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1
Introduction
RAN1 has sent two related LSs [3, 4] to RAN4 of which [4] relates to agreements on configuration values for SS burst set periodicity:

RAN1 has agreed on a set of configuration values for synchronization signal (SS) burst set periodicity applicable for UEs in RRC_CONNECTED and IDLE mode that are operating in standalone NR cells, and for UEs that are operating in non-standalone NR cells. The SS burst set periodicity is the period in which the same SS block is repeated. The set of configuration values for SS burst set periodicity under consideration for RAN1 are {5, 10, 20, 40, 80, and 160} ms. 

RAN1 would like to ask RAN4 to check  and  confirm if there would be potential issues on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. Specifically if 160 ms SS burst set periodicity can be used as synchronization source for UEs in RRC_CONNECTED and IDLE mode.

The agreed SS burst periodicities are applicable in Idle mode and Connected mode and for SA and NSA. Although RAN4 should focus on the NSA in phase 1 we suggest also to include idle mode when discussing the SS burst set periodicities.

The SS burst set periodicities discussed here are for UEs which are already in service and therefore the UEs have received network assistance information regarding the used SS burst set periodicity. If no SS burst set assistance information is received the default SS burst period is 5ms.
In this paper we will look at the SS burst periodicity values. We look at the synchronization as well as measurement aspects.
2
Discussion 
In [8] we discuss the SS burst periodocity of 20ms for initial cell selection. This paper addresses the aspect of when the UE is already camped on a cell and has access to network assistance information, including SS-burst set periodicity. 

The LS addresses two procedures – cell detection and measurements. When discussing whether there would be any potential issues with the proposed SS burst periodicity values, RAN4 would need to consider both aspects.
2.1 Cell detection

It has been decided that in case the network does not provide the UE with any SS burst set periodicity assistance information, the UE can assume 5ms SS burst set periodicity.

The set of configuration values for SS burst set periodicity agreed in RAN1 are {5, 10, 20, 40, 80, and 160} ms. The assistance information will likely be provided in broadcast for idle mode UEs and in dedicated signaling for UEs in Connected mode. I.e. the UE will always have a basic assumption regarding the SS burst set periodicity.
Looking at the E-UTRAN cell detection assumptions and requirements, which are developed based on an assumed UE sampling rate of 40ms, one of the topics to discuss in NR will be which UE sampling rate assumption RAN4 should use as baseline assumption.
Observation 1: L1 sampling rate assumption for cell detection needs to be discussed in RAN4.
Different from E-UTRAN, where the PSS and SSS are available every 5ms and CRS are available multiple instances per TTI (except MBMS subframes), is that in NR the SS-block periodicity is configurable as indicated in the LS. One reason for this is to enable gNB power savings by reducing the requirement of having frequent transmissions of these mandatory DL signals 
Depending on which L1 sampling rate RAN4 choses to use – e.g. same 40ms sampling rate as in E-UTRAN, the next thing to analyse is the cell detection latency and which latency is seen as acceptable latency. In [8] we provide cell detection simulation results showing the cell detection latency based on 20ms cell search. Following figure 1 illustrates additional simulation results for cell detection latency for different values of SS-Block repetition periods. The results are based on same simulation assumptions as used in [8] and we have used SS-Block repetition periods of 5ms, 20ms, 40ms and 160ms.
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Figure 1 NR Cell Detection delay for SS-Block repetition periods of 5, 20, 40 and 160ms
From the results we can draw at least a couple of initial conclusion: as expected and rather obviously the cell detection latency increase as the SS-Block periodicity increases. It can also be observed that for most cases it seems that there is a need for 2 SS-Blocks in order to reach 90-95% cell detection accuracy performance.
Additionally, it can be observed, that the increase in cell detection latency scales about linearly with the SS-Block periodicity. I.e. cell detection latency with 40ms SS-Block periodicity is about twice as long as for SS-Block periodicity of 20ms. Same scaling seems to apply also for when SS-Block periodicity is 160ms.
One obvious impact from increasing the SS-burst set periodicity is of course an increase in the cell detection delay. One second aspect to study would be how well the can keep time and frequency tracking. It is however our understanding, that if the network uses SS-burst periodicity of 160ms this will not be the only DL reference signal available when data transmission is ongoing.
Concerning cell detection we do not see any immediate reason why any pf the proposed SS-burst set values would not be feasible. One can expect that the SS-Burst period used by the network will be according to the network deployment and the overall system need. This means that even though longer SS-burst leads to longer cell detection time this increase is a known fact that can be accounted in the network deployment. Especially as the effect is likely rather predictable. One should note that even in LTE we have similar DRS periodicities for small cells. 
Observation 2: Cell detection time increases as the SS-burst set periodicity increases.

Network will of course use an SS-burst periodicity which is aligned with the deployment scenario. Additioanlly the UE is receiving SS-burst set periodicity assistance information from the network. 

Observation 3: Cell detection latency increase due to increased SS-Block periodicity is predictable and can be accounted in network deployment and planning.

