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Introduction
[bookmark: _GoBack]In RAN1#86bis meeting, it has been agreed that NR supports cell DL cell-level measurement in IDLE mode UE and non-UE-specific DL signals can be used for CONNECTED mode RRM measurement [1]: 
	Agreements:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.
· Detailed definition of NR cell FFS
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement
· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)
· Option 2: RS for demodulating broadcast channel
· Option 3: RS for mobility
· FFS if and how to associate the cell ID with this RS
· FFS this RS is for multi-beam and/or single-beam
· Option 4: Any combinations of above
· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode
Agreements:
· For L3 mobility based on DL measurement in CONNECTED mode UE:
· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement
· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement
· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
· Option 2: RS for mobility
· FFS how to associate it with beam-ID and/or Cell-ID
· Option 3: RS for demodulating broadcast channel
· Option 4: A combination of option 1 and 2
· Other options are not precluded
· At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.
· FFS which RRM measurement quantities to define, e.g., RSRP, RSRQ
· Study the following options for RRM measurement quantities to be reported for L3 mobility:
· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)
· Option 2: derived per beam
· Option 3: A combination of option 1 and 2
· Other options are not precluded
· FFS for other UE states (if introduced by RAN2)



The design of DL measurement signal would impact on measurement accuracy and UE power consumption. Both of measurement accuracy and UE power consumption have been agreed as performance metrics in evaluation assumption of DL mobility [2], and they could be impacted by considered measurement frequency bandwidth, measurement periodicity, time length of measurement, pattern of measurement reference signal, and number of measurements. 
This contribution investigates the design of DL measurement signals from aspects of measurement accuracy and power consumption.
Discussion
DL RRM Measurement over Narrowband Reference Signals
Reference signals (RS) are required for RRM measurement to evaluate cell quality. The additional signaling for indication of RRM RS information is difficult, especially for IDLE mode UE. The broadcast reference signals for DL RRM measurement already exist in LTE such as CRS or DRS, and it has been considered in both IDLE mode and CONNECTED mode [1]. Considering the broadcast transmission of synchronization signals, broadcast RS associated with synchronization signals should be considered for NR RRM measurement. 
Broadcast beam-specific RS for RRM measurement could also be considered in both IDLE mode and CONNECTED mode, and it is beneficial to have a unified design of IDLE mode and CONNECTED mode. In addition, beam-specific RS carrying beam identity will provide more flexibility for cell selection/reselection in IDLE mode. More details and benefits of the beam visibility in IDLE mode can be found in our companion contributions [3][4]. 
However, to mitigate excessive RS caused interference and to reduce unnecessary RS transmission and overhead, the broadcast reference signals should be minimized in both frequency domain and time domain, and thus it should consider RRM measurement over narrowband reference signal, which is also beneficial for the forward compatibility supporting flexible resource allocation with avoidance of fixed and wide-band RS transmission. 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, considered measurement frequency bandwidth, measurement periodicity, time length of measurement, pattern of measurement reference signal, and number of measurements could all affect the measurement accuracy. Since the requirement of measurement accuracy is not clear for NR, we reference LTE RSRP measurement requirement as a starting point. In LTE, the RSRP intra/inter-frequency absolute accuracy has been specified in [5], where 1.4 MHz measurement bandwidth with 40 ms measurement periodicity is typically assumed in LTE for intra/inter-frequency measurement and used for defining RAN4 requirements. In addition, In LTE, transmission period for DRS is also assumed as every 40 ms. 
Observation 1: For RSRP, 40 ms measurement periodicity is typically assumed in LTE to define intra/inter-frequency requirements in RAN4.
Proposal 1: 40ms period can be a baseline to be assumed for RRM measurement.
In this contribution, we further compare following schemes: 
· Scheme A1: 6 PRBs measurement bandwidth with 40 ms measurement periodicity
· Scheme A2: 6 PRBs measurement bandwidth with 80 ms measurement periodicity
· Scheme B1: 25 PRBs measurement bandwidth with 40 ms measurement periodicity
· Scheme B2: 25 PRBs measurement bandwidth with 80 ms measurement periodicity
The evaluation results of measurement accuracy with 15 kHz/60 kHz subcarrier spacing are shown in section 2.2, and the required number of measurements with 15 kHz/60 kHz subcarrier spacing is shown in section 2.3. It assumed that: 
· Measurement time length = 1 ms for 15 kHz subcarrier spacing, and measurement time length = 0.25 ms for 60 kHz subcarrier spacing.
· measurement period = 200 ms, and thus the maximum number of measurements are 5 times and 2 times for the periodicity of 40 ms and 80 ms, respectively. 
· The reported measurement result after layer 1 filtering is an average value of the measurements over the measurement period. 
· Carrier frequency = 4 GHz. 
· In the RRM measurement region, one possible RS pattern for RRM measurement is shown in Appendix, which is similar to LTE CRS pattern.
Measurement Accuracy with 15 k Hz/60 kHz Subcarrier Spacing 
While RSRP accuracy should be +/- 4.5 dB in [5], and if we take 2.5 dB RF margin into account, the required RSRP accuracy should be +/- 2 dB. With UE speed of 30 km/h and 120 km/h, the measurement accuracy of different measurement schemes with 15 kHz and 60 kHz subcarrier spacing and are shown in Figure 2 and Figure 3, respectively.
[bookmark: _Ref458441075][image: ][image: ]
Figure 2. Accuracy of RSRP with 15 kHz subcarrier spacing 
From Figure 2, we have the following observations with 15 kHz subcarrier spacing: 
· Scheme A1 (1.4 MHz, 40 ms), B1 (5 MHz, 40 ms), and can both achieve RSRP accuracy of +/- 2dB. 
· Scheme B1 is more accurate than Scheme A1.
· With lowering duty cycle of Scheme A1 and B1, Scheme B2 (5 MHz, 80 ms) can achieve RSRP accuracy of +/- 2dB, while Scheme A2 (1.4 MHz, 80 ms) could not achieve. 
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Figure 3. Accuracy of RSRP with 60 kHz subcarrier spacing 

