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1 Introduction

RAN4 needs to define accuracy requirements for NR SSB-based measurements. In this contribution, link-level simulation assumptions this purpose are proposed.
2 Scenarios

The following measurements are to be studied:

· SS-RSRP based on NR SSS,
· SS-RSRQ based on NR SSS, and
· SS-SINR based on NR SSS.
For convenience, the definitions of the above measurements are shown in Annex A.
Two cells are simulated, interfering Cell 1 (unknown to the UE) and measured Cell 2 (known to the UE).
3 Simulation Assumptions
Table 1: General parameters

	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz
	30 GHz

	System bandwidth
	5 MHz; 10 MHz
	50 MHz; 100 MHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes
	No / Yes

	DRX
	No
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions
	1 tx or single layer transmissions

	UE receive antennas
	Case A: 2 rx (uncorrelated with equal gain, no rx beamforming);

Case B: 2 rx (with rx beamforming Note1)
	Case A: 2 rx (uncorrelated with equal gain, no rx beamforming);

Case B: 2 rx (with rx beamforming Note1)

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	5
	5

	SS burst set configuration in Cell 1 and Cell 2:

	· Subcarrier spacing
	15 kHz; 30 kHz
	120 kHz; 240 kHz

	· Number of SS blocks per SS burst set
	1
	1

	· SS burst periodicity
	5 ms
	5 ms

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· Actual SS block transmissions
	always transmitted
	always transmitted

	NOTE1: For Case B, companies are encouraged to state their assumptions on beamforming and rx antenna configuration together with the provided simulation results


Table 2: Cell-specific parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	To be indicated by companies
	To be indicated by companies

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	1)Relative Delay of 1st Path (synchronous)
	µs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	Ms
	0
	3 ms

	SNR (beamforming gain is included for Case B)
	dB
	6 dB
3.3 dB
	1 dB

	Es/IoT (calculated from SNR)
	dB
	N/A
	-5.97 dB
-3.97 dB

	Propagation conditions
	-
	For 4 GHz: AWGN, EPA5, ETU30 (for 15 kHz SCS), ETU70 (for 15 kHz SCS);

For 30 GHz: CDL-C, optional TDL-A/B/C Note (delay spread: 30 ns and 300 ns; UE speed: 3 km/h and 30 km/h)

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned


4 Performance Metrics

The simulation results are to be provided for SS-RSRP, SS-RSRQ, and SS-SINR.
For different estimation time periods, the CDF curves and 5th, 50th, and 95th %-iles are to be provided for (without RF impairment margin):

· Delta measurement   = (estimated measurement – ideal measurement) 
[dB];
· Delta cell quality based on SS block measurements which are L1 filtered but not L3 filtered = (estimated - ideal) [dB]
5 Time Plan
Initial simulation results based on the assumptions above are to be provided in RAN4#87.
6 Annex A: Measurement Definitions
SS reference signal received power (SS-RSRP)

	Definition
	SS reference signal received power (SS -RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SS). The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.
For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5].

SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity. 

If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1:
The number of resource elements within the measurement period that are used by the UE to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2:
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
SS reference signal received quality (SS-RSRQ)

	Definition
	Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.
If higher-layers indicate certain measurement time resource(s), then NR Carrier RSSI is measured from the indicated OFDM symbols of the indicated slots.
If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRQ is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE. For frequency range 2, NR Carrier RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for NR Carrier RSSI shall be the same as the one used for SS-RSRP measurements. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


SS signal-to-noise and interference ratio (SS-SINR)

	Definition
	SS signal-to-noise and interference ratio (SS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronisation signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronisation signals within the same frequency bandwidth. The measurement time resource(s) for SS-SINR are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.
For SS-SINR determination demodulation reference signals for physical broadcast channel (PBCH) in addition to secondary synchronization signals may be used.

If higher-layers indicate certain SS/PBCH blocks for performing SS-SINR measurements, then SS-SINR is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-SINR shall be the antenna connector of the UE. For frequency range 2, SS-SINR shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-SINR value shall not be lower than the corresponding SS-SINR of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency
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