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1 Introduction
In RAN1#86bis, the following agreements were made for NR synchronization signals and broadcast channel [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
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set

· FFS: whether or not to define common periodicity range for SS burst set across NR carriers

· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

This contribution discusses the design aspects of NR synchronization signals and broadcast channel for below 6 GHz. In particular, this contribution focuses on time and frequency resource mapping and multiplexing of NR-PSS, NR-SSS and NR-PBCH for below 6 GHz where single beam based transmission is mainly considered.

2 NR synchronization signal mapping and multiplexing

2.1 Multiplexing of synchronization signals for below 6 GHz
For high frequency range, e.g., above 6 GHz, depending on the deployment scenarios, beamforming with narrow beam-width is needed to compensate severe coverage losses due to the high free space path loss and additional non-line-of-sight (LOS) loss. Since this narrow beam based transmission only covers limited angular area, beam sweeping is required for NR-PSS, NR-SSS and NR-PBCH. On the other hand, in low frequency range, e.g., below 6 GHz, coverage losses due to the free space path loss and NLOS loss are not critical and insufficient received power at cell edge can be compensated by combining NR-PSS, NR-SSS and NR-PBCH over multiple periods. For this reason, beam sweeping is not required for NR-PSS, NR-SSS and NR-PBCH in below 6 GHz frequency range. Therefore, for below 6 GHz frequency range, it is proposed that SS block including NR-PSS, NR-SSS and NR-PBCH is transmitted once in one periodicity of SS burst set.
Proposal 1: For below 6 GHz frequency range, it is proposed that SS block including NR-PSS, NR-SSS and NR-PBCH is transmitted once in one periodicity of SS burst set.
In the last meeting, it was discussed how to multiplex NR-PSS, NR-SSS and NR-PBCH within a SS block. It is observed that the FDM of NR-PSS, NR-SSS and NR-PBCH in one OFDM symbol is particularly beneficial for above 6 GHz frequency range considering beam sweeping as discussed in [2]. For beam sweeping, resource overhead is dependent on both the number of OFDM symbols for a set of NR-PSS/NR-SSS/NR-PBCH and the number of beams. Since the number of beams cannot be reduced for sufficient coverage, it is preferred to minimize the number of OFDM symbols for the transmission of a set of NR-PSS/NR-SSS/NR-PBCH from resource overhead perspective. If FDM is applied for the transmission of NR-PSS, NR-SSS and NR-PBCH, the resources for synchronization procedure can be minimized. Furthermore, the remaining frequency resources which are not used for NR-PSS, NR-SSS and NR-PBCH in the sync sub-frames can be minimized, where those resources cannot be used for other data transmission by the restriction of beams used for synchronization signals.
However, different approach is required for below 6 GHz frequency range since single beam is mostly considered in that frequency range. Since beam sweeping is not typically considered in that frequency region, the TDM can be the proper choice from the coverage perspective. Since NR-PSS, NR-SSS and NR-PBCH are transmitted on dedicated OFDM symbols, the gNB can utilize the available transmission power on the respective OFDM symbols to control the transmission power of each of these signals. Compared to the case where these signals are multiplexed within a single OFDM, this approach has benefits in terms of the range of power that can be allocated. 
Proposal 2: For below 6 GHz frequency range, TDM of NR-PSS, NR-SSS and NR-PBCH within a SS block should be used. 

3 Periodicity of NR-PSS, NR-SSS and NR-PBCH

In the last meeting, multiple periodicities of SS burst set were discussed and it was agreed that NR air interface defines at least one periodicity of SS burst set. However, it is still remained as FFS whether to have more than one periodicity of SS burst set. 
The main argument that having more than one periodicities of SS burst set sees benefits is that it can give gNB the flexibility of resource overhead control in particular scenarios. For example, if a non-standalone carrier is considered in NR, a longer periodicity can be used in the carrier to minimize resource overhead due to transmission of NR-PSS, NR-SSS and NR-PBCH, and the periodicity can be configured to UEs. And in stand-alone cell, gNB can apply a longer periodicity for transmission of NR-PSS, NR-SSS and NR-PBCH if it wants to reduce resource overhead for some reasons. However, the possible benefits are not clear and it is even worse from UE perspective. When a UE searches synchronization signals in the initial access, the UE cannot know the periodicity of synchronization signals if multiple periodicities of SS burst set is allowed. In that case, the UE has to assume one periodicity of SS burst set regardless of which periodicity gNB applies. If a UE’s assumption on the periodicity of SS burst set is different with what gNB uses, the targeted performance will not be guaranteed. If the UE assumes shorter periodicity than the periodicity of SS burst set, there will be performance loss in detection of NR synchronization signals since interference is also accumulated when the cell edge UE accumulates the correlation of NR-PSS for coverage extension. Larger battery consumption is another drawback in this case. On the other hand, if a UE has to assume longer periodicity of SS burst set in initial access, there is no benefits from applying multiple periodicities of SS burst set. In addition, if the periodicities of SS burst set of neighbor cells are different, it is also unclear how a UE does adjacent cell measurement. For those reasons above, it is proposed that NR supports single periodicity of SS burst set for initial access. 
Proposal 3: It is proposed that NR supports single periodicity of SS burst set for initial access.
Periodicity of synchronization signals are deeply related to the latency and UE complexity. If longer periodicity is used, as discussed before, resource overhead due to “always-on” signals can be minimized. On the other hand, since search window of synchronization is increased, it is expected that UE complexity and latency of initial access would be increased. In addition, considering that NR-PSS and NR-SSS can be used for idle measurement in below 6 GHz, sufficient periodicity for the transmission of NR-PSS and NR-SSS is required. Finally, considering measurement gap for inter-RAT such as LTE, 5ms second is a good starting point for the periodicity of SS burst set.
Proposal 4: Consider 5ms of SS burst set periodicity as starting point in NR.
4 SSS design for PBCH demodulation

