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Introduction
[bookmark: _GoBack]Mobility design and RRM measurement is one of the important components for NR to support various performance KPIs and requirements, which is proposed in [1].
In RAN1#86 meeting, the RRM measurements has been discussed, and it has been agreed that at least DL measurement is supported [2]: 
	· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now



It also agreed that the measurement accuracy is the one of performance metrics in evaluation assumption of DL mobility and UL mobility [3]. In addition, to mitigate interference and to reduce the overhead, the DL measurement reference signals should be minimized in both frequency domain and time domain, and thus it should consider RRM measurement over narrowband reference signal. However, the measurement accuracy will be impacted by the considered measurement frequency bandwidth and time length of measurement. Therefore, the accuracy of NR DL measurement signal should be revisited.
This contribution investigates the accuracy of DL RRM measurement over narrowband reference signal and discusses the related physical layer specification impact.
Discussion
DL RRM Measurement over Narrowband Reference Signals
DL RRM measurement signals already exist in LTE such as CRS or DRS. However, to mitigate interference and to reduce overhead, the RRM measurement reference signals should be minimized in both frequency domain and time domain, and thus it should consider RRM measurement over narrowband reference signal. An example of RRM measurement over narrowband reference signal is shown in Figure 1. 

Figure 1. Illustration of DL RRM measurement over narrowband reference signal with 15 kHz subcarrier spacing

Clearly, the considered measurement frequency bandwidth and the time length of measurement could affect the measurement accuracy. Since the requirement of measurement accuracy is not clear for NR at this point, we reference LTE RSRP measurement requirement as a starting point. In LTE, the RSRP intra frequency absolute accuracy has been specified in [4]. We revisit the RSRP accuracy under legacy LTE CRS pattern within various measurement frequency bandwidth and length of measurement.
The evaluation results of NR DL measurement signals with 15 kHz subcarrier spacing and with 60 kHz subcarrier spacing are shown in section 2.2 and in section 2.3, respectively. In this evaluation, single time duration for measurement is considered. 
Evaluation Results of 15k Hz Subcarrier Spacing 
With 15 kHz subcarrier spacing and UE speed of 30 km/h, the accuracy of RSRP within measurement frequency bandwidth of 6 PRBs (1.4MHz), 25 PRBs (5MHz), 50 PRBs (10MHz), 100 PRBs (20MHz) are shown in Figure 2. In Figure 2, different time lengths of measurement are shown in each sub-plot. 
While RSRP accuracy should be +/- 4.5dB in [4], and if we take 2.5dB RF margin into account, the required RSRP accuracy should be +/- 2dB. Therefore, we have the following observations from Figure 2: 
· With measurement frequency bandwidth of 6PRBs (1.4 MHz, blue line), it requires measurement length of 14 ms to achieve RSRP accuracy of +/- 2dB.
· With measurement frequency bandwidth of 25PRBs (5 MHz, green line), it requires measurement length of 4 ms to achieve RSRP accuracy of +/- 2dB.
· With measurement frequency bandwidth of 50 PRBs (10 MHz, red line), it requires measurement length of 2 ms to achieve RSRP accuracy of +/- 2dB.
· With measurement frequency bandwidth of 100 PRBs (20 MHz, light-blue line), it requires measurement length of 1 ms to achieve RSRP accuracy of +/- 2dB.

[bookmark: _Ref458441075][image: ][image: ][image: ][image: ]
Figure 2. Accuracy of RSRP with 15 kHz subcarrier spacing 

Furthermore, the required time lengths of measurement to achieve RSRP accuracy of +/- 2dB at various UE speed are summarized in Table 1.
Table 1. Required length of measurement with 15 kHz subcarrier spacing
	UE speed
	3 km/h
	30 km/h
	60 km/h
	120 km/h
	480 km/h

	6 PRBs
	14 ms
	14 ms
	10 ms
	8 ms
	6 ms

	25 PRBs
	4 ms
	4 ms
	4 ms
	4 ms
	3 ms

	50 PRBs
	1 ms
	2 ms
	2 ms
	2 ms
	1 ms

	100 PRBs
	1 ms
	1 ms
	1 ms
	1 ms
	1 ms



Observation #1: With 15 kHz subcarrier spacing, the RSRP measurement on reference signals over 5MHz in frequency domain & 4ms in time domain can meet LTE RSRP measurement requirement even though the carrier bandwidth is 20MHz.
Proposal #1: For DL RRM measurement, RSRP measurement over narrowband reference signals should be considered in NR.
Evaluation Results of 60k Hz Subcarrier Spacing 
With 60 kHz subcarrier spacing and UE speed of 30 km/h, the accuracy of RSRP within measurement frequency bandwidth of 6 PRBs (5.6MHz), 25 PRBs (20MHz), 50 PRBs (40MHz), 100 PRBs (80MHz) are shown in Figure 3. In Figure 3, different time lengths of measurement are shown in each sub-plot. 
While RSRP accuracy should be +/- 4.5dB in [4], and if we take 2.5dB RF margin into account, the required RSRP accuracy should be +/- 2dB. Therefore, we have the following observations from Figure 3: 
· With measurement frequency bandwidth of 6PRBs (5.6 MHz, blue line), it requires measurement length of 4.5 ms to achieve RSRP accuracy of +/- 2dB.
· With measurement frequency bandwidth of 25PRBs (20 MHz, green line), it requires measurement length of 0.5 ms to achieve RSRP accuracy of +/- 2dB.
· With measurement frequency bandwidth of 50 PRBs or more (40 MHz, 80MHz), it requires measurement length of 0.25 ms to achieve RSRP accuracy of +/- 2dB.
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Figure 3. Accuracy of RSRP with 60 kHz subcarrier spacing


Furthermore, the required time lengths of measurement to achieve RSRP accuracy of +/- 2dB at various UE speed are summarized in Table 2.
Table 2. Required length of measurement with 60 kHz subcarrier spacing
	UE speed
	3 km/h
	30 km/h
	60 km/h
	120 km/h
	480 km/h

	6 PRBs
	4.5 ms
	4.5 ms 
	4.5 ms
	4.5 ms
	2.75 ms

	25 PRBs
	0.5 ms
	0.5 ms
	0.5 ms
	0.5 ms
	0.5 ms

	50 PRBs
	0.25 ms
	0.25 ms
	0.25 ms
	0.25 ms
	0.25 ms

	100 PRBs
	0.25 ms
	0.25 ms
	0.25 ms
	0.25 ms
	0.25 ms



Observation #2: With 60 kHz subcarrier spacing, the RSRP measurement on reference signals over 20MHz in frequency domain & 0.5ms in time domain can meet LTE RSRP measurement requirement even thought the carrier bandwidth is 80MHz.
Proposal #2: For DL RRM measurement, RSRP measurement over sparse reference signals in time domain should be considered in NR.
Conclusion
Observations and proposals are summarized as follows.
Observation #1: With 15 kHz subcarrier spacing, the RSRP measurement on reference signals over 5MHz in frequency domain & 4ms in time domain can meet LTE RSRP measurement requirement even though the carrier bandwidth is 20MHz.
Observation #2: With 60 kHz subcarrier spacing, the RSRP measurement on reference signals over 20MHz in frequency domain & 0.5ms in time domain can meet LTE RSRP measurement requirement even thought the carrier bandwidth is 80MHz.
Proposal #1: For DL RRM measurement, RSRP measurement over narrowband reference signals should be considered in NR.
Proposal #2: For DL RRM measurement, RSRP measurement over sparse reference signals in time domain should be considered in NR.
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