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Introduction
In RAN1#85, the following agreement related to initial access was made [1]: 
	· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible



This contribution addresses the following issues pertaining to NR initial access: 
1. Initial access procedure
2. Synchronization signals and primary broadcast channel: functions, contents, and design consideration

Initial access procedure
1 
2 
Following the high-level principle of initial access for LTE, initial access for NR can be illustrated in Figure 1. Three signals/channels are utilized: synchronization signals which include primary and secondary synchronization signals (termed nrPSS and nrSSS), primary BCH (nrPBCH) which carries the Master Information Block (MIB), and nrPRACH. 



[bookmark: _Ref458588517]Figure 1 High-level initial access procedure

Once initial synchronization, MIB acquisition, and random access are completed, a UE is connected to a cell and RRC connection is established (hence the UE is in an RRC_CONNECTED state). From now on, the UE is continuously engaged in RRM measurement by monitoring signal strengths from the neighbouring cells. If the UE is engaged in cell-level mobility, the UE needs to monitor nrPSS and nrSSS from other cells. Otherwise, the UE can simply monitor some type of measurement RS from other cells. In the latter case, a UE-centric mobility similar to LTE COMP scenario 4 can take place (where mobility is facilitated by L1 measurements).

[bookmark: _Ref446598629]Proposal: High-level initial access procedure for NR follows that for LTE as depicted in Figure 1   

Synchronization signals and primary broadcast channel
3 
Of particular interests in this contributions are synchronization signals (nrSS, consisting of nrPSS and nrSSS) and primary broadcast channel (nrPBCH) – depicted in the first three steps of Figure 1. Their functions and contents of nrPSS/nrSSS as well as their design issues are discussed below.
Functions and contents
The functions, content, and other features of LTE PSS/SSS and PBCH are shown in Table 1. For LTE, cell ID is included in both PSS (one out of three hypotheses) and SSS (cell ID group, one out of 168 hypotheses). 

[bookmark: _Ref458597355]Table 1 LTE PSS/SSS and PBCH
	
	LTE PSS/SSS
	LTE PBCH

	Function
	Coarse time-frequency synchronization & cell ID acquisition
	MIB acquisition, [confirming cell ID acquisition]

	Parameters included
	Cell ID (504 hypotheses), frame timing (2 hypotheses)
	MIB: system BW (3 bits), PHICH info (3 bits), 
System Frame Number (SFN) (8 bits) 
+ [10 reserved bits]

	Need for blind detection
	CP size (from SSS), [TDD vs. FDD]
	Number of CRS ports

	Reliability
	Low to moderate
	High (protected with 16-bit CRC + 1/48 effective code rate )

	Transmission bandwidth
	1.4 MHz (center 6 PRBs): minimum BW from eNB perspective



For NR, the content and functions nrPSS/nrSSS and nrPBCH can be different from LTE PSS/SSS and PBCH in the following aspects:
· Possibility for transmitting nrPSS/nrSS and nrPBCH with variable sub-carrier spacing [2] may require blind detection of sub-carrier spacing. This may also hold for other numerology parameters. 
· When nrPSS/nrSSS and nrPBCH are transmitted multiple (N) times across N OFDM symbols (e.g. beam sweeping is used for coverage enhancement), symbol timing information needs to be detected either from nrPSS/nrSSS or nrPBCH. 
· Since nrPBCH is expected to have higher reliability (just as LTE), including symbol timing information in nrPBCH is slightly preferable. 
· If the MIB is protected with low coding rate just as LTE PBCH, the need for non-UE-transparent Tx diversity is obviated. Hence, there is no need to detect the number of CRS ports from nrPBCH. 
· MIB payload can be reduced by not including PHICH information (which is not needed when the number of symbols used for DL control channel, such as PDCCH, does not change from subframe to subframe). In this case, MIB includes DL and UL system bandwidth information and SFN, but not PHICH information.
Based on the above considerations, Table 2 depicts the proposed functions and content of nrPSS/nrSSS and nrPBCH. The new parameters are highlighted in blue. 
· Depending on whether nrPSS/nrSSS and nrPBCH are transmitted with variable sub-carrier spacing, it is proposed that sub-carrier spacing be blindly detected from nrPSS (while nrSSS can be complementary). 
· Symbol timing information can be included in the MIB. Alternatively, this can be blindly detected from nrPBCH.   
[bookmark: _Ref458599446]Table 2 nrPSS/nrSSS and nrPBCH
	
	nrPSS/nrSSS
	nrPBCH

	Functions
	Coarse time-frequency synchronization & cell ID acquisition
	MIB acquisition, [confirming cell ID acquisition]

	Parameters included (content)
	Cell ID (NCID hypotheses)
	MIB: system bandwidth information (n1 bits), SFN (8 bits), symbol timing (n3 bits) 
+ [m reserved bits]

