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Introduction
In RAN1#86b [1], the evaluation assumptions to study the initial access performance were agreed. In this contribution we present our synchronization multiplexing design as well as provide simulation results to study the sync performance. The following agreements were reached in RAN1#86b [2]:
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

In this contribution, we present our views on multiplexing initial access design. 
Comparison of TDM and FDM
Synchronization signals in mmWave band are expected to be transmitted in a beamformed manner to compensate for high free space path loss and additional penetration losses. Further, the sync signal is transmitted periodically in time domain. The exact value of period is a balance of sync latency and resource overhead. To cover a sufficiently large angular region, the sync signal is expected to be transmitted in different directions during a sync transmission burst. For example, the TRP beams may sweep N different directions within one sync transmission burst. The exact value of N is FFS. UE will search PSS/SSS to do frame synchronization, carrier frequency offset (CFO) estimation, as well as physical cell ID acquisition. 
As agreed in RAN1#86b, the SS transmissions in NR at least consist of:
· NR-PSS and NR-SSS: to provide timing and frequency synchronization and NR cell ID acquisition. 
· NR-PBCH: to provide the minimum system information required for cell acquisition/initial access. 
In a mmWave system the transmission of NR-PBCH must be directional similar to the NR-PSS/ NR-SSS signals, hence it would be beneficial to multiplex all three transmissions within a SS block. There are different options for multiplexing NR-PSS/ NR-SSS/ NR-PBCH: (a) TDM, (b) FDM, or (c) combination of TDM and FDM. Figure 1 demonstrates examples of TDM and FDM approaches.
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Figure 1 -- nominal sync symbol design (TDM vs FDM), signal 1/2/3/4 can represent either of the NR-PSS/ NR-SSS/ NR-PBCH
In the FDM approach, an SS block comprising these signals spans a wide bandwidth and occupies one OFDM symbol length in time domain. FDM design is more efficient in terms of overhead for beam sweeping than TDM design if a common subcarrier spacing is assumed for FDM and TDM. One approach to reduce the length of sync period in TDM design being discussed in RAN1 is to increase the subcarrier spacing. In the following, we show the specific details on the difference between TDM with increased subcarrier spacing and FDM:
· Time and frequency resources. The TDM design has a wider subcarrier spacing and a shorter symbol length, while the FDM approach has a narrower subcarrier spacing and a longer symbol length. Therefore, TDM and FDM approach consume comparable time and frequency resources. 
· Frequency offset estimation accuracy. With a larger subcarrier spacing, NR-PSS in the TDM design is not sensitive to frequency offset as shown in Fig. 2. Fig.2(a) shows the frequency domain signal with CFO under TDM and FDM approach. Fig.2 (b) shows the self-correlation in time domain as a function of frequency offset. Fig.2 (b) shows that with a larger subcarrier spacing, the time domain signal correlation under TDM design decreases slowly as the frequency offset increases. Therefore, without additional information from NR-PBCH/ NR-SSS, the accuracy of frequency offset estimation in TDM design is worse than that in FDM design. Note that as proposed by [3][4] in RAN 1#86b, a repeated NR-PBCH is transmitted by TRP to improve the performance of frequency offset estimation, this will introduce extra complexity in frequency offset estimation process and reduce the rate of NR-PBCH. If information from NR-PBCH is explored, the accuracy of frequency offset estimation in TDM design will be better than that in FDM design. However, the coarse CFO estimated from NR-PSS is already good enough for broadcast channels (NR-PBCH, NR-SSS) with low coding rate and QPSK. Fine CFO estimation for other channels can be achieved by CRS (or reduced CRS, or CSI-RS). Therefore, there may be no need for accurate CFO estimation in sync processing. Furthermore, in FDM design repeated NR-PBCH or NR-PBCH with lower coding rate can also be implemented to improve the NR-PBCH coverage. 
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Fig.2(a) frequency domain illustration of CFO.    Fig.2(b) time domain correlation as a function of CFO.   
· Timing estimation accuracy. It is generally known that the accuracy of timing estimation is proportionally increased if the bandwidth of synchronization signal is increased. In that sense, since NR-PSS of FDM design has smaller bandwidth compared to TDM, timing estimation accuracy of FDM design is worse than that in TDM design. However, in NR above 6GHz, with at least 40MHz or 80MHz minimum bandwidth for sync, the bandwidth of NR-PSS signal can be made large enough to combat time estimation inaccuracy even for the FDM case, e.g., via increasing the subcarrier spacing as shown in Fig. 3. 
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Fig.3 (a) FDM design normal time domain signal length.  Fig.3(b) Enhanced FDM design with shorter time domain signal.

