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1. Introduction
In RAN1#88 meetings, the reference signals used for UE mobility measurement are discussed, and the following agreements were reached:
	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 

Agreements:
· 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



Since NR-SSS is at least supported for IDLE mode UE DL RRM measurement, and other RSs are not fixed yet, this contribution focuses on discussing possible measurement scaling of NR-SSS with different numerologies and corresponding impact on measurement latency.   
2. Discussion
2.1 SS burst set, SS burst and SS block
[image: ]
Figure 1 SS block, SS burst and SS burst set.
Figure 1 is an example of SS block, SS burst and SS burst set composition for downlink multi-beam operation in initial access, as discussed in RAN1. Each SS burst set consists of several SS bursts, and each SS burst is composed of several SS blocks. Each SS block corresponds to a gNB Tx beam and contains PSS, SSS and possibly PBCH. When a UE uses SSS to measure the RSRP of each Tx, the measurement latency depends on how measurement resources in the frequency domain are chosen (whether fixed measurement bandwidth or fixed number of subcarriers) and the burst set periodicity. Regarding the burst set periodicity, RAN1#88 has the following agreements:
	Agreements:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms
· Note that L1/L3 filtering across multiple periods is still allowed
· FFS more than one periodicity/timing/duration indication 
· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity
· NR should support set of SS burst set periodicity values for adaptation and network indication
· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms] 



From the above agreements, the minimum burst set periodicity is 5 ms, on the other hand, as highlighted by red in the above statements, if shorter measurement duration is supported, i.e., 1 ms, 5 ms, Tx beam measurement in a single SS block should meet the RSRP accuracy requirement. This means either the length of SSS should be long enough or other reference signals like DMRS of PBCH (if defined) in the same SS block is used for measurement. So far, the length of SSS or the pattern of DMRS for PBCH have not been decided yet, whether shortening RRM measurement reporting i.e. single short measurement supported or not is still pending on RAN1 further measurement RS design and RAN4 RRM performance evaluations.  
Observation 1: Depending on RAN1 further agreements on RS design, shortened RRM measurement reporting, i.e., singe short RRM measurement may need to be performed in RAN4 RRM measurement evaluation.  
2.2 Measurement latency scaling for multiple numerologies 
When longer measurement duration is allowed, multiple SSSs in different burst sets corresponding to the same Tx beam can be used to do beam measurement. Then we analyze how the measurement latency would scale with different numerologies based on whether fixed measurement bandwidth or fixed number of subcarriers in frequency is used. 
As seen in the agreements in Section 2.1, there is a default burst set periodicity. In this section, we assume a fixed SS burst set periodicity  for different numerologies. 
In addition, the following agreements were agreed in RAN1, transmission bandwidth for NR-PSS,NR-SSS and NR-PBCH are scaled with sub-carrier spacing. 
	Agreements:
Bandwidth for NR-PSS, NR-SSS, and NR-PBCH:
#W: 15 KHz subcarrier spacing, <= 5 MHz; #X: 30 KHz, <=10 MHz; #Y: 120 KHz, <=40 MHz; #Z: 240 KHz, <=80 MHz.


Following LTE RSRP measurement experience, RSRP measurement accuracy is strongly dependent on the number of REs available per measurement duration and the number of measurement samples for filtering in time domain.
Then we have two alternatives to scale RRM measurement requirements considering multiple numerologies.
Alt1: Fixed measurement bandwidth.
Alt2: Scaled measurement bandwidth with sub-carrier spacing with fixed RS REs.
Alt1:     I[image: ]
Figure 2 Measurement latency scaling with fixed burst set periodicity.
2.2.1 Fixed measurement bandwidth
When a fixed measurement bandwidth  is used for all numerologies, the number of SSS REs that can be employed for measurement in each SSS block is , then the measurement latency would be different pending on the value of sub-carrier spacing since the number of available RS REs per measurement sample depends on the sub-carrier spacing. Compared with 15 kHz SC, under 60 kHz SC, we may require more measurement samples (measurement period) to achieve the same measurement accuracy requirements.  One example is shown in Figure 2 (a), where  is the burst set period,  is the measurement period. It is assumed that 12 SSS REs in total are enough to meet the measurement accuracy requirement. In the left figure, the measurement periodi equals 1 burst set period, while as the SCS doubles in the right figure, the measurement period equals 3 burst set periods.     
2.2.2 Fixed number of subcarriers
When the number of subcarriers for measurement in each SS block is fixed, the measurement bandwidth  would scale with SCS. However, the measurement latency may be similar sincethe number of RS REs per measurement duration is similar. One example is shown in Figure 2 (b), when the SCS doubles, the measurement latency is still . 
To sum it up, the following observations can be made:
Observation 2: With a constant burst set periodicity for different SCSs, when the measurement bandwidth is fixed, the measurement latency increases with SCS; when the number of subcarriers for measurement is fixed, the measurement latency may be similar for different SCSs considering LTE RSRP performance evaluation experience.     
2.3 Measurement latency scaling for different SS burst periodicity
Following RAN1 agreements, SS burst periodicity is configurable. Based on LTE RSRP measurement accuracy evaluation experience, once measurement period is large enough to filter variance in the time domain due to fast channel fading, then RRM measurement accuracy depends on the number of measurement samples.
We propose to scale with different SS burst periodicities based on the minimum measurement time delay and measurement samples, i.e.,

In this section, the following observation can be obtained:
Observation 3: Scale with different SS burst periodicity based on minimum measurement time delay and measurement samples, i.e.,
.
3. Conclusions
In this contribution, we analyzed the measurement scaling issue when SSS is used for IDLE UE mobility measurement. It is seen that how NR-SSS based UE mobility measurement latency would scale with different numerologies depends on how measurement resources in the frequency domain are chosen and the burst set periodicity. In particular, we have the following proposals and observations:
Observation 1: Depending on RAN1 further agreements on RS design, shortened RRM measurement reporting, i.e., singe short RRM measurement may need to be performed in RAN4 RRM measurement evaluation.
Observation 2: With a constant burst set periodicity for different SCSs, when the measurement bandwidth is fixed, the measurement latency increases with SCS; when the number of subcarriers for measurement is fixed, the measurement latency may be similar for different SCSs considering LTE RSRP performance evaluation experience.     
Observation 3: Scale with different SS burst periodicity based on minimum measurement time delay and measurement samples, i.e.,
.
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