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1. Introduction

For NR initial access, RAN1 has achieved much progress on synchronization signal (NR-SS) design in terms of various aspects (e.g. SS structure, SS sequence, transmission bandwidth and numerology) in last RAN1 meetings [1]-[2]. In this contribution, we discuss about SS transmission bandwidth and SS signal design for NR, and provide our view and proposals on the specific discussion of NR-SS. 
2. Discussion
2.1. NR-SS Transmission Bandwidth
The following working assumption was reached in RAN1#86bis meeting:
	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


To consider NR-SS transmission bandwidth, there are some discussion points related to NR-SS design as followings:
- NR-SS sequence design
- NR-SS numerology per frequency band

- NR-SS structure design

Considering all alternatives of NR-SS sequence length from last RAN1#87 meeting [2], the proposed sequence length of NR-SS can be same as that of LTE-SS or not. In addition, it could be also considered whether/what repetition type is applied for NR-SS transmission, particularly in frequency domain as in Table 1. In general, since decision of NR-SS sequence length, repetition and type will be directly associated with NR-SS requirements such as robustness, delay, complexity, resource overhead and etc., it shall provide more robust NR-SS design than LTE at least for beam sweeping and unlicensed carrier and thus longer SS sequence length could be considered that LTE. Moreover, unified framework for SS design in NR is strongly motivated regardless of frequency band, numerology and etc. Thus, it could be beneficial to use at least an identical NR-SS sequence length in a NR-SS transmission bandwidth across multiple numerology per a given frequency range for simplicity and performance.
Table 1: Example of NR-SS bandwidth
	Synchronization Signal
	15 kHz SCS (x1)

(1-frequency repetition)
	15 kHz SCS 

(2-frequency repetition)
	30 kHz SCS
(1-frequency repetition)
	30 kHz SCS
(2-frequency repetition)

	NR-PSS sequence length (63)
	0.945 MHz
	1.89 MHz
	1.89 MHz
	3.78 MHz

	NR-SSS sequence length (62)
	0.93 MHz
	1.86 MHz
	1.86 MHz
	3.72 MHz


If NR-SS sequence length is determined identical across all numerologies and frequency band, which subcarrier spacing is used for synchronization would surely affect NR-SS transmission bandwidth. If multiple subcarrier spacing is additionally supported in a given frequency range, the NR-SS transmission bandwidth could be determined by largest subcarrier spacing among the multiple subcarrier spacing as shown in Figure 1.
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Figure 1: NR-SS sequence mapping between 15 and 30 SCS
In Figure 1, it is assumed that same sequence length and fixed NR-SS bandwidth is applied in a given frequency range (e.g. round 2GHz) and thus possible SCS values are for example, either 15 or 30 SCS. In this case, time 2-repetitive NR-SS within a OFDM symbol duration of 15 SCS can be considered both 15 and 30 SCS for NR-SS. It would provide common structure of NR-SS and even NR-PBCH, and thus it would be very useful in terms of simple implementation and low complexity at UE side. 
For NR-SS structure design, one important aspect of NR-SS structure (e.g. SS block) is how to multiplex NR-SS and NR-PBCH. Now FDM/TDM between NR-SS and NR-PBCH within a SS block is discussing in terms of detection performance, delay, multi-beam operation and etc. Basically, the beam sweeping operation shall be supported for both single and multi-beam operation to alleviate path-loss, phase noise, frequency offset and etc. at least in high frequency band (e.g. over 6GHz). It shall be designed to provide efficient and reliable synchronization with reasonable complexity and simpler implementation. In addition, it is strongly motivated that the reliable detection and low density of channel occupancy for synchronization in unlicensed carriers should be supported due to LBT. In that sense, FDM between NR-SS and NR-PBCH is preferred than TDM particularly for lower latency of beam sweeping if reliable SS detection can be guaranteed, and thus sufficient transmission bandwidth of NR-SS and PBCH (if existed) needs to be supported. Moreover, if sufficient transmission bandwidth is provided for NR-SS/NR-PBCH, it can also provide additional network flexibility of NR-SS/NR-PBCH transmission by configuring repetition, periodicity, duration and etc. on top of default one, depending on network environment per TRP.
Proposal 1. NR-SS transmission bandwidth is determined according to at least 
- same NR-SS sequence length across multiple SCS in a given frequency range, 

