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1. Introduction
In RAN1 NR Ad-Hoc meeting [1], we made following agreements:
	Agreements:
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]

· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]

· The above frequency range categories may be further divided into different categories with different parameters

· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS

· FFS: UE bandwidth
Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.


In this contribution, we further discuss on SS bandwidth and multiplexing.
2. Discussion
SS Bandwidth

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. So, if we consider not to increase UE detection complexity, narrow bandwidth is preferred for SS. On the other hand, in order to enhance one shot detection performance, it is required to introduce wider transmission bandwidth for NR-SS. However, it is hard to expect NR-SS detection performance enhancement using wider bandwidth due to non-coherent detection in frequency selectivity channel environment. 
On the other hand, for one shot detection performance enhancement, transmission power boosting with narrow SS transmission bandwidth becomes a good solution. In our companion contribution [2], it is shown that new PSS design based on 1.08MHz bandwidth with 6dB power boosting provides better detection performance than that of longer sequence with wider bandwidth (i.e. 4.32MHz) and same time duration (i.e. about 70us). In this point of view, we can consider the SS design that transmission bandwidth for NR synchronization signal is similar with that of LTE for below 6GHz. 
Also, considering on linear scaling of transmission bandwidth according to subcarrier spacing, N (e.g. N is eight) 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 eight times wider (i.e. 8.64MHz) than that for below 6GHz.
SS Multiplexing

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 method for 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 SS and PBCH. The exact number N of OFDM symbol for SS block composition is decided by required number of OFDM symbol for SS and PBCH. Minimum number of OFDM symbol for SS block is preferred to reduce mandatory DL only time duration.
According to agreement for SS multiplexing, two OFDM symbols are required for multiplexing of PSS and SSS in time domain. For PBCH, at least two OFDM symbols within bandwidth for SS block transmission (e.g. 5MHz for below 6GHz) are necessity to delivery system information [3]. Therefore, NR should consider to introduce at least 4 OFDM symbols for SS block composition.

Proposal 2: NR should support time domain multiplexing of SS and PBCH, and consider to introduce at least 4 OFDM symbols for SS block composition.
For SS block composition, we can consider two alternatives in case of time domain multiplexing:

· Alt. 1: Time domain multiplexing of SS and PBCH within contiguous OFDM symbols
· Alt. 2: Transmission of SS and PBCH with timing gap (e.g. 0.5ms)
As shown in figure 1, N contiguous OFDM symbols are assigned for SS and PBCH transmission. However, if transmission periodicity for SS and PBCH is different, the time period for OFDM symbols of PBCH transmission should be reserved for beam sweeping when PBCH is not transmitted. In order to resolve the ambiguity of that time period, it can be considered that SS and PBCH are transmitted 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 PBCH is constructed by two OFDM symbols, same beam sweeping operation of SS could be assumed for PBCH. After synchronization signal is detected, UE can expect to receive PBCH which has same beam direction within timing gap. If PBCH is not transmitted, the time resource could be assigned for other channel/signal transmission.

Proposal 3: SS is transmitted using same beam direction within contiguous two OFDM symbol, and analog beam is changed at every two OFDM symbols.
Proposal 4: SS and 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 PBCH which has same beam direction within timing gap.
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Figure 1. Time domain multiplexing of SS and PBCH within contiguous OFDM symbols
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Figure 2. Transmission of SS and PBCH with timing gap (e.g. 0.5ms)
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 eight times wider (i.e. 8.64MHz) than that for below 6GHz.
Proposal 2: NR should support time domain multiplexing of SS and PBCH, and consider to introduce at least 4 OFDM symbols for SS block composition.

Proposal 3: 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: SS and 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 PBCH which has same beam direction within timing gap.
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