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[bookmark: _GoBack]Introduction
RAN1#87 made the following agreements on synchronization signal design:
· Companies are encouraged to propose and evaluate following design parameters of NR-PSS/SSS until next meeting
· SS burst set periodicity
· Subcarrier spacing
· Sequence length
· Sequence type
· Number of IDs provided by NR-PSS/SSS
· Resource mapping/multiplexing
· Following target requirements should be taken into account in NR-PSS/SSS design
· Robustness against initial frequency offset up to 5 ppm
· 10 ppm as optional requirement
· Reasonable complexity for NR-PSS/SSS detection
· Good one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate
· Companies report detection probability, the residual timing error and frequency error 
· Good detection performance in multi-cell scenario
· Note: for mMTC, different target requirements may be considered
· Following aspects can be considered (not an exhaustive list)
· Low system overhead due to NR-PSS/SSS transmission
· Low PAPR of waveform for possible power boosting transmission
· Multiplexing with other signal/channel for efficient operation
· Utility of NR-PSS/SSS as reference signal for other channels, e.g., PBCH


In this contribution, we discuss and propose some physical parameters assumptions on the NR-PSS/SSS design to satisfy the agreement, including the numerology selection, bandwidth consideration and the multiplexing issues.
Numerology
[bookmark: _Ref465847748]More numerologies defined for the initial synchronization would result in more deployment complexity for the gNB and less numerologies would limit deployment flexibility. It is better to select some typical numerologies for the NR-PSS/SSS in the initial synchronization procedure.
When evaluating the synchronization performance, especially the initial frequency offset estimation, the normalized offset over the OFDM subcarrier spacing,  , where  is the frequency offset and  is the subcarrier spacing, is always selected as the reference. Then, of course, the subcarrier spacing selection need to consider the typical carrier frequency and possible maximum frequency offset. 
From the subcarrier spacing aspect, we suggest to consider 15kHz, 30kHz and 120kHz as the basic subcarrier spacing. Among these SCSes, we think 30kHz SCS would be a typical deployment below 6GHz carrier frequency in NR, and 120kHz SCS can be deployed for the higher carrier frequencies. If any compatibility with LTE is needed, the selection on the 15kHz SCS could be also considered. From the sequence design aspect, it is expected to have a unified design on the synchronization sequence to handle the possible larger normalized offset with the scaled numerologies on different carrier frequencies. 
Standardize 30kHz for synchronization signal subcarrier spacing in frequency bands below 6GHz, and 120kHz subcarrier spacing for higher frequency bands. For compatibility with LTE, also considered 15kHz subcarrier spacing.
On the other hand, the cyclic prefix (CP) should be considered in the numerology selection. Though the larger CP length benefits the data receiving performance over the channel with large delay spread, such as single-frequency network (SFN) type transmission, the coherent sequence detection to obtain the time and frequency synchronization has not much obvious benefit from the longer CP length. Thus, considering the multiplexing with the data channel in the same scheduled subframe, the CP length can be the same as the data transmission in the same subframe or OFDM symbol. Based on this, we make the following proposal on the CP length selection:
No specific CP length definition is needed for the NR-PSS/SSS transmission
Bandwidth
To save energy and avoid un-necessary interference in NR, periodic and static reference signals should be inserted as less as possible, which requires the periodicity of the NR-PSS/SSS for the initial random access to be much larger than PSS/SSS in LTE[1]. Thus, it is much important for NR to guarantee the detection performance good enough with one-shot detection. In 3GPP RAN1 #86bis meeting, it was agreed that the transmission bandwidth for NR-PSS/SSS and/or PBCH would be wider than that for LTE-PSS/SSS/PBCH, and it is not more than [5 or 20] MHz below 6 GHz, and not more than [40 or 80] MHz below 40 GHz. Then, with the larger periodicity, the miss detection rate performance on the sequence and the estimated time and frequency accuracy would be degraded with the one-shot detection. Thus, we have the following proposal for the resource reserved for NR-PSS/SSS:
The bandwidth and time duration reserved for NR-PSS/SSS need to consider the requirements on the target detection rate and periodicity.
Assuming the bandwidth and the time duration reserved for NR-PSS are  (in Hz) and  (in second), respectively. Then, if  is constant for various configurations or numerologies, the one-shot detection performance on a given average signal-to-noise ratio (SNR) of each resource element would be expected to be similar with a good sequence design. For the scaled numerologies, it is expected to have the similar performance with either scaled  or  within the same effective propagation environment.
A physical bandwidth of 2.16MHz and one OFDM symbol duration for the 15kHz SCS numerology as the basic reference physical resource grid is illustrated here, and extension (or scaled) in the frequency or time domain for 30kHz and other SCSes can be considered to satisfy the similar performance and unified design considerations as illustrated in Figure 1.
[image: ]
[bookmark: _Ref471479348]Figure 1 Physical resource illustration for NR-PSS with 15kHz SCS and scaled for 30kHz SCS 
The numerologies of the NR-PSS/SSS are also illustrated in Table 1 for 15kHz, 30kHz and 128kHz SCSes as the reference. The number of used subcarriers could be adjusted within the given band, according to e.g., the filter requirements in the UE. However, the extract numbers selection on the bandwidth and OFDM symbols are much related with the required performance, e.g., miss detection rate on a target SNR, which could be adjusted according to the requirements in future.
Table 1 Illustration of the candidate numerologies of NR-PSS/SSS
	
