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Introduction
In the last RAN plenary (RAN#71), a study item on ‘New Radio Access Technology’ (RAT) was approved [1] to study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications.
This contribution addresses general design principles and basic components for cell search signal designs for the new RAT (NR).
[bookmark: _Ref446598547]Cell search procedure
1 
2 
Initial synchronization procedure for LTE can be described as in Figure 1. Once a band is identified, a UE scans across the frequency raster (e.g. the 100-kHz raster typical of LTE). For each of the values on the raster, a DL acquisition is performed by an attempt to detect primary synchronization signal (PSS) and secondary synchronization signal (SSS). For LTE, both PSS and SSS carry cell-specific parameters. PSS carries partial cell ID (1 out of 3 hypotheses) whereas SSS carries cell ID group  (1 out of 168 hypotheses) and frame timing information. Therefore, a total of 168x3=504 cell IDs are available. PSS detection (termed stage-1 cell search) yields coarse timing and frequency offset corrections in addition to an estimate of . In addition to  and frame timing estimate, SSS detection yields CP length and, if needed, TDD/FDD detection.
Once a cell ID candidate is detected, the UE verifies the detected cell ID candidate through RSRP measurement and PBCH detection. PBCH detection provides a fail-safe mechanism due to the presence of CRC – which can be used to remove falsely detected cell ID. For neighboring cell search, multiple cell ID candidates may need to be detected.



[bookmark: _Ref446632390][bookmark: _Ref446632384]Figure 1 Initial synchronization procedure
[bookmark: _GoBack]Essentially, two main types of cell search procedures need to be distinguished since different constraints apply to each: 1) initial cell search, 2) neighbouring cell search.
· Initial cell search: large timing and frequency offsets, but acquisition time requirement is not stringent (i.e. when a UE is turned on and trying to detect a network presence).
· Neighbouring cell search: for synchronized network (which has been a typical scenario), timing and frequency offsets tend to be small. But acquisition time requirement is quite stringent (i.e. handover scenarios). Since neighbouring cell search tends to be more challenging, some side information regarding neighbouring cells is often provided by the network.
For NR, the same cell search procedure can be reused. In addition, NR may bring a set of additional requirements such as the following:
· Use cases (such as eMBB, URLLC, and mMTC): different use cases may require different cell search requirements (such as minimum acquisition time), procedures, and synchronization signal designs. Note that mMTC may require different procedures and synchronization signals due to narrower UE bandwidth and coverage enhancement. 
· Additional cell-specific parameters: in addition to cell ID, frame timing, CP length, and TDD/FDD detection, the following new cell-specific parameters may need to be detected during the cell search process:
· Multiple numerology sets, e.g. sub-carrier spacing (if not pre-configured to a known set of values)
· Number of antenna ports for PBCH detection (if non-UE-transparent Tx diversity scheme is used for PBCH)
· Subframe timing (if multiple instances of PSS/SSS are transmitted within one subframe, e.g. due to the use of a particular analog/hybrid beamforming strategy for above 6-GHz or for coverage-limited scenarios below 6 GHz, similar to LTE NB-IoT, for example)
If the new initial access design introduces features related to all of these additional requirements, the UE implementation complexity of cell search procedure(s) including synchronization signal detection may significantly increase. Hence, the features necessary during the initial access procedure need to be studied. This will be further discussed in section 4.

