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1. Introduction

At the RAN1#86 meeting, PHY layer aspects related to initial access were discussed and RAN1 made following agreements regarding synchronization signal and essential system information delivery [1].
	Agreements:

· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case

· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility

· FFS: supporting efficient inter-RAT measurement

· Reducing the frequency hypothesis UE needs to search for compared to LTE

· FFS: detecting beam ID(s)

Agreements:

· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied

· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range

· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS

· FFS: Details on the set of possible numerologies

· Note: Blind detection of multiple numerologies can be considered

· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges

· Other alternatives are not precluded

· NR synchronization signal is based on CP-OFDM

· Note that DFT-spread-OFDM based design is not precluded
Agreements:

· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of  each synchronization signal and at least some essential system information.

· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges

· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not

· FFS: the transmission bandwidth and the corresponding numerology

· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands

Agreements:

· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 

· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part

· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)

· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)

· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)

· In the above study, at least following aspects should be considered:

· Resource flexibility (e.g. in terms of ensuring forward compatibility, dynamic TDD operation)

· Resource overhead

· UE complexity (e.g. involved with decoding of the information)


In this contribution, we discuss on initial access design, including both signal design and procedure design for initial synchronization, cell identification and essential system information delivery. We also show our performance evaluation results related to synchronization signal design in our companion contribution [2]. 
2. Discussion on synchronization signal design for NR
2.1. Basic SS design and functionalities
In LTE, hierarchical synchronization signals, i.e., PSS/SSS provide coarse time/frequency synchronization, cell ID identification, subframe timing 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. It shows that even though number of physical-layer cell IDs (groups) in LTE is 504 (168), actual number of hypotheses when UE tries to detect SSS is much larger, i.e., 168*2*2*2 = 1344. 
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
	-

	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
	-


For NR synchronization signal (NR-SS) design, we have following views.

· It is beneficial to minimize number of hypotheses for NR-SS detection to improve the detection performance and to minimize UE burden. Frame structure type differentiation would not be necessary and we should target a simple NR-SS detection mechanism without having subframe timing identification and CP overhead identification. These information can be provided as part of system information.
· For initial time/frequency synchronization, the number of signal patterns UE need to search should be minimized. On the other hand, as agreed, providing sufficient number of the identity values of NR cell ID is important to allow deployment flexibility. Therefore, separate signals for initial synchronization and NR cell ID detection, i.e., at least NR-PSS and NR-SSS are necessary.
· Regarding subcarrier spacing of NR-SS, theoretically the half of subcarrier spacing needs to be wider than possible maximum frequency offset as shown in [2]. For example, if 6 GHz carrier frequency and +/- 5 ppm maximum frequency offset are assumed, subcarrier spacing should be equal to or wider than 60 kHz. In addition, assuming a fixed UE monitoring bandwidth for NR-SS detection, wider subcarrier spacing of NR-SS derives less number of subcarriers for NR-SS transmission, i.e., shorter NR-SS sequence length which causes poor correlation performance. Therefore, for a particular frequency carrier and target maximum frequency offset, basically one best subcarrier spacing value for NR-SS can be derived.
Proposal 1: It is beneficial to minimize number of hypotheses for NR-SS detection. 

· RAN1 should target a simple NR-SS detection mechanism without having frame structure type identification, subframe timing identification and CP overhead identification.

Proposal 2: Separate signals for initial synchronization and NR cell ID detection, i.e., at least NR-PSS and NR-SSS are supported.

Proposal 3: Further investigation on appropriate subcarrier spacing of NR-SS for each frequency range is necessary with considering a target frequency offset robustness.
2.2. Resource mapping of SS
Regarding a frequency resource position of NR-SS with respect to a center of NR carrier, RAN1 discussed proposals in [3] at the RAN1#86 meeting. We believe that it is beneficial to define sparser frequency raster for NR-SS detection than the NR carrier/channel raster considering very wide frequency range NR will support. So, in our view, frequency resource position of NR-SS can be different from center of the carrier.
Regarding a resource mapping (i.e., relative position) between PSS and SSS, in LTE PSS and SSS are multiplexed in time domain and different SSS time positions are assumed for different frame structure type (FDD or TDD) and CP overhead (normal or extended). As argued in previous subsection, we think the blind detection of frame structure type and CP overhead by using relative position between PSS and SSS should be removed in NR to achieve better detection performance and less UE burden. So TDM of PSS and SSS within a same slot or subframe like in LTE is not appropriate since the relative position between PSS and SSS will change with CP overhead. Figure 2-1 shows some examples of resource mapping of NR-PSS, NR-SSS and NR-PBCH in case of multi-beam based operation. 
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Figure 2-1: Examples of resource mapping of NR-PSS, NR-SSS and NR-PBCH with multi-beam based operation

