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1
Introduction 
NR sync raster definition has been agreed in last RAN4 meeting [1] and developed into the first revision of UE RF technical specifications [2-3]. For frequency range below 2.4 GHz, in order to support both sub-carrier based channel raster and 100kHz channel raster for LTE re-farmed bands, the sync raster entry has been formulated as (N*900kHz + M*5kHz) in absolute frequency where M = (-1,1) was introduced as the entry sets besides N*900kHz to account for the sub-carrier frequency offset between 15kHz and 100kHz channel rasters. Though 5kHz offset can mathematically satisfy the sub-carrier alignment for SS block and 100kHz channel raster, the close proximity of the three sync entries may cause the ambiguity as whether the measured frequency offset was a result of UE reference clock inaccuracy, Doppler shift, or real sync entry frequency offset if M value would not be signalled by the network. To avoid the measured frequency offset uncertainty or potential signalling overhead, in this contribution, we propose to reconsider the NR sync raster definition for 100kHz channel raster by using a wider frequency offset rather than 5 kHz.         
2
Discussion
NR sync raster definition has been rigorously discussed in past several meetings and was finally concluded in last RAN4 meeting [1]. The sync entry was formulated based on the principle that the raster spacing shall be maximized to curtail the initial access time which is realized by the floating sync concept. For frequency range below 2.4 GHz, the sync entry was defined as (N*900kHz + M*5kHz) in absolute frequency where M = (-1,1) was introduced as the entry sets besides N*900kHz to account for the sub-carrier frequency offset between 15kHz and 100kHz channel rasters. Figure 2-1 illustrates such sync entries surrounding a minimum channel bandwidth (CBW).
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Figure 2-1 Illustration of sync entries surrounding a minimum CBW for frequency range < 2.4 GHz 
For the channel raster position as shown above, the valid sync entry can be either n*900kHz or (n+1)*900kHz where the n*900kHz SS block is left-edge aligned with the fully occupied transmission bandwidth (the green area) and (n+1)*900kHz SS block is right-edge aligned. If the channel raster is shifted to the right by 100 kHz, the only valid sync entry would be (n+1)*900kHz – 5 kHz as it is the only SS block fully located within the transmission bandwidth yet with frequency offset relative to channel raster being a multiple of 15 kHz, as shown in Figure 2-2.
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Figure 2-2 The only valid sync entry for channel raster with 100kHz shift relative to Figure 2-1 
Notice that although the 5kHz offset can mathematically satisfy the sub-carrier alignment for SS block and 100kHz channel raster, the close proximity of the three sync entries may cause the ambiguity as whether the measured frequency offset was a result of UE reference clock inaccuracy, Doppler shift, or real sync entry frequency offset if M value would not be signalled by the network. On the other hand, 5kHz is not the only frequency offset value which would achieve the sub-carrier alignment between SS block and 100kHz channel raster. Mathematically, any multiple of 15 kHz plus or minus 5 kHz would fulfil the requirement. Table 2-1 summarizes a set of offset values below 300 kHz which can be considered to define the sync entry.

	5
	110
	215

	10
	115
	220

	20
	125
	230

	25
	130
	235

	35
	140
	245

	40
	145
	250

	50
	155
	260

	55
	160
	265

	65
	170
	275

	70
	175
	280

	80
	185
	295

	85
	190
	 

	95
	200
	 

	100
	205
	 


Table 2-1 Feasible frequency offset values in kHz for sync entry consideration
Since 5kHz offset relative to 2.4 GHz is just around 2 ppm which is much smaller than an off-the-shelf crystal tolerance and may not be differentiated from other potential frequency offset sources, one solution could be to introduce additional signalling in either MIB or RMSI. For example, adding 2 additional bits in MIB to allow UE to know the exact value of M, or the exact ARFCN in RMSI. However, this MIB or RMSI solution will lead to longer initial cell search time because extra decoding effort is needed. To avoid the measured frequency offset uncertainty or potential signalling overhead, we propose to reconsider the NR sync raster definition for 100kHz channel raster by using a wider frequency offset rather than 5 kHz.

Knowing that a typical uncalibrated crystal frequency offset may be up to +/- 20 ppm, we may consider offset value above 50 kHz for sync entry definition. One logical choice is 100 kHz which is also the sync raster in LTE. On the other hand, if the offset value is bound to a range where all three sync blocks around N*900kHz can be successfully detected without the frequency offset ambiguity, the sync entry number would effectively be reduced to one third, yet without the need for additional signalling.
Based on the above assessment, we encourage RAN4 to consider the following proposal,

Proposal: RAN4 to reconsider the NR sync raster definition for 100kHz channel raster by using a wider frequency offset rather than 5 kHz. 

3
Conclusion
In this contribution, we bring up the concern of current NR sync raster definition for frequency range below 2.4 GHz and propose RAN4 to reconsider the definition by using a wider frequency offset rather than 5 kHz around the N*900kHz entry points.      
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