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1. Introduction
In RAN1#88, the reference signals used for UE mobility measurement were discussed, and the following agreements were made [1] [2]:
	Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS



In RAN1#88bis, design details of SSS were approved [3]: 
	Agreements:
· Number of SSS signals: 1000 post-scrambling
· SSS sequence length: 127
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements


The detailed design of CSI-RS is still ongoing in RAN1. Based on the current progress, it is reasonable to start the discussion of measurement accuracy and drafting link level simulations (LLSs) for NR-SSS-based measurement. In this contribution, we provide an analysis on the issues that should be taken into account when evaluating measurement accuracy, and list the parameters necessary for the LLS. 
2. Discussion
2.1 Measurement bandwidth
According to RAN1’s latest agreements, the sequence length of NR-SSS is 127 and the subcarrier spacing of NR-SSS is frequency range dependent. This indicates that the measurement bandwidth in PRBs is fixed to be at least 12 PRBs while in Hz is frequency range dependent. Furthermore, RAN1 assumes that RAN4 would determine the subcarrier spacing (SCS) of SS for each frequency range, after RAN4’s decision on this, the measurement bandwidth in Hz can be determined accordingly.
Observation 1: When NR-SSS is used for mobility measurement, the measurement bandwidth in PRBs should be at least 12 PRBs, while in Hz is frequency range dependent according to SCS.  
2.2 Measurement period 
According to RAN1’s agreements, different SS blocks within the same SS burst set corresponds to different Tx beams. To obtain the RSRP of a beam, the UE needs to measure the NR-SSS of SS blocks corresponding to the same beam across several SS burst sets. For a fixed measurement period, the number of samples for the same beam is inversely proportional to the burst set periodicity. The longer the periodicity, the less the number of samples, which could result in a reduction of measurement accuracy. Since RAN1 enables a configurable burst set periodicity, the measurement period need to be configurable to maintain the same level of measurement accuracy. 
Observation 2: The measurement period need to be configurable according to the burst set periodicity to maintain the same level of measurement accuracy.   
The set of configuration values for burst set periodicity in RAN1 is [5, 10, 20, 40, 80, 160] ms, and the measurement period could be set to be an integer multiple of those values, for instance, setting the measurement period to be i*[5, 10, 20, 40, 80, 160] ms, where i is TBD.    
2.3 Cell quality and beam quality
Cell quality and beam quality in NR should be treated differently, the cell quality is used by the UE to do cell selection/reselection, while the beam quality is used to select the best beam in a cell. Besides, the methods to derive those two qualities are different, the beam quality can be obtained by averaging the RSRP of SS blocks corresponding to the same beam in different burst sets, while the cell quality is derived from N best beams as agreed in RAN2. Due to the above differences, it is necessary to evaluate the measurement accuracy for both cell quality an beam quality. 
Proposal 1: Measurement accuracy for both cell quality and beam quality should be evaluated. 
On the other hand, since RAN2 has not yet decided the number of N and L1/L3 filtering, the evaluation of the cell quality could be deferred until RAN2’s conclusions. At the current stage, we could first start evaluating the measurement accuracy for the beam quality, and the evaluation of the cell quality would to a large extent be based on the same platform. 
2.4 Simulation parameters for NR-SSS-based measurement accuracy LLS
In this subsection, we list the parameters necessary for conducting link level simulations of measurement accuracy. For some of them, we provide tentative values, and for others, the values are TBD. All these values are variable to change, and other parameters may also be added based on further discussions.    
	Parameters
	Value
	Comments

	SSS sequence
	Length 127, long M-sequence with scrambling
	Details of sequence generation waiting for RAN1 conclusions. 

	SNR 
	{-10, -8, -6, -3, 0, 3, 6} dB 
	The SNR side condition should be decided based on system level simulations. 

	Measurement Bandwidth 
	12RBs/24 RBs
	The measurement bandwidth in Hz also depends on SCS, and for different frequency ranges, the bandwidth could be different. Downselection depends on RAN1 further design on SSS pattern in the frequency domain. 

	SCS  
	15 kHz, 30 kHz for below 6 GHz;
[bookmark: _GoBack]120 kHz, 240 kHz for above 6 GHz
	This can be downselected based on further agreements of RAN1, RAN4.

	SS burst set periodicity 
	[5, 10, 20, 40, 80, 160] ms 
	The values in the set would be confirmed by RAN4. 

	Measurement Period 
	i*[5, 10, 20, 40, 80, 160] ms, i={1,3,5}
	This depends on the SS burst set periodicity, and should also be finalized based on system level simulations.  

	Number of Tx Antennas 
	TBD
	Different for different frequency ranges. 

	Number of Rx Antennas 
	TBD
	Different for different frequency ranges.

	Number of antenna ports
	1
	

	Number of beams to derive cell quality
	TBD
	Depending on RAN2’s conclusions.

	L1 filtering
	TBD
	Depending on RAN2’s conclusions. 

	Number of SS blocks per SS burst set
	<=3 GHz: [1, 2, 4]
3~6 GHz: [4, 8]
6~52.6 GHz: [64]
	

	Number of Samples per Measurement Period 
	TBD 
	Depending on the SS burst set periodicity

	L3 filtering 
	Disable 
	

	Propagation Condition
	AWGN, TDL/CDL
	Alternative 1: TDL-A/B/C/D/E
Alternative 2: CDL-A/B/C/D/E
Further downselection depends on the frequency range, NLOS/LOS conditions, etc.  

	UE speed
	3 km/h, 30 km/h, 120 km/h, 500 km/h
	

	CP Length
	Normal
	

	NOTE : Other parameters could also be added. 


2.5 Performance metrics
The CDF curve that should be provided is
Delta NR-SSS-RSRP   = (estimated NR-SSS-RSRP – ideal NR-SSS-RSRP) 	[dB]  
3. Conclusions
In this contribution, we analyzed the measurement accuracy issue based on RAN1’s and RAN2’s latest progress. The following observations and proposals are obtained
Observation 1: When NR-SSS is used for mobility measurement, the measurement bandwidth in PRBs should be at least 12 PRBs, while in Hz is frequency range dependent according to SCS.  
Observation 2: The measurement period may be configurable according to the burst set periodicity to maintain the same level of measurement accuracy.   
Proposal 1: Measurement accuracy for both cell quality and beam quality should be evaluated. 
In addition, LLS could be started for this evaluation, and we listed the parameters necessary for conducting LLS. The values of those parameters and whether other parameters be added should be further discussed.  
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