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[bookmark: _Ref129681832]In the RAN1 NR Ad Hoc meeting [1], several agreements were made in relation to the NR-SS transmission bandwidth, which are contained in Appendix. The bandwidth is determined from the sequence length and the subcarrier spacing (SCS), and is therefore tightly coupled to the synchronization signal performance and the detection complexity. In this contribution, we discuss the NR-SS transmission bandwidth in relation to the NR-SS SCS and sequence length.	
Synchronization Signal Bandwidth 
Aspects for determining the bandwidth
Several criteria exist for determining a proper PSS and SSS bandwidth.   
Synchronization signal performance
The time-resolution (e.g., the number of resolvable multi-paths) obtainable from detecting the SS is proportional to its bandwidth. The wider the NR carrier bandwidth, the better time-resolution of synchronization is needed and a large PSS bandwidth is beneficial in this sense. However, the PSS only need to provide coarse accuracy that is sufficient to guarantee reliable SSS detection, whereas other signals (i.e., reference signals) may provide further refinement of the time/frequency synchronization. The SSS, which is assumed to be detected in the frequency domain, could also benefit from a larger bandwidth but that is primarily beneficial for accommodating more information or to enable resources for transmit diversity schemes (e.g., SFBC-based). 
Generally, we performance would have to be evaluated for each respective scheme, since a larger bandwidth implies better averaging and diversity effects but may make signals suffer from worse SNR per subcarrier (assuming a fixed TX power), see some evaluations in [2]. 
Complexity of generating and detecting synchronization signals
The complexity of generating SS in NR primarily lies in cases where the SS is utilizing different SCS than the other channels in the carrier. To this end, we have suggested a time-repetitive PSS [2], which generates the same PSS regardless of SCS. This also renders the same detector could be used regardless of SCS. The SS sequence mapping assumes that the PSS bandwidth will be the same for the considered SCS values which allows using the same PSS sequence for any SCS.
The complexity of detecting the SS is well-understood by now and is primarily related to the number of processed complex-valued multiplications (this accounts for cost of chip and power consumption). A larger bandwidth will inevitably translate into larger detection complexity, where the exact increase depends on the particular detection algorithm. Generally, a doubling of the SS bandwidth increases the complexity by four times [2]. In LTE, one argument for confining the PSS to no more than 64 subcarriers, was to allow efficient receivers working with a sampling frequency of 0.92 MHz. This was seen sufficient although a 20 MHz carrier would require sampling at 30.72 MHz, i.e., the ratio between sampling rate of data channels and SS could be assumed to be at least around 30.
NR carrier frequency raster
If the SS frequency raster will be sparser than the NR carrier frequency raster, it is beneficial with a small SS bandwidth since that will not require a very large minimum supported NR carrier bandwidth. This is under the assumption that, for any NR carrier frequency, it should be possible to place the SS on any of the frequencies on the SS frequency raster. In [3], we exemplified that a minimum NR carrier bandwidth of 5 MHz could still be feasible under sparser SS frequency raster.  
RRM measurements 
Per agreements in RAN1NR AdHoc, it is under consideration to utilize the NR-PSS and/or NR-SSS for L3 mobility in IDLE mode for RRM measurements. The accuracy of such measurements would depend on the bandwidth and periodicity of the SS and consequently, the larger SS bandwidth the better measurement. However, it should be noted that in LTE, the default measurement bandwidth of the CRS is only 6 PRBs.
Synchronization signal design objective
The key point is that the SS provides reliable synchronization performance and allows for low-complexity transceivers. Any additional design objective, such as RRM measurements, is secondary. A UE which is capable of operating with large carrier bandwidths could be assumed to support larger SCS values, i.e., higher sampling frequencies. Hence, an SS bandwidth larger than that of SS in LTE (1.08 MHz) may be reasonable. However, the SS bandwidth is partly coupled to what other reference signals NR will provide which the UE could use for time/frequency synchronization. According to the agreements in RAN1 NR AdHoc Meeting, several candidate signals are considered for time/frequency tracking (e.g, CSI-RS, RS for mobility (if adopted, may be CSI-RS or other RSs), DM-RS for broadcast/unicast/control (if introduced), PT-RS, a dedicated RS (if required)).  
Subcarrier Spacing, Sequence Length and Bandwidth
A large SCS is more robust to frequency offsets but the smaller received energy (assuming fixed TX power at the gNB) due to the shorter OFDM symbol duration reduces detection performance and coverage. Our evaluations at 4 GHz in [2] for SCS 15, 30 and 60 kHz show that the lower signal energy is not compensated for and performance deteriorates with large SCS. The frequency offsets could be handled by hypothesis testing and partial correlation. LTE adopts an SCS of 15 kHz and is currently defined for licensed operation in frequency bands at 3.8 GHz (band 43) [4]. Hence the SS for NR should also at least be capable of functioning with 15 kHz SCS up to this band.
The evaluations in [2] further show that either a PSS ZC sequence with length 63 mapped to every other subcarrier or a ZC sequence of length 127, has a desirable tradeoff between detection complexity and performance. This would result in an SS bandwidth of 2.16 MHz.   
The evaluations in [2] at 30 GHz show similar behavior as for 4 GHz, i.e., an SCS of 120 kHz performs better than for an SCS of 240 kHz. Using the same sequence as for below 6 GHz, the SS bandwidth becomes 17.28 MHz. 
Thus it would be reasonable to assume a basic SS sequence length of 63 (or 127) and use 15 kHz SCS and 120 kHz SCS for below 6 GHz and above 6 GHz, respectively. 
Conclusion
For the bandwidth of the NR synchronization signals, we make the following proposals.
Proposal 1: For below 6 GHz, 15 kHz SCS, a basic sequence length of 63 and an SS bandwidth of 2.16 MHz should be supported for NR.
Proposal 2: For above 6 GHz, 120 kHz SCS, a basic sequence length of 63 and an SS bandwidth of 17.28 MHz should be supported for NR.
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Appendix
Agreements:
· For frequency range category #1 (below 6 GHz) where [15kHz, 30kHz, 60kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [5MHz, 10MHz, 20MHz]
· Candidate transmission bandwidth of each synchronization signal are about [1.08MHz, 2.16MHz, 4.32MHz, 8.64MHz]
· For frequency range category #2 (above 6 GHz) where [120kHz, 240kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [20MHz, 40MHz, 80MHz]
· Candidate transmission bandwidth of each synchronization signal are about [8.64MHz, 17.28MHz, 34.56MHz, 69.12MHz]

· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design
· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals
· Alt.1: sequence length is about 255
· Alt.2: sequence length is about 127
· Alt.3: sequence length is about 63
· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence
· FFS on message-based synchronization signal design

· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined
· Frequency range category #1 is evaluated for below 6 GHz
· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz
· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria
· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories
· Note that final set of frequency categories may include more than the above two categories
· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not
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