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Introduction
For channel raster, it was agreed in SI phase as below:
PROPOSAL 3: The possibility of having a synchronization channel raster that is more sparse than the channel raster should be studied further, considering existing RAN1 and RAN4 agreements. The following aspects are of particular interest:
· Relations between synch channel raster, RF channel raster and subcarrier spacing.
· Possible restrictions on channel bandwidth and other RF parameters.
· Difference in choice of raster parameters between operating bands in different frequency ranges and of different size, and for legacy bands vs. new bands.
· Impact on possible carrier aggregation for NR.
· Identify any RAN1 aspects that should be further investigated or confirmed (for LS exchange).
Furthermore, in Spokane meeting RAN1 shared agreement in R4-1706717 as below
Agreements:
· Working assumption: Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial: octal 145
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110
· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time
· Number of SSS signals: 1000 post-scrambling
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers
· SSS sequence length: 127
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling
· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
In this contribution we share our understanding on channel raster and sync raster based on above agreements.
Discussion
According to RAN1 agreement we can have following calculation on PSS/SSS/PBCH bandwidth
Table 1: PSS/SSS/PBCH bandwidth according to RAN1 agreement
	Sub-carrier spacing
	PSS/SSS minimum bandwidth(12PRB)1
	PBCH bandwidth(24PRB)

	15KHz for below 6GHz
	2.16MHz
	4.32MHz

	30KHz for below 6GHz
	4.32MHz
	8.64MHz2

	60KHz
	NA3
	NA3

	120KHz for above 6GHz
	17.28MHz
	34.56MHz

	240KHz for above 6GHz
	34.56MHz
	69.12MHz4

	[bookmark: _GoBack]Note 1: It can occupy 24 PRBs with comb type SSS. This alternative is still open in RAN1.
Note 2: For channel bandwidth smaller than 10MHz it could not be applied. 
Note 3: according to RAN1 agreement in SI phase the sub-carrier spacing of PBCH is aligned with PSS/SSS.
Note 4: For channel bandwidth smaller than 69MHz it could not be applied.


According to RAN4 agreement on channel bandwidth, it is summarized as table below:
Table 2: Channel bandwidth agreement in RAN4
	For Rel-15
	Below 6GHz
	Above 6GHz

