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1. Introduction

In previous meetings, RAN4 has widely discussion on RRM measurement for NB-IoT. A WF [1] was agreed in last RAN4 #78-NB-IoT meeting, in which RAN4 agreed that:
· Coverage levels: 

· Two coverage levels for all RRM requirements: normal and extended. 
· The NRS SNR of normal coverage is down to -6dB
· The NRS SNR of extended coverage is down to -15dB
· Measurement period for NRSRP/NRSRQ: 

· L1 measurement period = [400] ms in non-DRX for normal coverage level. 

· L1 measurement period = [800] ms in non-DRX for extended coverage level. 

· In DRX number of DRX cycles is TBD for both coverage levels.
· Measurement accuracy: 

· RAN4 is to define different intra-frequency absolute accuracy requirements for NRSRP and NRSRQ under normal and extended coverage.

· RAN4 is to define different inter-frequency absolute accuracy requirements for NRSRP under normal and extended coverage

· RAN4 is not to define accuracy requirement for relative NRSRP measurement

· RAN4 is not to define accuracy requirement for inter-frequency NRSRQ measurement

· Number of inter-frequency carriers to monitor in idle state: 

· UE shall be capable of monitoring at least 2 inter-frequency carriers and one serving carrier in RRC idle state 
In this contribution, we will provide discussion on the left open issues based on the simulation result.
2. Discussion
From the above agreement it can be found that the L1 measurement period for non-DRX case is still with square bracket. Meanwhile, for DRX case, measurement period is TBD for both coverage levels. Furthermore, RAN4 also need to discuss the NRSRP/NRSRQ measurement accuracy under the agreed side condition for both normal and enhanced coverage.
Here we would like to discuss the measurement period along with accuracy under normal and enhanced coverage respectively. 

Measurement in RRC_CONNECTED state under normal coverage
· Measurement period in non-DRX

The tentative measurement period and sample duration are 400ms and 3ms, respectively.  Sample rate is assumed 40ms. The side condition of normal coverage was agreed as -6dB. So, it can be observed in our simulation results in [2] that the NRSRP measurement accuracy could achieve (7 dB, considering 2~3 dB RF margin. Informatively, we would like to remind that (7 dB is also the same requirement for UE category M1 under CE mode A. Thus, from system performance point of view, (7 dB is acceptable for NRSRP measurement accuracy under normal coverage. Here we propose:

Proposal 1: L1 measurement period for NRSRP measurement in non-DRX under normal coverage is 400ms. 
Proposal 2: NRSRP measurement accuracy under normal coverage is [(7 dB].

Proposal 3: NRSRQ measurement accuracy under normal coverage is [(6 dB].

· Measurement period in DRX
Notably, 400ms L1 measurement period is the same as UE category M1 under normal coverage. Thus we expect that the requirement for eMTC can be readily reused. A proposed requirement is provided as follow:

Proposal 4: L1 measurement period for NRSRP measurement in DRX under normal coverage is as follow:

Table 1. Requirement to measure NB-IoT intra-frequency cell under normal coverage
	DRX cycle length (s)
	Tmeasure_intra_UE cat NB1 (s) (DRX cycles)

	≤0.04
	0.4 (Note1)

	0.04<DRX-cycle≤0.16
	Note2 (7)

	0.16<DRX-cycle≤10.24
	Note2(5)

	NOTE 1:
Number of DRX cycle depends upon the DRX cycle in use

NOTE 2:
Time depends upon the DRX cycle in use


Note that when 0.04<DRX-cycle≤0.16, the Tmeasure_intra_UE cat NB1 is 7 times DRX cycle, as can be seen in Table 1. This will allow sufficient power saving in the UE. This is similar to the approach used for requirements in DRX for MTC, eMTC and eCIC/FeCIC. We expect that this can also be reused for NB-IoT.
Measurement in RRC_CONNECTED state under enhanced coverage

· Measurement period in non-DRX

It was approved in [1] that the NRS SNR of enhanced coverage is down to -15dB, where UE might have poor performance on measurement accuracy. As it can be found in link level simulation results from companies that increased measurement period provides a gain in the NRSRP measurement accuracy. This was also what we did for UE category M1 under enhanced coverage, i.e. measurement period was extended under CE mode B compared to CE mode A. However, some company concerned that longer measurement period might impair the measurement efficiency. Therefore, it’s better to analyze the use case of this measurement before we make the decision.
As we all know handover and measurement report are not supposed to be supported, thus the NRSRP measurement in RRC_CONNECTED state are used for UE mobility. The reason why we keep NRSRP measurement in RRC_CONNECTED state is that UE has to estimate the downlink path-loss based on the filtered NRSRP measurement results, which is an essential part in UE uplink power control. 

Observation 1: NRSRP measurement in RRC_CONNECTED state is used for uplink power control.