From Figure 3, we have similar observations with 60 kHz subcarrier spacing:
· Scheme A1 (5.6 MHz, 40 ms), B1 (20 MHz, 40 ms), and can both achieve RSRP accuracy of +/- 2dB. 
· Scheme B1 is more accurate than Scheme A1.
· With lowering duty cycle of Scheme A1 and B1, Scheme B2 (20 MHz, 80 ms) can achieve RSRP accuracy of +/- 2dB, while Scheme A2 (5.6 MHz, 80 ms) could not achieve.
Therefore, we observe: 

Observation 2: For RSRP, 25 PRBs with 40ms measurement period can lower the duty cycle, improve measurement accuracy and reduce the power consumption, compared to 6 PRBs with 40ms measurement period.

Minimum Number of Measurements with 15k Hz/60 kHz Subcarrier Spacing 
In this section, number of measurements to achieve RSRP accuracy is investigated. The number of measurements is closely related to power consumption. With fewer measurements, potentially the power consumption can be lower. In addition, UE is able to report up-to-date cell quality estimation promptly with fewer measurements.
The minimum number of measurements to achieve RSRP accuracy of +/- 2dB at various UE speed with 15/60 kHz are summarized in Table 1 and Table 2, respectively. 
Table 1. Minimum number of measurements with 15 kHz subcarrier spacing
	UE speed
	30 km/h
	60 km/h
	120 km/h
	480 km/h

	Scheme A1
	3
	3
	3
	3

	Scheme B1
	2
	2
	2
	2

	Scheme A2
	3
	3
	3
	3

	Scheme B2
	2
	2
	2
	2



Table 2. Minimum number of measurements with 60 kHz subcarrier spacing
	UE speed
	30 km/h
	60 km/h
	120 km/h
	480 km/h