	Set I
	Set II
	Set III

	Subcarrier spacing
	15kHz
	30kHz
	120kHz

	CP length
	Same as used for data

	Bandwidth / subcarriers
	2.16MHz / 144
	4.32MHz / 144
	2.16MHz / 72
	34.56MHz / 144

	# of OFDM symbol(s)
	1
	1
	2
	1

	# of used subcarriers
	128
	128
	64
	128


Multiplexing
The NR-PSS/SSS and NR-PBCH[2] need to be multiplexed in one instance, and they can be multiplexed in the frequency domain (FDM) or time domain (TDM). As in LTE, multiplexing the NR-PSS and NR-SSS in the time domain can refine the frequency offset estimate based on the phase rotation between the two OFDM symbols. Thus, it is quite straightforward to use TDM for NR-PSS and NR-SSS. Furthermore, NR-PBCH is used to deliver part of minimum system information together with the NR-PSS/SSS, and supposed to be in the same reserved system band too. Therefore, we make the following proposal:
NR-PSS, NR-SSS and NR-PBCH are multiplexed in the time domain
The relative positions of NR-PSS/SSS and NR-PBCH in the block need to consider their functionality. In general, coarse frequency synchronization and the OFDM symbol synchronization can be obtained from the successful detection of the NR-PSS. Based on the synchronization results, the detection of the NR-SSS can be done in the frequency domain. In addition to the acquisition of the relevant ID information from the detected SS sequence identity, the frequency offset can be refined based on the phase rotation between the NR-PSS and NR-SSS symbols. Therefore, a design for the multiplexing of NR-PSS, NR-SSS and NR-PBCH that takes these considerations into account is illustrated in Figure 2, where NR-PSS and NR-SSS are illustrated to have one OFDM symbol, respectively, and NR-PBCH has two OFDM symbols in the instance. The NR-SSS is supposed to be in the middle of the NR-PBCH region to have a better channel estimation for NR-PBCH demodulation as explained below. Furthermore, an increased spacing between NR-PSS and NR-SSS could potentially also improve frequency estimation performance.
[image: ]
[bookmark: _Ref471487421]Figure 2 Illustration of the time-division multiplexed NR-PSS, NR-SSS and NR-PBCH 
Note that NR-PBCH is supposed to be demodulated and decoded within the transmission instance. One option is to introduce additional demodulation reference signals for NR-PBCH for channel estimation, which, however, needs further work on the reference signal pattern design and also more overhead within the limited physical resource. The other option is to re-use the NR-PSS and NR-SSS in this instance to do channel estimation in addition to using them for synchronization. In this case, it is necessary to assume the same transmission ports are used by NR-PBCH and the synchronization signals. 
NR-PBCH could be demodulated and decoded based on the frequency synchronization and channel estimation derived from NR-SSS on the same ports
Conclusion
Based on the discussion in above sections, we propose the following:
Proposal 1	Standardize 30kHz for synchronization signal subcarrier spacing in frequency bands below 6GHz, and 120kHz subcarrier spacing for higher frequency bands. For compatibility with LTE, also consider 15kHz subcarrier spacing.
Proposal 2	No specific CP length definition is needed for the NR-PSS/SSS transmission
Proposal 3	The bandwidth and time duration reserved for NR-PSS/SSS need to consider the requirements on the target detection rate and periodicity
Proposal 4	NR-PSS, NR-SSS and NR-PBCH are multiplexed in the time domain
Proposal 5	NR-PBCH could be demodulated and decoded based on the frequency synchronization and channel estimation derived from NR-SSS on the same ports
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