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1
Introduction
RAN1 has sent LS [3, 4] to RAN4 related to agreements and working assumption for initial access. 
Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: octal 145

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· 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

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
In this paper we will focus on the high lighted part concerning SS burst set periodicity. A burst set periodicity of 20/20 ms has been agreed as working assumption in RAN1 for initial cell selection and RAN1 expects RAN4 to investigate requirements related to such periodicity.
The current RAN1 working assumption for the SS burst periodicity of 20/20 ms, and the note hints that it is expected that RAN4 should investigate requirements requirements related to this agreement with regard to the initial cell selection.
2
Initial Cell Selection 

During the NR study item phase, RAN4 already had discussions about initial cell search and normal cell detection requirements. In the TR [2] following was captured:

The IDLE state in at least standalone NR involves at least the following UE procedures:

· Cell selection (including cell evaluation)

· Cell selection refers to initial detection of an NR cell during cell selection procedure (i.e., the UE is not yet camped on a cell), e.g. at power on, resulting in UE camping on the selected cell. To select a cell, the UE has to perform measurements and evaluate whether the cell is suitable for being selected.

· Cell reselection (including at least cell evaluation)

· UE which has been camping on a cell may reselect to another cell

· Cell identification (including at least cell detection)

· UE camping on a cell can perform cell identification.

As the RAN1 LS refers to initial cell selection we see this similar to what we in the RAN4 TR refer to as cell selection – e.g. at UE power on. Although phase 1 focus is on the NSA solution and as such does not include initial cell selection, we think RAN4 should to investigate the RAN1 working assumption in order to provide feedback to RAN1 if this would be needed.
The working assumption is, that for initial cell selection the UE can assume that the SS burst periodicity will be 20ms. This means that the UE at initial cell selection can assume that if it searches the potential carrier for 20ms the UE will receive a SS burst if such is transmitted and cell is detectable.
Once the UE is in service (and e.g. applicable for the NSA solution) the SS burst periodicity can be different than the 20ms. SS burst repetition periods under under discussion are 5, 10, 20, 40, 80 and 160ms [4]. For this case, when UE is already in service, the network will provide the UE with SS burst periodicity information. If UE is not informed about the SS burst periodicity for a carrier, the UE can assume SS burst periodicity of 5ms.

In legacy systems, RAN4 has not defined requirements for initial cell selection. Therefore there is no actual reference with which we can compare the outcome of any RAN4 investigation. E.g. in E.UTRAN it was agreed in Rel-8 to leave the cell selection without any performance requirements and simply rely on UE implementation and competition to perform as well as possible. Our preference is to use a similar approach in NR for initial cell selection performance requirements – i.e. leave initial cell selection performance unspecified and for UE implementation.
Proposal 1: RAN4 does not define performance requirements for initial cell selection in NR.
3
Simulation results for NR cell detection 

Following we show simulation results for the cell detection latency in NR based on the latest agreements regarding the SS-burst design. For this purpose we have used the simulation assumptions in table 1:
Table 1 Simualtion assumption for LTE and NR synchronisation latency

	Parameter           
	Value                                                                                        

	Carrier frequency
	4 GHz

	PSS sequence type
	Zhadoff-Chu, cyclically shifted M-sequence

	SSS sequence type
	LTE SSS sequence, scrambled M-sequence

	Number of NR-PSS sequences
	3

	Number of SSS sequences
	168, 336

	PSS/SSS length
	63, 127

	PSS/SSS period
	5 ms, 20 ms

	Sub-carrier spacing
	15 kHz

	Channel model
	CDL-C 100 ns scaling

	UE speed
	30 km/h

	PSS receiver algorithm
	Single-shot time-domain correlator with thresholding

	SSS receiver algorithm
	Single-shot non-coherent exhaustive search with thresholding

	False alarm probability
	< 1 %


Single cell environment has been used and one transmit antenna. In figure 1 we show the detection latency of NR cell detection and LTE cell detection latency for comparison.
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Figure 1 NR and LTE cell detection latency in DCL-C 100ns channel at SNR of -6 dB
From the results we observe from the results is that the NR cell detection latency in general is shorter than the latency we see from LTE under the same conditions. For moderate CFO of 3.5KHz or less we see that at 90 %tile the LTE latency is around at least twice as long as NR latency.
4
System level Discussion

The SS burst periodicity also have to be discussed on a system level as the SS burst periodicity impacts both the network and the UE.

A 20ms SS burst periodicity is of course longer than the 5ms PSS/SSS repetition period known from LTE. However, as we can see from the results in the former section the NR cell detection performance is better than the LTE cell detection performance. Although an increase in the synchronization burst periodicity will have some impact on the cell detection latency in certain scenarios we need to consider the conditions. When discussing the 20ms SS burst periodicity assumption, this only applies for initial cell selection. Once the UE has selected a cell and is in service, the network will provide the UE with SS burst repetition assistance information.

Additionally, the initial cell selection state is not regarded as a common UE state in which the UE spends a lot of time. The UE is usualy only in this state quite rarely. Due to this, the impact on the UE side (e.g. in terms of increased UE power consumption and initial cell selection latency) will be very limited when seen over the total UE on-time. It is also important to remember that so far in legacy systems RAN4 has not defined any performance requirements for initial cell selection.

Another aspect to consider is the gNB power saving opportunities. This is an important design criteria in NR and needs to be accounted for already in the design phase of NR. Especially important, and with significant impact on the gNB power consumption, is the design and repetition rate of any continuously transmitted signals from the gNB – like the synchronization bursts. 

As a final remark – the SS burst periodicity in NR is configurable and the network will set the SS burst periodicity according to given deployment scenario and conditions. UE will be informed about the SS burst periodicity as otherwise the UE may assume 5ms SS burst periodicity.
Based on the discussion we conclude that the proposed SS burst periodicity of 20ms for initial cell search is a suitable value that accounts both for UE and gNB needs.
Proposal 2: 20ms SS burst periodicity assumption for initial cell selection is suitable.
Proposal 3: Inform RAN1 that the SS burst periodicity of 20ms is suitable for initial cell selection.
5
Conclusion
In this paper we discussed the incoming LSs [3, 4] from RAN1 regarding default SS burst periodicity for cell selection. Initially we propose:

Proposal 1: RAN4 does not define performance requirements for initial cell selection in NR.

And based on the discussion in the paper – taking both UE and gNB aspects into account we conclude:

Proposal 2: 20ms SS burst periodicity assumption for initial cell selection is suitable.

Proposal 3: Inform RAN1 that the SS burst periodicity of 20ms is suitable for initial cell selection.
LS can be sent to RAN1 if proposals are agreeable to RAN4.
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