In LTE, CRS is the general-purpose RS for demodulation of various physical channels including PBCH. In NR, due to various reasons such as forward compatibility, network energy saving, and interference reduction, it is assumed that “always-ON” RS like CRS has to be avoided. Without CRS, the demodulation of NR-PBCH has to be done in a different way compared to LTE and there are multiple options as follows.
· Alternative #1: to use dedicated RS for demodulation of NR-PBCH 

· Alternative #2: to re-use synchronization signals as a demodulation reference
Comparing two alternatives, it is natural that the dedicated RS for NR-PBCH will increase RS overhead. From RS overhead perspective, synchronization signals can be re-used for NR-PBCH demodulation. The detailed design requirements enabling NR-PBCH demodulation based on synchronization signals are as below

· Synchronization signals and NR-PBCH should be transmitted in the same frequency location.

· Transmission bandwidth of synchronization signals should be same or larger than transmission bandwidth of NR-PBCH.
· Synchronization signals which are used for demodulation of NR-PBCH should be transmitted in the adjacent OFDM symbols of NR-PBCH symbols. 

· The antenna ports for NR-PBCH are identical to those for synchronization signals. If transmit diversity scheme is supported in NR-PBCH, multiple ports for the transmission of synchronization signals have to be supported.
Figure 1 shows examples of synchronization signal transmission when NR-SSS is considered as the demodulation reference of NR-PBCH. In this figure, we assume one OFDM symbol is required for both NR-PSS and NR-SSS, and several OFDM symbols can be used for NR-PBCH transmission. Exact number of OFDM symbols for NR-PBCH is FFS depending on information bit size, NR-PBCH bandwidth, diversity scheme and coding rate. Two different options are illustrated in Figure 1. Figure 1(a) is showing the case that SSS is transmitted in the separate OFDM symbol before NR-PBCH transmission and both NR-PSS and NR-SSS can be used as demodulation RS for PBCH by utilizing at least 2 antenna ports. Figure 1(b) is showing the case that SSS is embedded within in NR-PBCH and multiple antenna ports can be supported only with NR-SSS. Considering complexity of NR-SSS detection, the former design is preferable since it requires only one OFDM symbols for detection of NR-SSS. On the other hand, the latter is beneficial when the Doppler frequency and remaining frequency offset are relatively high since 2-demensional channel estimation is possible for NR-PBCH. However, exact evaluations are required for decision of detailed structure for NR-SSS enabling NR-PBCH demodulation. 
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(a)  Separate SSS with PBCH                    (b) Embedded SSS within PBCH 

Figure 1 Examples of synchronization signals for PBCH demodulation

Proposal 5: NR-SSS should be considered for the demodulation of NR-PBCH. Detailed design of NR-SSS and NR-PBCH for demodulation of NR-PBCH should be studied further. 

5 Conclusion

This contribution discussed the design aspects of NR synchronization signals and broadcast channel for below 6 GHz. In particular, this contribution focused on time and frequency resource mapping and multiplexing of NR-PSS, NR-SSS and NR-PBCH for below 6 GHz where single beam based transmission is mainly considered. Finally, based on the discussion it made following proposals. 

Proposal 1: For below 6 GHz frequency range, it is proposed that SS block including NR-PSS, NR-SSS and NR-PBCH is transmitted once in one periodicity of SS burst set.

Proposal 2: For below 6 GHz frequency range, TDM of NR-PSS, NR-SSS and NR-PBCH should be used. 

Proposal 3: It is proposed that NR supports single periodicity of SS burst set for initial access.
Proposal 4: Consider 5ms of SS burst set periodicity as starting point in NR.
Proposal 5: NR-SSS should be considered for the demodulation of NR -PBCH. Detailed design of NR-SSS and NR -PBCH for demodulation of NR -PBCH should be studied further. 
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