Observation 1: The following aspects need to be considered for the design of initial and neighbouring cell search procedures for NR
· Synchronization and initial-access information acquisition via synchronization signals, with fail-safe schemes(e.g. from PBCH detection)
· Initial and neighbouring cell search impose different requirements and assumptions  
· Additional NR-specific design features due to, e.g. use cases and potentially new cell-specific parameters, need to be taken into account considering complexities in cell search and design of synchronization signals  
Potential problems
In this section, some potential problems which need to be considered in synchronization signal design are discussed.
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[bookmark: _Ref450658393]Single-frequency-network (SFN) effect in synchronous networks
In synchronous networks, a UE (especially on a cell edge) observes a superposition of signals coming from different NR base stations (NR BS). Therefore, if a common signal is transmitted from all the base stations for NR, the DL channel experienced by the UE is a superposition of the channels from all the NR BSs. This is problematic for stage-1 acquisition if a cell-common PSS is used for all the cells in a network. The effective channel impulse response seen by the UE is no longer the channel from the desired NR BS to the UE (associated with the cell the UE tries to acquire), but instead a sum of the channels from all the NR BSs to the UE. This is termed the SFN (single frequency network) effect. 
As stage-1 acquisition attempts to detect a peak from cross-correlating the received DL signal and a replica of PSS, the UE can potentially detect a wrong timing – causing the UE to sample outside the CP and hence resulting in ISI. In LTE, this problem was alleviated by introducing multiple (3) PSSs. These PSSs can be used for different cells to avoid the UE seeing a superposition of the channel from several adjacent cells (including the desired cell).     
As synchronous network is relevant (if not, more relevant) for NR, this problem is expected to remain. The extent to which SFN effect is detrimental to NR needs to be reassessed for typical NR cell topology.    
[bookmark: _Ref450663921]SSS false detection (ambiguity)
For LTE, cell ID is essentially detected from 3 pieces: 1) PSS, 2) segment 1 of SSS, 3) segment 2 of SSS. This is illustrated in Figure 2. This three-tier design results in numerous issues listed in Table 1 when a UE is on a cell edge (between cell A and B) performing neighbouring cell search:
· Phase mismatch occurs when the channel seen by PSS is not the same as SSS (analogous to the SFN effect mentioned above). This can be avoided if SSC (secondary synchronization code) is detected from SSS without using PSS. That is, SSC is detected non-coherently without using any channel estimate derived from PSS. 
· Collision occurs when only one of the two SSS segments from cell A and B coincides. Just as phase mismatch, this is not a serious issue although it results in worse cross-correlation properties.
· Ambiguity occurs when both SSS segments from cell A and B are different regardless whether PSS from cell A and B are the same. Observe that when PSS from cell A and B are the same, 2x2=4 values of cell ID can be detected by the UE while only 2 cell IDs (associated with cell A and B) are valid. Even worse, when PSS from cell A and B are different, 2x2x2=8 values of cell ID can be detected by the UE while only 2 cell IDs (associated with cell A and B) are valid.   
Among the above 3 problems, ambiguity is perhaps the most serious one. For this reason, the second SSS segment is scrambled based on the index of the first SSS segment, and the entire SSS is scrambled based on the value of  (from PSS). However, the ambiguity issue cannot be completely removed as scrambling only improves the cross correlation property of SSS. 
Yet due to the PBCH-based fail-safe mechanism, the invalid cell ID candidates can be weeded out as PBCH detection is repeated for all the detected cell ID candidates. Invalid cell ID candidates will most likely fail the CRC check and hence removed. This, however, comes at the expense of UE neighbouring cell search complexity (power consumption).    
For NR, the above problems can be avoided (or at least curtailed) when:
· PSS does not carry cell ID hypotheses – but this needs to be studied together with the SFN effect discussed in section 3.1.
· Two-segment SSS design is not used
· Non-coherent SSC detection is used as a design criterion for SSS 




[bookmark: _Ref450656720]Figure 2 Neighboring cell search scenario 




[bookmark: _Ref450656983]Table 1 8 scenarios for PSC, SSC1, SSC2 triplet 
	No.
	Pa & Pb
	S1a & S1b
	S2a & S2b
	Problem

	1
	Same
	Same
	Same
	n/a

	2
	Same
	Same
	Different
	Collision + Phase mismatch

	3
	Same
	Different
	Same
	Collision + Phase mismatch

	4
	Same
	Different
	Different
	Ambiguity + Phase mismatch

	5
	Different
	Same
	Same
	Phase mismatch

	6
	Different
	Same
	Different
	Collision + Phase mismatch

	7
	Different
	Different
	Same
	Collision + Phase mismatch

	8
	Different
	Different
	Different
	Ambiguity + Phase mismatch


Above-6GHz
For above-6GHz frequency bands (e.g. 28 GHz), an analog beam sweeping architecture is most likely needed to compensate for the severe propagation loss [2]. Since each of such analog beams is narrow (highly directional), it is reasonable to repeat synchronization signal transmissions in multiple (NB) OFDM symbols within a subframe, for the NB sweeping beams. Note that an alternative scheme where synchronization signals are repeated across multiple subframes is likely to incur larger acquisition time. In this case, since subframe timing (OFDM symbol number) cannot be detected blindly in this scenario, it needs to be indicated either as a part of synchronization signals or as a new cell search parameter.

