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1. Introduction
In RAN1#86bis meeting, were made as follows [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

Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz


In this contribution, we further discuss on SS bandwidth and multiplexing.
2. Discussion
Transmission bandwidth for synchronization signal is related with UE detection complexity. If the transmission bandwidth becomes wider, sampling rate for synchronization signal transmission and reception is also increased. As a result, synchronization signal detection complexity of UE side increased. Two factors (i.e. subcarrier spacing and multiplexing method for SS) can be considered as a main element which transmission bandwidth becomes wider. If wider subcarrier spacing is introduced for robustness against frequency offset, transmission bandwidth could be also linearly increased. Also, if synchronization signals are FDMed, transmission bandwidth is increased by twice. However, if it is not preferred to increase UE side detection complexity according to wider transmission bandwidth, we can consider possible solutions (e.g. new sequence design for NR, multiplexing of synchronization signals in time domain, etc.) to prevent increasing transmission bandwidth. In legacy LTE specification, the bandwidth for synchronization signal is defined as 1.08MHz, and the OFDM symbol duration is defined as 70μs. In our companion contribution [2], we provide new PSS design which has similar transmission bandwidth with LTE and wider subcarrier spacing (i.e. 60kHz). Also, in the proposal, time domain multiplexing is assumed for NR SS. From the simulation result, we can see the possibility that NR SS sequence provides a better performance than LTE SS sequence even in larger frequency offset, and detection complexity for synchronization is not higher than LTE SS detection. In this point of view, we can consider the NR SS design that transmission bandwidth for NR synchronization signal is similar with that of LTE for below 6GHz, and synchronization signals are multiplexed in time domain. Also, considering on linear scaling of transmission bandwidth according to subcarrier spacing, N (e.g. N is four) times wider transmission bandwidth can be applied for below 40GHz band.
Proposal 1: For below 6 GHz, the transmission bandwidth of NR synchronization signal is similar with that of LTE synchronization signal (i.e. 1.08MHz). Also, the transmission bandwidth of NR synchronization signal for below 40GHz is four times wider (e.g. 4.32MHz) than that for below 6GHz.
Proposal 2: NR synchronization signals are multiplexed in time domain for both below 6GHz and below 40GHz.
For initial access, NR assumes both single-beam and multi-beam transmission. Especially, for multi-beam transmission, beam sweeping is considered as a possible approach. Considering on beam sweeping for synchronization signals, there is a possible issue related with multiplexing of SS and PBCH. One way of multiplexing of SS and PBCH is TDMed within contiguous OFDM symbols as shown in figure 1. For single beam case, this method looks similar with multiplexing LTE SS and LTE PBCH. For multi-beam case, beam is swept at every N OFDM symbols, which is a time unit for multiplexing of NR SS and NR PBCH. However, in case that transmission periodicity for NR SS and NR PBCH is different, the time period for OFDM symbols of NR PBCH transmission could be reserved for beam sweeping even in NR PBCH is not transmitted. In order to resolve the ambiguity of that time period, it can be considered that NR SS and NR PBCH are transmitted with timing gap (e.g. 0.5ms) as shown in figure 2.
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Figure 1. Time domain multiplexing of NR SS and NR PBCH within contiguous OFDM symbols
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Figure 2. Transmission of NR SS and NR PBCH with timing gap (e.g. 0.5ms)
In figure 2, it is described that time domain multiplexed synchronization signals are transmitted using same beam direction within contiguous two OFDM symbols, and analog beam is changed at every two OFDM symbols. Also, beam sweeping is operated within timing gap (e.g. 0.5ms). When NR PBCH is constructed by two OFDM symbols [3], same beam sweeping operation of NR SS could be assumed for NR PBCH. After NR synchronization signal is detected, UE can expect to receive NR PBCH which has same beam direction within timing gap. If NR PBCH is not transmitted, the time resource could be assigned for other channel/signal transmission.
Proposal 3: NR SS (i.e. PSS and SSS) is transmitted using same beam direction within contiguous two OFDM symbol, and analog beam is changed at every two OFDM symbols.
Proposal 4: NR SS and NR PBCH are transmitted with timing gap (e.g. 0.5ms). In case of multi-beam operation, beam could be changed within timing gap. After NR synchronization signal is detected, UE can expect to receive NR PBCH which has same beam direction within timing gap.
3. Conclusion
In this contribution, we discussed on SS bandwidth and multiplexing. The following is our proposal:

Proposal 1: For below 6 GHz, the transmission bandwidth of NR synchronization signal is similar with that of LTE synchronization signal (i.e. 1.08MHz). Also, the transmission bandwidth of NR synchronization signal for below 40GHz is four times wider (e.g. 4.32MHz) than that for below 6GHz.
Proposal 2: NR synchronization signals are multiplexed in time domain for both below 6GHz and below 40GHz.

Proposal 3: NR SS (i.e. PSS and SSS) is transmitted using same beam direction within contiguous two OFDM symbols, and analog beam is changed at every two OFDM symbols.
Proposal 4: NR SS and NR PBCH are transmitted with timing gap (e.g. 0.5ms). In case of multi-beam operation, beam could be changed within timing gap. After NR synchronization signal is detected, UE can expect to receive NR PBCH which has same beam direction within timing gap.
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