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RAN1 made several agreements regarding the synchronization signal design and informed RAN4 [1]. These agreements have certain implications on synchronization frequency raster and initial system acquisition performance. In these paper we discuss some of these implications and propose to send an LS to RAN1. 
2. 	Discussion
RAN1 agreed in RAN1#88 Bis the basic structure of the synchronization block comprising of PSS, SSS and PBCH. Their respective sizes and periodicity are:
· PSS/SSS is about 11 RBs
· PBCH is 24RBs
· 20ms periodicity
In previous papers it was explained that for NR it is critical that the synchronization frequency raster is as sparse as possible to improve the initial system acquisition performance [2]. Compared to LTE, it is unlikely that energy detection can be reliably used for system acquisition and the number of channel raster candidates will be considerably higher (more bands and much wider bandwidth). Furthermore, the NR SS burst set periodicity is 4 times higher compared to LTE. All these aspects will lead to a significant drop in initial system acquisition performance, hence, it is very important to minimize the synchronization frequency raster.
The principle of down selecting the synchronization frequency raster based on the channel raster and the synchronization signal size is explained in [3] and reproduced here for convenience. The synchronization raster step size is: 
 (X+1-Y) RBs (Eq. 1)
where X is the minimum channel bandwidth defined for the band and Y is the synchronization block size. It can be seen from this equation that the synchronization raster becomes sparses (better system acquisition performance) as Y becomes smaller or as X increases.
Observation 1:Narrower SS burst size in frequency domain results in sparser synchronization frequency raster and better initial system acquisition performance.
Observation 2: Wider minimum channel bandwidth results in sparser synchronization frequency raster and better initial system acquisition performance. 
RAN1 agreed in RAN4#82Bis that the minimum channel bandwidth for sub6 bands is 5MHz and 50MHz for bands above 24GHz. These numbers were based on requests from multiple operators so it is expected that many bands will have this minimum bandwidth. 
Below we consider a few examples to try to assess the system acquisition performance for different bands. Based on a 15kHz numerology, a 5MHz channel bandwidth is expected to be around 26 RBs. Considering Eq. 1 above, the sync raster step size would be 3RBs. 
Based on the channel raster proposed in [3], the newly proposed NR C band(3.3GHz-4.2GHz) has about 5000RBs leading to a the synchronization raster having about 1670 entries. If the UE tries to do system acquisition over 80ms (4 SS burst instances to account for low SNR, fading), the time needed to do just a “scan” of this band would be over 2 minutes of constant search. If the SS burst set size would be reduced to 12RBs by reducing the size of PBCH in frequency domain, the synchronization raster would have about 340 entries that would mean a about a 5 times faster initial system acquisition(and 5 times lower power consumption when the UE is out of network coverage). 
A similar calculation can be done for the mmWave band of 24.25GHz-29.5(whether this is a single band or multiple bands should not matter for this exercise). This total bandwidth would be covered by about 3645 RBs while the minimum channel bandwidth would be about 32 RBs( based on 120kHz SCS)  The synchronization raster would have a step size of 9 RBs and a total number of 405 entries. If the SS burst set size would be reduced to 12RBs, the number would be reduced to about 174 leading to about a 2.3 times decrease in initial system acquisition performance (and corresponding reduction in power consumption).
As can be seen in the above examples, significantly better performance can be obtained with a narrower PBCH allocation in the frequency domain.
Another aspect to consider is that based on the RAN1 agreements [1] and the RAN4 agreements on minimum channel bandwidth, the only numerologies that can be used for the SS burst are 15kHz and 120kHz for the bands which will have 5MHz and 50MHz minimum channel bandwidths. Based on the operator input in RAN4#82Bis, it is expected that most bands will have to support these bandwidths. This is a significant limitation that will affect deployment flexibility and performance. Performance limitation from 15kHz for sub-6GHz and 120kHz for above-6GHz comes from many different aspects, including, but not limited to:
1. Potential increase in PSS detection complexity and performance impact under initial frequency offset. If we assume 5ppm initial frequency offset, for sub-6GHz, it leads to up to 30kHz CFO which is 2X of SCS if SCS is 15kHz. Similarly, for above-6GHz, the initial CFO can be up to ~300kHz which is more than 2x of SCS if SCS is 120kHz. A nature solution is to use 30kHz and 240kHz at the higher band in below-6GHz and above-6GHz frequency ranges, to combat the large CFO. Otherwise, UE PSS detection performance and complexity will be negatively impacted.
2. Increase in time foot-print of SS block, hence increase the overhead. This is especially important for mmW which primarily relies on analog beamforming. Current RAN1 agreement is 4 symbols (1 PSS, 1 SSS, 2 PBCH) in each SS block and maximum of [64] SS blocks in a SS burst set. With 120kHz SCS, the system needs 2.3ms to finish sweeping 64 beams, which translates into over 10% of overhead with 20ms SS burst set periodicity. If 240kHz SCS can be used, the time foot-print of SS block can be halved and the overhead can be reduced to ~5% which is very important.
3. 15 kHz SCS for sub-6GHz may also imply that initial TDD NR deployment in the new band will use 15kHz SCS for data and control as well, based on the operator and infra-vendor choice. Without 30kHz SCS, NR loses one of its major benefit from LTE in terms of low latency, fast link adaptation, etc.
For higher bands in the sub6 region (3-6GHz), a 5MHz minimum channel bandwidth will limit the SS block to 15kHz SCS and could lead to a suboptimal design even for channel with larger bandwidths(10MHz or above). This option will increase the SS overhead and could result in 15kHz being used in these bands as default SCS even though higher SCS would offer better performance from a latency and spectrum efficiency perspective. For optimal performance it would be highly desirable to have a minimum channel bandwidth larger than 5MHz in these higher bands.
Observation 3: For optimal performance it would be desirable to have 10MHz or higher minimum channel bandwidth in higher sub6 bands(bands above 3GHz).
Considering the significant impact that the current SS burst design has on initial system acquisition performance and deployment flexibility, we believe that it would be beneficial to ask RAN1 if it is possible to reconsider the SS burst design and reduce the PBCH frequency domain allocation.
Proposal: Send LS to RAN1 to ask RAN1 to re-consider the SS burst design and reduce the PBCH frequency domain allocation. 
3. 	Conclusion
In this paper we analyzed the impact of the SS burst design on RAN4 design and performance. Based on our analysis, the current design has a significant impact on initial system acquisition delay and power consumption when the UE is in out of coverage. The following observation were made:
Observation 1: Narrower SS burst size in frequency domain results in sparser synchronization frequency raster and better initial system acquisition performance.
Observation 2: Wider minimum channel bandwidth results in sparser synchronization frequency raster and better initial system acquisition performance. 
The current agreements would also limit the options of SCS for higher sub6 bands in which use of 30kHz or higher SCS would be beneficial.
Observation 3: For optimal performance it would be desirable to have 10MHz or higher minimum channel bandwidth in higher sub6 bands(bands above 3GHz).
Use of the lowest possible SCS for SS burst in the bands that will support the minimum channel bandwidths affecting deployment flexibility and system performance. Hence, we propose the following:
Proposal: Send LS to RAN1 to ask RAN1 to re-consider the SS burst design and reduce the PBCH frequency domain allocation
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