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Introduction
The agreements on synchronization signal and broadcast channel in RAN1 #86bis meeting [1] are as follows:

	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

Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.
· FFS: whether or not to define a single numerology or multiple numerology for frequency range
· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings




In addition, there were several agreements and working assumption on multiplexing between NR-PSS, NR-SSS and/or NR-PBCH, unified structure of NR-SS, periodicity of NR-SS burst set, and transmission bandwidth for NR-PSS/SSS and/or NR-PBCH. Based on the above agreements, we discuss several aspects on design of synchronization signal and broadcast channel in this contribution.

Design of Synchronization Signal
NR-SS and NR-PBCH types
[bookmark: _GoBack]According to the above agreement, NR defines at least two types of NR-SS and one broadcast channel, NR-PBCH. We do not see any clear necessity and benefit of additional initial access signals/channels. Therefore, additional type of synchronization signal and broadcast channel is not required.
Similar functionalities as in LTE can be considered in the design of NR-SS. Defining detail functionalities should be studied along with the design of those signals and channel. In addition to those functionalities, NR-PSS should provide the functionality for detecting subcarrier spacing for NR-SSS and NR-PBCH as well as NR-PSS itself. It will be discussed in more detail in the following subsection.
Regarding the essential system information carried by NR-PBCH, we prefer that minimum information necessary for UE to perform initial UL transmission is carried through NR-PBCH. For example, if the association between DL broadcast channel/signal and a subset of RACH resources is informed through NR-PBCH, it will be beneficial for fast initial access and beam operation. The numerology for data transmission can be also informed by the broadcast channel. The detail contents of the information and other essential system information should be studied further. Therefore, we propose to study further on option 2 and 3.

Observation: Except for the agreed two types of synchronization signals and one broadcast channel, neither additional synchronization signal nor broadcast channel is required.
Proposal 1: Regrading broadcasting schemes to carry essential system information, option 2 and 3 should be studied further.

Numerology for NR-SS (PSS and SSS) and NR-PBCH
Numerology for NR-PSS
In the last meeting, it has been decided that at least one subcarrier spacing for each synchronization signal is predefined in the specification for a given frequency range. Therefore, in the given frequency range, a UE will try to acquire initial timing with the predefined subcarrier spacing with the highest priority. For the predefined subcarrier spacing, a large value (e.g., 30 kHz or 60 kHz instead of 15 kHz for below 6GHz) will be proper since the wide subcarrier spacing will be robust large carrier frequency offset (up to 20 ppm [2]) and reduce hypotheses CFO testing. However, the wide subcarrier spacing would be poor at coverage and large delay spread due to short symbol duration and short cyclic prefix. In order to overcome these weaknesses, we propose to have a complementary version of synchronization signal with the narrower subcarrier spacing than the predefined wider one (e.g., 30 or 60 kHz for the predefined value, 15 kHz for the complementary version). We also propose that the design of synchronization signal with two different subcarrier spacings can be realized by time-repeated approach [3][4][5]. It will be introduced in the following subsection. Regarding the frequency ranges, the granularity and exact values of the frequency range should be further studied.

Proposal 2: At least two different (wider and narrower) subcarrier spacing should be supported in a given frequency range.
Proposal 3: The NR-PSS should provide the functionality for detecting of subcarrier spacing which is used for NR-SS (PSS and SSS) and NR-PBCH.

Time-repeated synchronization signal
In this subsection, we introduce the design of synchronization signal which does not require knowledge of numerology in advance. For this, the subcarrier mapping of synchronization sequence considering different subcarrier spacing according to different numerologies should be considered.
When the wider subcarrier spacing that is predefined with the first priority is used, a set of synchronization sequence maps onto a set of ‘M’ contiguous subcarriers. In case of the narrower subcarrier spacing that is also predefined with the second priority is used, the same synchronization sequence maps onto a set of ‘2M’ contiguous subcarriers in such a way that every 2nd one of ‘2M’ subcarriers carries the synchronization sequence and remaining ones of ‘2M’ subcarriers have zero values as shown in Figure 1.
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Figure 1 – Example of subcarrier mapping for design of time-repeated synchronization signal

As a result, the transmission bandwidth for a synchronization signal will be the same regardless of the subcarrier spacing. In case of narrower subcarrier spacing, the time domain representation of the synchronization signal will be repeated 2 times and the each repeated pattern will be the same with the time domain signal with wider subcarrier spacing. This structure could be beneficial to UE complexity since the same time domain correlator can be used for timing detection regardless of the subcarrier spacing. Even though the subcarrier spacings are ordered by priority, a UE can try to acquire initial timing assuming both subcarrier spacings simultaneously thanks to the time-repeated structure. In addition, the UE can also detect the used numerology based on the time-repeated structure of synchronization signal using the number of peaks, correlation values, and/or other metrics.

Proposal 4: Time-repeated structure of NR-PSS should be studied.

Numerology for NR-SSS and NR-PBCH
In the previous subsection, we proposed at least two different subcarrier spacings for NR-PSS and the functionality for detection subcarrier spacing in NR-PSS. Since we prefer the multiple candidates for NR-PSS’s subcarrier spacing, gNB can select one of those subcarrier spacing candidates according to deployment environments and scenarios. In this case, there is no reason to support different subcarrier spacing between NR-PSS and other broadcasting channel/signal (e.g., NR-SSS and NR-PBCH). Therefore, the subcarrier spacing for NR- SSS and PBCH should be the same with the NR-PSS.

Proposal 5: The subcarrier spacing for NR-SSS and NR-PBCH should be the same with NR-PSS.

Multiplexing between NR-PSS/SSS and/or PBCH
From our perspective, it depends on the decision of minimum transmission bandwidth. If there are enough frequency resources for transmission of other signal and channel (e.g., NR-SSS and NR-PBCH) after mapping NR-PSS, there is no reason not to multiplex in frequency domain. In addition, considering beam sweeping operation for initial access, less number of OFDM symbols for NR-SS (PSS and SSS) and NR-PBCH would be beneficial to design of frame structure for initial access. Therefore, frequency domain multiplexing should be supported.

Proposal 6: Frequency domain multiplexing should be supported if possible.

Summary
In this contribution, we made the following observation and proposals.
For initial access signals/channels,
Observation: Except for the agreed two types of synchronization signals and one broadcast channel, neither additional synchronization signal nor broadcast channel is required.
Proposal 1: Regrading broadcasting schemes to carry essential system information, option 2 and 3 should be studied further.

For numerology and design of synchronization signal,
Proposal 2: At least two different (wider and narrower) subcarrier spacing should be supported in a given frequency range.
Proposal 3: The NR-PSS should provide the functionality for detecting of subcarrier spacing which is used for NR-SS (PSS and SSS) and NR-PBCH.
Proposal 4: Time-repeated structure of NR-PSS should be studied.
Proposal 5: The subcarrier spacing for NR-SSS and NR-PBCH should be the same with NR-PSS.

For multiplexing between synchronization signals and broadcast channel,
Proposal 6: Frequency domain multiplexing should be supported if possible.
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