Observation 2: The following aspects need to be considered in synchronization signal design
· SFN effect in relation to timing acquisition from PSS
· Ambiguity problem due to multi-tier cell ID detection (three-tier for LTE)
· For above-6GHz bands, how to address additional timing hypotheses due to beam sweeping mechanism 
[bookmark: _Ref450652920]
Based on the above observations, the following study guidelines can be drawn.
(1) Cell search design should consider additional NR-specific design features due to, e.g. use cases and potentially new cell-specific parameters. To avoid unnecessary increase in UE complexity in cell search, the features which need to be detected by initial access procedure need to be minimized.
(2) To avoid the problems pointed out in section 3.2, the following baseline or starting point is proposed:
· SSS design does not consist of two segments
· Non-coherent detection of SSC from SSS: This relaxes the need for placing PSS and SSS next to each other. Note that non-coherent detection tends to be more robust in this case.
· Cell-common PSS: the need for multiple PSSs is to be reassessed in light of the potential SFN effect on NR cell topology.
(3) Assess the need for repeating synchronization signals within one radio frame. This depends on several factors such as synchronization signal bandwidth (to ensure sufficient coverage), required minimum acquisition time
(4) For above-6GHz bands, beam sweeping of synchronization signals should be considered for the design of synchronization signals.

Proposal 1: Synchronization signals are designed according to the following baseline:
· Consider additional NR-specific design features due to, e.g. use cases and potentially new cell-specific parameters with consideration of UE complexity in cell search
· Avoiding two-segment SSS design and obviating the need for PSS-assisted coherent SSC detection
· Cell-common PSS unless the SFN effect on NR cell topology is shown to be severe
· Assess the need for repeating synchronization signals within one radio frame based on, e.g. synchronization signals bandwidth (to ensure sufficient coverage), required minimum acquisition time
· For above-6GHz bands, consideration on beam sweeping
Simulation assumptions for cell search
As we start exploring cell search design for NR, it is important to agree on a set of valid simulation assumptions for evaluation and comparison. Simulation parameters should reflect typical NR cell topology and could include:
· Numerology: sub-carrier spacing, CP length
· Bandwidth for cell search signals
· Channel model
· Cell topology: inter-site distance, number of UEs per cell, number of sectors/cells per site
· When analog sweeping beam architecture is evaluated for above-6GHz: beamforming parameters such as beamwidth and the number of beams

Proposal 2: Cell search simulation parameters should be agreed for NR design evaluation

[bookmark: _Ref446598642]Conclusions
This contribution presented Samsung’s view on the basic principles for cell search and synchronization signal design. The following observations and proposals are made:
Observation 1: The following aspects need to be considered for the design of initial and neighbouring cell search procedures for NR
· Synchronization and initial-access information acquisition via synchronization signals, with fail-safe schemes(e.g. from PBCH detection)
· Initial and neighbouring cell search impose different requirements and assumptions  
· Additional NR-specific design features due to, e.g. use cases and potentially new cell-specific parameters, need to be taken into account considering complexities in cell search and design of synchronization signals  

Observation 2: The following aspects need to be considered in synchronization signal design
· SFN effect in relation to timing acquisition from PSS
· Ambiguity problem due to multi-tier cell ID detection (three-tier for LTE)
· For above-6GHz bands, how to address additional timing hypotheses due to beam sweeping mechanism 

Proposal 1: Synchronization signals are designed according to the following baseline:
· Consider additional NR-specific design factors due to, e.g. use cases and potentially new cell-specific parameters with consideration of UE complexity in cell search
· Avoiding two-segment SSS design and obviating the need for PSS-assisted coherent SSC detection
· Cell-common PSS unless the SFN effect on NR cell topology is shown to be severe
· Assess the need for repeating PSS/SSS within one radio frame based on, e.g. PSS/SSS bandwidth (to ensure sufficient coverage), required minimum acquisition time
· For above-6GHz bands, consideration on beam sweeping

Proposal 2: Cell search simulation parameters should be agreed for NR design evaluation
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