Observation 4: We do not see any immediate challenges with the proposed SS-Burst set periodicity values.
2.2 Cell Measurements

Cell measurements will of course also be impacted by the synchronization burst periodicity. According to the earlier RAN1 decisions:
For Idle mode:

· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH

· Note that down selection will be needed if DM-RS for PBCH is supported

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”
For connected mode RAN1 decided:

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS

· Note that possibility of multiplexing of wideband RS in SS block is not precluded

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)

· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

From cell measurement point of view the UE would first need to detect the cell prior to measuring the cell. Once the cell is detected (based on the SS-block and potentially also PBCH) the UE can start measuring. For both Idle and Connected mode at least one RSRP is defined and based on the SS-block - called SS-Block-RSRP. Other additional signals may be used [R1-1703996] (at least CSI-RS) and other RSRP may be measured based on these signals - but this is under discussion.
As the SS-Block periodicity will be configurable and the SS-Block bandwidth is 2 MHz it becomes necessary to discuss issues such as L1 sampling rate and L1 measurement period. When developing the initial UE performance requiremets for LTE, a 40ms L1 sampling rate was assumed and 5 L1 measurement samples were in the measurement period. 
Using a generic L1 sampling rate of 40ms is not possible in NR. At least for SS-block periodicities of 80ms and 160ms. So RAN4 should discuss the L1 sampling rate assumption.
Observation 5: RAN4 should discuss the L1 sampling rate assumption used for measurements.

RAN4 would also need to look at which measurement period to be assumed and in next section we look at simulation results for SS-Block-RSRP.
2.2.1 Simulation results for SS-Block-RSRP
Simulation results for the achievable RSRP accuracy using SS-Block-RSRP are presented in this section. We provide simulation results for SS-Block-RSRP for below 6 GHz center frequency case using the agreed SS-Block bandwidth (SSS sequence length 127 mapped to 127 consecutive subcarriers [7]). Results are presented as NR-RSRP (referred as RSRP from here on) absolute accuracy, which is obtained as follows:

· RSRP measurement samples (raw channel estimates) are collected per sampling rate instance. All measurement samples are coherently combined at L1 measurement period for calculating the RSRP.
· Delta RSRP is calculated (estimated RSRP – ideal RSRP) and corresponding CDF curve is created

· Delta RSRP values from 5%-percentile and 95%-percentile of the CDF curve are obtained

· RSRP absolute accuracy is calculated then as follows: max(abs(5%-tile), abs(95%-tile))

We use RSRP absolute accuracy of 2 dB as a threshold, similary as stated in [6]. We assume that the required RSRP accuracy shall be +/- 4.5 dB and we use RF margin of 2.5 dB. Simulation assumptions and SS-Block structure as well as reference results for LTE CRS based RSRP accuracy are included in the Annex A. 
L1 measurement period in interval of [160; 200] ms is used as baseline only to provide easy comparison to LTE results. Different number of samples, resulting different measurement periodicity, are used as illustrated in table 1.

Table 1: Measurement periods and sampling rates used in simulations.

	Measurement period (ms)
	Sampling rate (ms)
	Number of samples at measurement period

	200
	40
	5

	180
	60
	3

	160
	80
	2

	160
	160
	1


From RRM measurements point of view, the L1 sampling rate can also be seen as the periodicity of SS-Block transmission.
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Figure 1: NR SS-Block-RSRP and LTE absolute accuracy in AWGN and CDL-C 100ns channels.

Looking at results in Figure 1, it can be observed that RSRP absolute accuracy of 2 dB can be achieved by having at least 2 samples for the AWGN channel. For the CDL-C 100ns (30km/h) channel it can be seen that RSRP absolute accuracy of 2 dB can be achieved when using 5 or 3 L1 samples as L1 measurement period
From these results we see that it is possible to achieve a measurement accuracy which is in most cases as good as in LTE. Using only 1 sample for 160ms SS-block periodicity leads to an accuracy which is 0.3 dB above accuracy requirements for LTE. We do not see this as a significant issue at this point – further simulations and discussions are needed – and we see support of 160ms SS-block set periodicity important to include in the periodicity set.
Proposal 1: Inform RAN1 that the value range of the SS block set periodicity is seen feasible in RAN4.

In [9] we have drafted and LS reply.
3
Conclusion
RAN1 sent LS [3, 4] to RAN4 related to agreements on configuration values for SS burst set periodicity. In this paper we have looked at the SS burst periodicity values. We look at the synchronization as well as measurement aspects.

The SS burst set periodicities discussed here are for UEs which are already in service and therefore the UEs have received network assistance information regarding the used SS burst set periodicity. From the results and obcervation we do not see any significant issues with the proposed value range for SS burst set periodicity and propose to inform this to RAN1.

Proposal 1: Inform RAN1 that the value range of the SS block set periodicity is seen feasible in RAN4.

LS should be sent to RAN1 if proposal is agreeable in RAN4.
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Annex
A.1 Simulation Assumptions

In our simulations, NR-SSS is allocated into consecutive subcarriers in 6th OFDM symbol within a subframe with specific periodicity and bandwidth as illustrated in Figure 5.
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Figure 5: Illustration of DL RRM measurement using NR SSS.
Simulation assumptions are presented in Table 2.

Table 2: Link level evaluation assumptions for below 6GHz/40GHz.

	Carrier Frequency 
	4/30 GHz 

	Channel Model (4GHz)
	CDL-C with scaling 100 ns (UE Speed 30 km/h)

AWGN 

	Channel Model (30 GHz)
	CDL-E with scaling 10 ns (UE Speed 30 km/h)

	Subcarrier Spacing(s) 
	15/60 kHz

	SNR range 
	-6 dB 

	System bandwidth
	5/20 MHz

	NR SSS bandwidth
	2 MHz / 8 MHz (Sequence lengths 127)

	Antenna Configuration at the TRP 
	1 with omni-directional antenna element 

	Antenna Configuration at the UE 
	2 with omni-directional antenna element 

	Frequency Offset 
	1300/3000 Hz*

	*1300 Hz is standard deviation of the residual frequency offset after NR-PSS/SSS detection based on link level simulations. 3000 Hz for 30GHz.
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