· Figure 2-1 (a) shows Example#1 in which PSS, SSS and PBCH are multiplexed in time domain within a subframe or slot like in LTE. As argued above, it is not appropriate since it requires blind detection of CP overhead if multiple CP overhead configurations are supported in NR. In addition, in case of multi-beam based operation, each beam pattern is applied to a set of PSS/SSS/PBCH symbols, i.e., beam sweeping granularity in time domain is multiple symbols. In such case, resource mapping definition of PSS/SSS/PBCH with time domain grid based on subframe or slot will be complicated.
· Figure 2-1 (b) shows Example#2 in which PSS, SSS and PBCH are multiplexed in frequency domain. In order to achieve this design, PBCH will be mapped on single OFDM symbol together with RS for demodulation of PBCH. In this example, blind detection of CP overhead based on SS detection is not required and resource mapping definition of PSS/SSS/PBCH in case of multi-beam based operation can be simple, i.e., just the symbol repetition with beam changing. CP overhead and symbol index within a subframe or slot can be indicated as part of system information. This mapping design may require a wider monitoring bandwidth at UE for initial access than that in other example designs.
· Figure 2-1 (c) shows Example#3 in which PSS, SSS and PBCH are multiplexed in time domain, but in different subframe or slot with same symbol index. In this design, symbol-level beam sweeping within each subframe or slot is possible and relative resource position between PSS and SSS with same beam can be fixed irrespective of CP overhead. Since relative resource position between PSS/SSS and PBCH with same beam can also be fixed, SS detection does not need to provide CP overhead and symbol index within subframe or slot. But this design requires predefining a fixed number of offset symbols between PSS and SSS as well as between PSS/SSS and PBCH with same beam. Since it limits maximum number of beam patterns for SS/PBCH transmission within a periodicity, it should be carefully designed.
· Figure 2-1 (d) shows Example#4 in which FDM-based (like Example#2) and TDM-based (like Example#3) approaches are combined. Compared with Example#2, this approach can save the required monitoring bandwidth at UE for initial access. In addition, this approach has almost the same characteristics with Example#3 except for that Example#4 may suit to the signal design with different transmission bandwidth among PSS, SSS and PBCH.
In summary, we have found that Example#1 mapping would not be an appropriate design for NR. We propose to study further on other mapping designs like Example#2, #3 and #4. At least for the simple NR-SS detection mechanism that does not have blind CP overhead identification, frame structure type identification and subframe timing identification, relative resource position between NR-PSS and NR-SSS should be fixed irrespective of duplex mode, CP overhead, beam operation type and number of beams of the NR carrier.
Proposal 4: Relative resource position between NR-PSS and NR-SSS should be fixed irrespective of duplex mode, CP overhead, beam operation type and number of beams of the NR carrier.

3. Discussion on DL broadcast signal/channel design for NR
3.1. Physical broadcast channel design
After detecting NR-SS, UE needs to read essential system information necessary at least to perform random access. Detection of physical broadcast channel (NR-PBCH) is required as first step to verify the NR cell/carrier detection and to obtain minimum information necessary for reading other essential system information. 
As discussed in section 2.2, fixed relative resource position between NR-SS and NR-PBCH irrespective of duplex mode, CP overhead, beam operation type and number of beams of the NR carrier is preferable for the better SS detection design. In addition, as shown in Example#2/#3/#4 in Figure 2-1, NR-PBCH mapping to the single OFDM symbol will facilitate the simple and flexible resource mapping definition of NR-SS and NR-PBCH in single- and multi-beam based operations. 
For the coherent demodulation of PBCH, cell-specific reference signal is necessary to be transmitted with PBCH. Although NR-SS are the cell-specific reference signals, these signals cannot be used as NR-PBCH demodulation RS in Example#2, #3 and #4 since frequency resource position of NR-PBCH is different from that of NR-SS as in Example#2 or symbol position of NR-PBCH is far from NR-SS as in Example#3 and #4. Therefore, for those resource mapping designs, cell-specific RS for NR-PBCH demodulation separately from NR-SS is necessary. In addition, for the symbol-level beam sweeping of NR-PBCH, the RS for NR-PBCH demodulation needs to be multiplexed with NR-PBCH on the same OFDM symbol similar to CRS mapping in LTE.
Proposal 5: Relative resource position between NR-SS and NR-PBCH should be fixed irrespective of duplex mode, CP overhead, beam operation type and number of beams of the NR carrier.

Proposal 6: NR-PBCH mapping to the single OFDM symbol should be considered.

Proposal 7: Cell-specific RS for NR-PBCH demodulation separately from NR-SS is necessary.

3.2. Possible contents in NR-PBCH
As discussed above, NR-PBCH mapping to the single OFDM symbol is preferable in terms of the simple and flexible resource mapping definition and the simple NR-SS detection mechanism without blind detection of CP overhead. In such case, since PBCH size will be quite limited, we should consider minimum required information to be sent in NR-PBCH. 
We think the information in NR-PBCH should enable just to make SIB reading possible so that essential system information in SIB to complete initial access can be obtained. Following information can 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, if the relative time resource position between SIB (or associated signaling) and NR-SS or NR-PBCH is not fixed
· Antenna ports configuration which may be implicitly indicated, if transmit diversity scheme is supported for PBCH/SIB (and associated signaling) transmission
Proposal 8: Following information can 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

· Antenna ports configuration which may be implicitly indicated

4. Conclusion 

In this contribution, we discussed on initial access design, including both signal design and procedure design for initial synchronization, cell identification and essential system information delivery. We made the following proposals. 

Proposal 1: It is beneficial to minimize number of hypotheses for NR-SS detection. 

· RAN1 should target a simple NR-SS detection mechanism without having frame structure type identification, subframe timing identification and CP overhead identification.

Proposal 2: Separate signals for initial synchronization and NR cell ID detection, i.e., at least NR-PSS and NR-SSS are supported.

Proposal 3: Further investigation on appropriate subcarrier spacing of NR-SS for each frequency range is necessary with considering a target frequency offset robustness.

Proposal 4: Relative resource position between NR-PSS and NR-SSS should be fixed irrespective of duplex mode, CP overhead, beam operation type and number of beams of the NR carrier.

Proposal 5: Relative resource position between NR-SS and NR-PBCH should be fixed irrespective of duplex mode, CP overhead, beam operation type and number of beams of the NR carrier.

Proposal 6: NR-PBCH mapping to the single OFDM symbol should be considered.

Proposal 7: Cell-specific RS for NR-PBCH demodulation separately from NR-SS is necessary.

Proposal 8: Following information can 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

· Antenna ports configuration which may be implicitly indicated
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