’ cannot be equal to 1. Also, based on our simulation results, every double of NPDCCH repetitions will generate about 2-3 dB SNR gap, depending on the fading channel assumption. In general, we will need to have the Out-of-sync and In-sync SNR offset to be larger than RSRP measurement error. On the other hand, the Qout and Qin thresholds cannot be too large gap, since if the gap between Qout and Qin thresholds is too large, the UE may never be able to re-enter in-synch state, and the UE will go into RLF whenever it declares Out-of-sync.
Proposal 1: Set Maximum NPDCCH Repetition level as Rmax /4 for the In-sync requirements;
NB-IoT RLM for Difference Operation Modes
A NB-IoT UE may work on one of the operation mode: in-band, guard-band and standalone mode. From RLM point of view, whether to define separate requirements for UE configured on different mode also depend on the whether there are significant performance differences in these operation modes.
· NPDCCH performance differences on different operation modes
For  NPDCCH, as mentioned before, the same DCI size for DL and UL is for all operation modes and all coverage cases. The main difference between the inband NB-PDCCH and the NB-PDCCH in other modes is that the first few OFDM symbols (1~3) are reserved for legacy LTE control region, and thus not available for inband NB-PDCCH, while all OFDM symbols are assumed to be available for NB-PDCCH in stand-alone and guard-band modes. Thus, the maximum performance difference between inband NPDCCH and the NPDCCH in other operation modes can be as high as 3/14(~20%), which is about 1dB difference. The impact of the 1dB difference on RLM requirements  may need further discussion, which also depends on the NRS measurement performance in NB-IoT. For example, if NRS measurement error can be small, e.g., 3 ~ 4 dB, then the 1dB NPDCCH performance difference will be significant; If, however,  NRS measurement error is much larger, e.g., > 6  dB, then the 1dB NPDCCH performance difference may not be so significant.
· NRS performance differences on different operation modes
As defined in RAN1, for In-band operation, NB-RS is present without condition. For Stand-alone and guard-band operations, only NB-RS is used. Thus, we would not expect significant NRS performance difference on different operation modes assume only NB-RS measurements are used for RLM,
The impact of the 1dB difference on RLM may depend on NRS measurement performance. Since the 1dB difference is much smaller than RSRP measurement error; we see no need to NB-IoT RLM for different operation modes.
Proposal 2: No need to separate RLM requirements for difference operation modes;
Impact of power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS
Since NB-IoT RLM is based only on the monitoring of NRS quality and the mapping between NRS quality to NPDCCH BLER, the power of CRS should have no impact on the NB-IoT RLM. Therefore, the power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS should have no impact on NB-IoT RLM.
Proposal 3: Power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS should have no impact on NB-IoT RLM.

Summary
In this paper, we further discussed the NB-IoT RLM requirements. Based on the discussion, we have the following proposals: 
Proposal 1: Set Maximum NPDCCH Repetition level as Rmax /4 for the In-sync requirements;
Proposal 2: No need to separate RLM requirements for difference operation modes;
Proposal 3: Power-boosting of NB-IoT NPDCCH/NRS RE compared to LTE CRS should have no impact on NB-IoT RLM.
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