	Minimum CHBW
	5MHz
	50MHz

	Maximum CHBW
	100MHz
	400MHz



Hence we could have following two observations: 
Observation 1: for below 6GHz UE, of which only have <8MHz RF bandwidth capability the 30 KHz sub-carrier spacing may be problematic one for PBCH reception. 
Observation 2: for above 6GHz UE, of which only support <69MHz RF bandwidth capability the 240 KHz sub-carrier spacing may be problematic one for PBCH reception.
In following part we will discuss further on channel raster and sync raster.
Sync raster
In LTE, since the synchronization signal frequency is always allocated in RF centre frequency, the sync raster is equal to RF channel raster. However, in NR phase since the synchronization is not fixed in RF centre frequency by default. Hence it may be needed to distinguish the channel raster for RF centre frequency and sync raster for synchronization signal in NR phase. Furthermore, regarding the sync raster, which is agreed in RAN1 to be sparser than possible frequency location of the center of NR carrier bandwidth, the motivation is to reduce the frequency hypothesis UE needs to search in initial access compared to LTE. Hence from RAN4 perspective it is RAN1 responsibility to decide the rationale on proper synchronization signal location. With such agreement in RAN1, RAN4 can further discuss on how to define sync raster and relationship among sync raster, channel raster, synchronization and RF centre frequency accordingly.
For example, RAN1 is now discussing on how to decouple the frequency location of synchronization signal and the center of a NR carrier. If the frequency location of synchronization signals is not fixed at the centre of the carrier, the UE may not be able to know where the start and end frequency of the carrier are. In addition, if it is concluded that the impact of DC interference cannot be ignorable in demodulation of downlink channels, the UE needs to puncture QAM symbols transmitted in a DC subcarrier. In this case, the UE needs to know a location of the centre frequency. Therefore, additional information such as relative frequency location of synchronization signals from the centre frequency should be indicated to the NR UE so that the UE can derive absolute start and end frequency of the carrier. There are two possible approaches to indicate frequency offset between synchronization signals and the centre of an NR carrier as follow
· Approach#1: Minimum system information in PBCH indicates the relative frequency offset 
· Approach#2: RMSI (remaining minimum system information) indicates the relative frequency offset 
Each of above two approaches has pros and cons, and is highly related to design aspects of the transmission of minimum system information. Therefore, it should be carefully studied how to indicate the frequency offset between synchronization signals and the center of an NR carrier. Further input from RAN1 is required on whether and how to indicate the frequency offset.
Furthermore, details on below aspects should be determined in RAN1
· Whether DC carrier could be utilized for synchronization signal transmission
· Whether the frequency location of synchronization signals can be changed dynamically(even though it’s not expected due to synchronization performance and UE complexity)
According above discussion, we can have following observations:
Observation 3: For NR the criterion on how to decide synchronization signal location still depends on RAN1 study.
Observation 4: For NR RAN4 study on synchronization raster relies on further input from RAN1. 
RF Channel raster for sub-6GHz
For below 6GHz considering the spectrum re-farming of LTE band and backward Compatibility, it is straightforward to reuse the RF channel raster of 100 KHz for NR. The only question would be whether the synchronization raster should be sparse than LTE or not, which would be dependent on RAN1 study as shown above.
One possible solution is that the Sync raster for below 6GHz uses 100 KHz as well. However, in network the sync signal location could be considered to be restricted to certain area where could guarantee the offset between the sync signal frequency to nearest channel raster frequency would be within 7.5kHz just as NB-IoT case, which is dependent on RAN1 design. 
Observation 5: for below 6GHz 100 KHz raster could be reused for RF centre frequency.
Channel raster for MMW range
For above 6GHz as mentioned in previous study, the channel raster should be decided with trade-off between UE implementation complexity and network deployment flexibility. There is no re-farming issue for MMW range as no legacy LTE band. And with larger sub-carrier spacing, the channel raster could be larger than 100 KHz for LTE. Here the channel raster are proposed to be integer multiple of sub-carrier spacing, which would facilitate the rate matching for overlapping resource with PDSCH and further introduction of channel spacing on intra-band contiguous CA. Based on this assumption, there are some candidates to be selected as channel raster in below table with scaling on SCS, Channel bandwidth, or contiguous spectrum.
Table 3: Channel raster candidate
	
	Subcarrier spacing(minimum one for data)
	Minimum channel bandwidth
	Contiguous spectrum for certain band

	Below 6GHz
	15KHz
	5MHz
	200MHz

	MMW range
	60KHz
	50MHz
	3000MHz

	Potential channel raster candidate
	480KHz(100*4)
	960KHz(100*5)
	1.68MHz(100*15)


Observation 6: for MMW range the channel raster could be scaled according many methods which could be larger than 100 kHz compared with LTE and need to be discussed and determined in RAN4.
Conclusion
In this contribution we share our understanding on channel raster and sync raster with below observations:
Observation 1: for below 6GHz UE, of which only have <8MHz RF bandwidth capability the 30 KHz sub-carrier spacing may be problematic one for PBCH reception. 
Observation 2: for below 6GHz UE, of which only support <69MHz RF bandwidth capability the 240 KHz sub-carrier spacing may be problematic one for PBCH reception.
Observation 3: For NR the criterion on how to decide synchronization signal location still depends on RAN1 study.
Observation 4: For NR RAN4 study on synchronization raster relies on further input from RAN1. 
Observation 5: for below 6GHz 100 KHz raster could be reused for RF centre frequency.
Observation 6: for MMW range the channel raster could be scaled according many methods which could be sparse than 100 kHz compared with LTE and need to be discussed and determined in RAN4.
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