	Need for blind detection
	[Alt 1] n/a 
[Alt 2] sub-carrier spacing
	n/a



Proposal: Use Table 2 as a starting point in deciding functions and content of synchronization signals (consisting of nrPSS and nrSSS) and nrPBCH
Design considerations
Following that for LTE (see Table 1), low channel coding rate should be used for nrPBCH as well. Since the payload of MIB is sufficiently small, a tail biting convolutional code similar to that of LTE can be reused along with repetition or multi-symbol transmission.  
However, the following factors may lead to some differentiation in the design of nrPSS/nrSSS and nrPBCH compared to LTE PSS/SSS and PBCH:
· Possibility for transmitting nrPSS/nrSS and nrPBCH with variable sub-carrier spacing [2] needs to be taken into account in designing nrPSS and nrSSS.
· For LTE, PSS/SSS/PBCH occupies 1.4MHz (which corresponds to the minimum system bandwidth from eNB perspective). While 1.4 MHz seems to be sufficient for LTE, whether it is sufficient for NR (<6GHz and >6GHz) is still unclear. This is especially true for >6GHz (since the minimum system BW can be much larger in this case). 
· When nrPSS/nrSSS and nrPBCH are transmitted multiple (N) times across N OFDM symbols (e.g. beam sweeping is used for coverage enhancement), multiplexing nrPSS, nrSSS, and nrPBCH solely in time-domain (across contiguous OFDM symbols) may be either infeasible or inefficient.
· For NR, an ‘always-on’ RS (such as LTE CRS) is most likely not present. Therefore, nrPBCH may either require a special demodulation RS within the nrPBCH-carrying OFDM symbol(s) or use other signals for demodulation RS.  
Based on the above considerations, the following properties are proposed for designing nrPSS, nrSSS, and nrPBCH:
· Considering UE complexity and detection reliability, it is desirable to minimize the number of blind detection hypotheses. In addition, the design should accommodate multiple transmission (e.g. for beam sweeping). Therefore, a single-format nrPSS (with small transmission BW) and a dual-format nrSSS design should be studied where:
· Format 1 nrSSS: for instance, same BW as nrPSS, TDM with nrPSS (targeted for N=1 and/or <6GHz)
· Format 2 nrSSS: for instance, larger BW than nrPSS, FDM with nrPSS (targeted for N>1 and/or >6GHz)
· If variable sub-carrier spacing is applicable for nrPSS/nrSSS and nrPBCH transmissions, the following two alternatives are applicable and need to be studied:
· [bookmark: _GoBack]Alt1. Maintain the same transmission BW regardless of the sub-carrier spacing, following the above dual-format nrSSS design. 
· Alt2. Linearly scale the transmission BW with sub-carrier spacing, following the above dual-format nrSSS design. 
· nrPBCH can share the same transmission BW and frequency-domain location as nrSSS. In addition, the possibility of using nrSSS to facilitate nrPBCH demodulation should be studied and, if feasible, taken into account when designing nrSSS and nrPBCH.
· This also necessitates nrPBCH and nrSSS to share a same antenna port and precoding/beamforming vector. When N>1 (multi-beam architecture), the same beamformer should be applied to two adjacent instances of nrPBCH and nrSSS 

Proposal: Study the following designs for nrPSS, nrSSS, and nrPBCH:
· Single-format nrPSS and dual-format nrSSS where the two nrSSS formats are differentiated by, e.g. transmission bandwidth, multiplexing scheme with nrPSS
· Two alternative approaches in addressing variable sub-carrier spacing:
· Alt1. Maintain the same transmission BW regardless of the sub-carrier spacing
· Alt2. Linearly scale the transmission BW with sub-carrier spacing
· nrPBCH with the same transmission bandwidth and frequency-domain location as nrSSS with the possibility of using nrSSS for demodulation  

[bookmark: _Ref446598642]Conclusions
In this contribution, an overview of NR initial access, focusing on synchronization signals and PBCH (termed nrSS including nrPSS/nrSSS and nrPBCH), is given. Our proposal can be summarized as follows: 
· High-level initial access procedure for NR follows that for LTE as depicted in Figure 1
· Use Table 2 as a starting point in deciding functions and content of synchronization signals (consisting of nrPSS and nrSSS) and nrPBCH
· Study the following designs for nrPSS, nrSSS, and nrPBCH:
· Single-format nrPSS and dual-format nrSSS where the two nrSSS formats are differentiated by, e.g. transmission bandwidth, multiplexing scheme with nrPSS
· Two alternative approaches in addressing variable sub-carrier spacing:
· Alt1. Maintain the same transmission BW regardless of the sub-carrier spacing
· Alt2. Linearly scale the transmission BW with sub-carrier spacing
· nrPBCH with the same transmission bandwidth and frequency-domain location as nrSSS with the possibility of using nrSSS for demodulation  
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