Considering low mobility for NB-IoT UE under enhanced coverage, downlink path-loss might not vary too much during a certain short period. Furthermore, in RAN1 #84bis meeting an LS [3] was approved to RAN4, in which the following agreement in RAN1 was captured:
Agreements:

· MNPUSCH,c(i): {1/4, 1, 3, 6,12}  (reflecting UL transmission resource bandwidth normalized by 15 kHz)

· No power adjustment parameter in DCI, i.e. fc(i)=0

· Power control for ACK/NACK: (fractional pathloss compensation parameter) alpha = 1


· If number of repetitions (including the initial transmission) of the allocated RUs > 2, then UE uses max power

· The set of values for power offset between NB-RS and LTE CRS is {-6, -4.77, -3, -1.77, 0, 1, 1.23, 2, 3, 4, 4.23, 5, 6, 7, 8, 9} dB.
As can be seen in yellow highlight above that if number of repetitions (including the initial transmission) of the allocated RUs > 2, then UE uses max power. In practice it is rational to assume that UE under enhanced coverage can expects certain level of repetition (>2). In another word, UE under enhanced coverage probably use max power for uplink transmission almost all the time. Moreover, there are some views that network may optimize the power control related configuration to make UE in 144dB MCL region to maximize the uplink transmission power.
Observation 2: UE under enhanced coverage probably use max power for uplink transmission.
Therefore, considering observation 1 and 2 together, it seems that NRSRP measurement in RRC_CONNECTED under enhanced coverage is not so essential, since anyway UE may use max power for uplink transmission most of the time. Considering power consumption, it’s rational to reduce the measurement activity under this condition. Thus we can have following proposals:
Proposal 5: it’s rational to reduce measurement activity for UE under enhanced coverage, given that UE may use max power for uplink transmission all the time.

Technically, measurement accuracy depends on measurement period. It can also be found in simulation results from companies in last RAN4 Tista meeting that increasing measurement period can improve the measurement accuracy. Although measurement in RRC_CONNEDTED state under enhanced coverage is not so critical, RAN4 still need to be careful of the measurement period. Since it may impact the measurement accuracy which is also used in cell selection/reselection in RRC_IDLE state. Here we propose 1600ms as measurement period in RRC_CONNECTED state under enhanced coverage, for better power saving in RRC_CONNECTED state and better accuracy in RRC_IDLE state.
Proposal 6: L1 measurement period for NRSRP measurement in non-DRX under enhanced coverage is 1600ms.
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Figure 1 NRSRP accuracy with 1600ms measurement period, 3ms sample duration
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Figure 2 NRSRQ accuracy with 1600ms measurement period, 3ms sample duration

Here we provide measurement accuracy simulation result with 1600ms measurement period, from which we have following proposals:
Proposal 7: NRSRP measurement accuracy under normal coverage is [(9.5 dB].

Proposal 8: NRSRQ measurement accuracy under normal coverage is [(8 dB].
· Measurement period in DRX

Since anyway UE in RRC_CONNECTED state may use max power for uplink transmission most of the time when it is under enhanced coverage, it’s not so necessary to increase measurement activity even in DRX state. Here we propose the same DRX is assumed for each measurement period as it is specified in normal coverage.

Proposal 9: L1 measurement period for NRSRP measurement in DRX under enhanced coverage is as follow:

Table 2. Requirement to measure NB-IoT intra-frequency cell under normal coverage
	DRX cycle length (s)
	Tmeasure_intra_UE cat NB1 (s) (DRX cycles)

	≤0.16
	1.6 (Note1)

	0.256<DRX-cycle≤0.512
	Note2 (7)

	0.512<DRX-cycle≤10.24
	Note2(5)

	NOTE 1:
Number of DRX cycle depends upon the DRX cycle in use

NOTE 2:
Time depends upon the DRX cycle in use


3. Conclusions

In this contribution, we provide further discussion on NB-IoT RRM measurement. Based on the analysis, the following conclusions are made:
Proposal 1: L1 measurement period for NRSRP measurement in non-DRX under normal coverage is 400ms. 
Proposal 2: NRSRP measurement accuracy under normal coverage is [(7 dB].

Proposal 3: NRSRQ measurement accuracy under normal coverage is [(6 dB].

Proposal 4: L1 measurement period for NRSRP measurement in DRX under normal coverage is as follow:

Table 1. Requirement to measure NB-IoT intra-frequency cell under normal coverage
	DRX cycle length (s)
	Tmeasure_intra_UE cat NB1 (s) (DRX cycles)

	≤0.04
	0.4 (Note1)

	0.04<DRX-cycle≤0.16
	Note2 (7)

	0.16<DRX-cycle≤10.24
	Note2(5)

	NOTE 1:
Number of DRX cycle depends upon the DRX cycle in use

NOTE 2:
Time depends upon the DRX cycle in use


Observation 1: NRSRP measurement in RRC_CONNECTED state is used for uplink power control.

Observation 2: UE under enhanced coverage probably use max power for uplink transmission.

Proposal 5: it’s rational to reduce measurement activity for UE under enhanced coverage, given that UE may use max power for uplink transmission all the time.

Proposal 6: L1 measurement period for NRSRP measurement in non-DRX under enhanced coverage is 1600ms.
Proposal 7: NRSRP measurement accuracy under normal coverage is [(9.5 dB].

Proposal 8: NRSRQ measurement accuracy under normal coverage is [(8 dB].

Proposal 9: L1 measurement period for NRSRP measurement in DRX under enhanced coverage is as follow:

Table 2. Requirement to measure NB-IoT intra-frequency cell under normal coverage
	DRX cycle length (s)
	Tmeasure_intra_UE cat NB1 (s) (DRX cycles)

	≤0.16
	1.6 (Note1)

	0.256<DRX-cycle≤0.512
	Note2 (7)

	0.512<DRX-cycle≤10.24
	Note2(5)

	NOTE 1:
Number of DRX cycle depends upon the DRX cycle in use

NOTE 2:
Time depends upon the DRX cycle in use
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