	Scheme A1
	3
	3
	3
	3

	Scheme B1
	2
	2
	2
	2

	Scheme A2
	3
	3
	3
	3

	Scheme B2
	2
	2
	2
	2



From Table 1 and Table 2, we observe:
· Wider narrowband reference signals (25 PRBs) could achieve accuracy with fewer measurements, compared to measurement bandwidth of 6 PRBs. 
· With fewer measurements, potentially the power consumption can be lower due to more time for power saving.
· Measurement bandwidth of 5 MHz (25PRBs) with subcarrier spacing of 15 kHz could achieve accuracy with fewer measurements, compared to measurement bandwidth of 5.6 MHz (6PRBs) with subcarrier spacing of 60 kHz. 
Therefore, we have following observation and proposals. 
Observation 3: Wider narrowband reference signals (25 PRBs) could achieve the accuracy target with fewer measurements and potentially lower the power consumption.
Observation 4: Measurement bandwidth of 5 MHz (25PRBs) with subcarrier spacing of 15k Hz could achieve the accuracy target with fewer measurements, compared to measurement bandwidth of 5.6 MHz (6PRBs)  with subcarrier spacing of 60 k Hz. 
Using Narrowband Reference Signals to Estimate Wideband Signal Received Power  
In LTE, narrow band RSRP (6PRB) measurement is commonly used to estimate cell quality in the procedure of cell-(re)selection and handover decision. However, the narrow band measurement would not reflect the quality of cell with wide bandwidth.  Therefore, it needs L1 and L3 filtering to average out the fast fading to properly estimate cell quality. With wider narrowband reference signal, it may need fewer measurements for cell quality evaluation and provide on-date channel quality. Potentially, it could reduce HO latency. 
The minimum number of narrowband measurements to estimate wideband signal received power (100 PRBs) with accuracy of +/-2dB is shown in Table 3 with 15 kHz subcarrier spacing.
Table 3. Minimum number of measurements to estimate wideband signal received power (100 PRBs), SCS = 15 kHz
	UE speed
	30 km/h
	60 km/h
	120 km/h
	480 km/h

	Scheme A1
	14
	12
	10
	6

	Scheme B1
	4
	4
	4
	3

	Scheme A2
	14
	12
	10
	6

	Scheme B2
	4
	4
	4
	3



With Table 3, we observe:
Observation 5: Wider narrowband reference signals (25 PRBs) could estimate wide band received power with fewer measurements, compared to measurement bandwidth of 6 PRBs
Therefore, based on the observations from section 2.2 – 2.4, we propose:
Proposal 2: For DL RRM measurement, RSRP measurement over wider narrowband reference signals should be considered in NR.
Proposal 3: For DL RRM measurement, RSRP measurement over sparse reference signals (e.g., 40ms) in time domain and the measurement bandwidth >= 25PRBs should be considered in NR.
Conclusion
Observations and proposals are summarized as follows.
Observation 1: For RSRP, 40 ms measurement periodicity is typically assumed in LTE to define intra/inter-frequency requirements in RAN4.
Observation 2: For RSRP, 25 PRBs with 40ms measurement period can lower the duty cycle, improve measurement accuracy and reduce the power consumption, compared to 6 PRBs with 40ms measurement period.
Observation 3: Wider narrowband reference signals (25 PRBs) could achieve the accuracy target with fewer measurements and potentially lower the power consumption.
Observation 4: Measurement bandwidth of 5 MHz (25PRBs) with subcarrier spacing of 15k Hz could achieve the accuracy target with fewer measurements, compared to measurement bandwidth of 5.6 MHz (6PRBs) with subcarrier spacing of 60 kHz. 
Observation 5: Wider narrowband reference signals (25 PRBs) could estimate wide band received power with fewer measurements, compared to measurement bandwidth of 6 PRBs
Proposal 1: 40ms period can be a baseline to be assumed for RRM measurement.
Proposal 2: For DL RRM measurement, RSRP measurement over wider narrowband reference signals should be considered in NR.
Proposal 3: For DL RRM measurement, RSRP measurement over sparse reference signals (e.g., 40ms) in time domain and the measurement bandwidth >= 25PRBs should be considered in NR.
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Appendix: Link-level evaluation assumptions
	Carrier Frequency 
	4 GHz 

	Channel Model 
	 CDL-C with scaling 100ns (UE Speed 30 km/h, 60 km/h, 120 km/h, 480 km/h), AWGN 

	Subcarrier Spacing(s) 
	15kHz / 60 kHz 

	SNR range 
	-6dB 

	Antenna Configuration at the TRP 
	(1,1,2) with omni-directional antenna element 

	Antenna Configuration at the UE 
	(1,1,2) with omni-directional antenna element 

	Antenna port virtualization 
	N/A

	Frequency Offset 
	·  Non-initial acquisition 
· TRP: uniform distribution +/- 0.05 ppm 
· UE: uniform distribution +/- 0.1 ppm

	Number of interfering TRPs 
	0 TRP 


	Number of interfering UEs 
	N/A





Figure 4. Example for RS pattern in the RRM measurement region
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