- FDM/TDM for multiplexing of NR-SS,

- largest SCS value among multiple SCS values in a given frequency range and 

- sufficient transmission BW for flexibility of network configuration

Based on the discussion, the followings are our preference:
- Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz

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

2.2. NR-SS signal design 
For information related to timing and frame structure in LTE, it is determined by the detection of synchronization signals using relative position between PSS and SSS, and 2-M sequence mapping of SSS in subframe 0 and 5. That is, LTE UEs can obtain all of timing information (symbol/slot/frame boundary), symbol/slot/subframe index (except SFN) and CP type/duplex mode during initial cell access or camping on a cell. However, in NR, it is not clear yet on how a UE acquires the timing information because the multiple SS block/SS burst allocation for beam sweeping operation will result in some timing ambiguity problems. Thus, how to indicate the timing information to UEs needs to be clarified in NR based on following agreements.
	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

Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE

· FFS: single-beam case
· FFS: whether SS-block is transmitted by single-beam or multi-beams


As seen in Figure 2, a UE needs to identify the SS block index/beam resource index at least for beamforming operation. If a SS block/burst structure is predefined (e.g. one SS block consists of either 1, 2 or 4 OFDM symbols and one SS burst has 14 SS blocks for one subframe (1ms)), the OFDM symbol/slot index can be automatically derived when the SS block index is at least acquired by a UE. Furthermore, the beam resource index may be also linked to each of SS block as the beam resource (or pattern) can be different across SS blocks when multiple beam operation is performed. Thus, information of the SS block index is very helpful to derive the correct beam information/timing index, and to perform efficient UL beam forming transmission in later stage e.g. random access procedure. 
Alt 1. By using NR-extended SSS(NR-eSSS)

One way to send those information is to introduce new synchronization signal e.g. NR-eSSS as in [3]

 REF _Ref471748449 \n \h 
[4]. The NR-eSSS is necessary to efficiently deliver the SS block index and beam resource index by reusing legacy LTE synchronization design, so that it shall not significantly impact detection performance, complexity, resource overhead at a UE side. Either ZC sequence or M-sequence can be considered for NR-eSSS by reusing LTE PSS or SSS design as much as possible. Depending on how many the SS block and beam resource index are needed, the sequence type/length for NR-eSSS can be determined. So, it needs to be further compared with using NR-SSS (Alt 2). 
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Figure 2: SS block/burst/burst set in NR
Alt 2. By using NR-SSS
Another way is to rely on NR-SSS. It is strongly recommended NR-SSS detection performance is not degraded and is maintained with reasonable complexity, when SS block index/beam resource index are additionally signaled. Therefore, the number of candidates for detection of NR-SSS shall not be increased. In Figure 3, one implicit signal method is illustrated. There are two M-sequences with same length for SSS1 and SSS2 respectively. In a given SS block, SSS1 and SS2 sequence are mapped in above and below around NR-PSS within NR-SS transmission bandwidth. As seen below, there are two offset values 
[image: image3.wmf]l

s

,

1

D

 and 
[image: image4.wmf]l

s

,

2

D

 for SSS1 and SSS2 frequency position relative to NR-PSS, respectively. Combinations of two offset values can be used to indicate the SS block index and/or beam resource index. Furthermore, if the combination values are predefined within every SS burst, then the SS burst boundary would be derived at UE side. According to that, subframe/frame boundary could be also derived additionally if those are associated with a SS burst.
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Figure 3. Implicit signalling using NR-SSS for SS block/beam resource index
Proposal 2: At least the SS block index and/or beam resource index are indicated to UE by using either new synchronization signal (Alt 1) or NR-SSS (Alt 2).
3. Summary and conclusions

In this contribution, we provided our view on synchronization signal structure, i.e. how NR-SS transmission bandwidth is determined and how timing/beam information would be delivered in NR. Based on the discussion, the following proposals are drawn:
Proposal 1. NR-SS transmission bandwidth is determined according to at least 
- same NR-SS sequence length across multiple SCS in a given frequency range, 

- FDM for NR-SS block multiplexing,

- largest SCS value among multiple SCS values in a given frequency range and 

- sufficient transmission BW for flexibility of network configuration

Based on the discussion, the followings are our preference:

- Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz

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

Proposal 2: At least the SS block index and/or beam resource index are indicated to UE by using either new synchronization signal (Alt 1) or NR-SSS (Alt 2).
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