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1. Introduction

At the RAN1#86bis meeting, PHY layer aspects related to initial access procedure were discussed and RAN1 made following agreements regarding synchronization signal and essential system information delivery [1].
	Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
· 


In this contribution, we discuss on initial access procedure, including discussion on functionalities/information provided by NR-PSS/SSS/PBCH and other signal/channel for initial access. We also show our views on SS and broadcast signal/channel design in our companion contributions [2-3]. 
2. Discussion on initial access procedure for NR
2.1. Functionalities provided by NR-PSS/SSS
In LTE, hierarchical synchronization signals, i.e., PSS/SSS provide coarse time/frequency synchronization, cell ID identification, subframe boundary identification, frame structure type (FS1 or FS2) differentiation and CP overhead identification. In particular, Table 2-1 summarizes functionalities/information provided by PSS/SSS detection in LTE. 
Table 2-1: Functionalities/information provided by PSS/SSS in LTE

	Procedure
	Object
	Provided information/functionality
	Number of hypotheses

	PSS detection
	Detected sequence pattern of PSS
	A part of physical-layer cell ID (identity within the physical-layer cell-identity group)
	3

	
	Detected time/frequency resource position of PSS
	Initial coarse time/frequency synchronization to PSS symbol boundary
	9600

	SSS detection
	Detected sequence pattern of SSS
	A part of physical-layer cell ID (physical-layer cell-identity group)
	168

	
	
	Subframe index (#0 or #5)
	2

	
	Detected time-domain resource position of PSS
	CP overhead (normal CP or extended CP)
	2

	
	
	Frame structure type (FS1 or FS2)
	2

	
	Detected frequency-domain resource position of PSS
	Coarse frequency synchronization
	-


As we argue in [2] for NR, complexity and performance of NR-PSS/SSS detection should be carefully considered and hence we prefer a simple NR-PSS/SSS detection design that provides minimum functionalities as described below.

· NR-PSS provides initial coarse time/frequency synchronization to NR-PSS symbol boundary of the NR cell.

· FFS: whether NR-PSS provides part of NR cell ID or not.

· NR-SSS provides detection of NR cell ID (or part of NR cell ID) and further frequency offset compensation.
· NR-SSS may also be used for cell-level RRM measurement.

Other functionalities provided by LTE-PSS/SSS, i.e., CP overhead identification, frame structure type differentiation and subframe boundary identification can be provided by NR-PBCH and/or other broadcast channel/signal.
Proposal 1: Following functionalities are provided by NR-PSS/SSS.
· NR-PSS provides initial coarse time/frequency synchronization to NR-PSS symbol boundary of the NR cell.

· FFS: whether NR-PSS provides part of NR cell ID or not.

· NR-SSS provides detection of NR cell ID (or part of NR cell ID) and further frequency offset compensation.

· NR-SSS may also be used for cell-level RRM measurement.
2.2. Information provided by NR-PBCH
After detecting NR-SS, UE needs to read essential system information necessary for initial access (called minimum SI). Detection of NR-PBCH is required as first step to obtain at least part of minimum SI or information necessary to read other broadcast channel carrying minimum SI. In LTE, MIB in PBCH carries system bandwidth, PHICH configuration and system frame number (SFN) as minimum required information to read common search space scheduling SIB1. We think this principle should be applied to NR-PBCH so that robust NR-PBCH design (i.e., decodable even in low SINR condition) based on limited payload size can be achieved.
As such minimum required information to decode channel carrying or scheduling minimum SI, at least following information should be considered as possible contents in NR-PBCH.

· Numerology used for SIB (and associated signaling) transmission, if it is different from numerology used for NR-SS and NR-PBCH

· Information regarding frequency resource position of SIB (or associated signaling), e.g., frequency offset from the resource position of NR-SS and/or NR-PBCH, if the frequency resource position of SIB or associated signaling is different from that of NR-SS and/or NR-PBCH

· Symbol index, subframe index, slot index and/or SFN for NR-PBCH or time domain offset between SIB (or associated signaling) and NR-SS or NR-PBCH, if the relative time resource position between SIB (or associated signaling) and NR-SS or NR-PBCH is not fixed
· CP overhead
· Antenna ports configuration which may be implicitly indicated, if transmit diversity scheme is supported for PBCH/SIB (and associated signaling) transmission
Proposal 2: At least following information should be considered as possible contents in NR-PBCH.
· Numerology used for SIB (and associated signaling) transmission
· Information regarding frequency resource position of SIB (or associated signaling), e.g., frequency offset from the resource position of NR-SS and/or NR-PBCH
· Symbol index, subframe index, slot index and/or SFN for NR-PBCH or time domain offset between SIB (or associated signaling) and NR-SS or NR-PBCH
· CP overhead
· Antenna ports configuration which may be implicitly indicated

2.3. Information provided by other broadcast channel
LTE SIB1 and SIB2 carry following information for initial access.

· SIB1 contains information regarding whether or not UE is allowed to access the LTE cell. It also defines the scheduling of the other SIBs. It carries cell ID, PLMN ID (MCC, MNC), TAC (tracking are code), SIB mapping and so on.
· SIB2 contains radio resource configuration information that is common for all UEs. It carries common and shared channel configuration, RACH related configuration, timers, UL power controls and so on.
For initial access in NR, similar principle can be applied and hence minimum SI will include at least following information.
· Information regarding whether or not UE is allowed to access the NR cell, e.g., PLMN ID and barring information.
· Information necessary for Msg. 1 (PRACH) transmission and information necessary for Msg.2 (RAR) reception.
Regarding RACH related configuration information for NR, RAN1 agreed to consider following new information to be carried by broadcast channel [1].
· Association between one or  multiple  occasions for DL broadcast channel/signal and a subset of RACH resources
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resources
Proposal 3: At least following information should be broadcasted as minimum SI for initial access.
· Information regarding whether or not UE is allowed to access the NR cell, e.g., PLMN ID and barring information
· Information necessary for Msg. 1 (PRACH) transmission and information necessary for Msg.2 (RAR) reception
3. Conclusion 

In this contribution, we discussed on initial access procedure, including discussion on functionalities/information provided by NR-PSS/SSS/PBCH and other signal/channel for initial access. We made the following proposals and proposed initial access procedure for NR is shown in Figure 3-1. 

Proposal 1: Following functionalities are provided by NR-PSS/SSS.

· NR-PSS provides initial coarse time/frequency synchronization to NR-PSS symbol boundary of the NR cell.

· FFS: whether NR-PSS provides part of NR cell ID or not.

· NR-SSS provides detection of NR cell ID (or part of NR cell ID) and further frequency offset compensation.

· NR-SSS may also be used for cell-level RRM measurement.

Proposal 2: At least following information should be considered as possible contents in NR-PBCH.
· Numerology used for SIB (and associated signaling) transmission
· Information regarding frequency resource position of SIB (or associated signaling), e.g., frequency offset from the resource position of NR-SS and/or NR-PBCH
· Symbol index, subframe index, slot index and/or SFN for NR-PBCH or time domain offset between SIB (or associated signaling) and NR-SS or NR-PBCH
· CP overhead
· Antenna ports configuration which may be implicitly indicated

Proposal 3: At least following information should be broadcasted as minimum SI for initial access.
· Information regarding whether or not UE is allowed to access the NR cell, e.g., PLMN ID and barring information
· Information necessary for Msg. 1 (PRACH) transmission and information necessary for Msg.2 (RAR) reception
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Figure 3-1: Proposed initial access procedure for NR
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