· Sensitivity to frequency offset/phase noise. If frequency offset estimated from NR-PSS is mainly used for detecting a cell ID from NR-SSS and decoding NR-PBCH, the decoding/detection performance in both TDM and FDM design is comparable. This is because NR-PBCH/ NR-SSS in TDM design is robust to frequency offset due to the large subcarrier spacing while in FDM design finer frequency offset estimation can be obtained and be used to correct the frequency offset in NR-SSS/ NR-PBCH. 
· Sensitivity to delay spread. In the TDM approach, the CP length of each OFDM symbol will be smaller compared to that in FDM approach. The small CP size of the TDM approach may not affect the detection of NR-PSS. However, small CP size will aggravate the detection of NR-SSS and NR-PBCH. 
· PAPR of NR-PSS. Both TDM and FDM approach will have comparable PAPR performance. This is because sync signals, in both TDM and FDM case, need to be FDMed with other signals for efficient frequency resource usage as in legacy LTE system. In addition, UL coverage is expected to be more difficult to achieve owing to small UE Tx power; hence DL PAPR does not seem to be an important issue. 
In summary, due to the difference in subcarrier spacing/symbol length, the TDM with increased subcarrier spacing and FDM approach have both advantages and disadvantages. 
Overall, the performance of TDM approach and FDM approach are comparable in most of the above listed metrics. However, in NR above 6GHz, with at least 40MHz or 80MHz minimum bandwidth for sync, the subcarrier spacing of sync signal in FDM approach will be large enough to compensate its disadvantages. Furthermore, decoding/detection of NR-SSS/ NR-PBCH in FDM design is more robust to delay spread compared to that in TDM design. Finally, TDM with increased subcarrier spacing will introduce new numerology and the corresponding complexity in both TRP and UE side. Based on the above reasons, we propose to adopt the following approach:  
Proposal 1: NR supports FDM to multiplex NR-PSS, NR-SSS and NR-PBCH in high frequency band (e.g., > 6GHz). 
Performance evaluation 
Table 1 shows the main aspects of our design that is used to generate the simulation results. Other parameters follow the configuration in [1]. 
[bookmark: _Ref463014203]Table 1 -- Summary of sync design
	Parameter
	Value

	Sync periodicity
	5 msec

	Sync tx burst duration
	250 usec

	(ASA, ASD)
	(30,5)

	# nominal sync symbols in a burst
	14

	Sync tx bandwidth 
	34.56 MHz

	Sampling rate
	61.44MHz

	Subcarrier spacing 
	TDM: 240KHz, FDM: 60KHz

	BS beam sweep pattern
	Azimuth: sweeping 14 directions
Elevation: directed towards 110 degree
Periodicity: 5 msec

	UE beam pattern
	Reception using a pseudo-omni beam 

	Sync symbol multiplexing method
	TDM and FDM

	NR-PSS waveform
	127-length ZC with 3 roots (25,29,34)

	NR-SSS waveform
	Based on 2 X 62-length LTE rel-8 SSS with 2-layer precoding


  

In the following, we compare the performance of FDM design and TDM design in terms of CFO estimation. CFO is estimated using only PSS.  
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Fig. 4(a) frequency error at -18dB SNR               Fig. 4(b) frequency error at -6dB SNR 
The result in Fig. 4(a) confirms that the accuracy of CFO estimation under FDM design is better than that in TDM. However, the estimation dynamic range of TDM design is larger than FDM design. When the SNR is high, the CFO estimation in FDM design is always better than that in TDM design. 
Observation 1: FDM of the sync signals (NR-PSS/NR-SSS/NR-PBCH) with smaller subcarrier spacing provides better CFO estimation than TDM of the sync signals with larger subcarrier spacing.  
Conclusions
This contribution discusses the multiplexing schemes for NR-PSS/ NR-SSS/ NR-PBCH. In particular, the following is proposed:
Observation 1: FDM of the sync signals (NR-PSS/NR-SSS/NR-PBCH) with smaller subcarrier spacing provides better CFO estimation than TDM of the sync signals with larger subcarrier spacing.  
Proposal 1: NR supports FDM to multiplex NR-PSS, NR-SSS and NR-PBCH in high frequency band (e.g., > 6GHz).
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