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Introduction
In RAN1 #92 meeting the following has been agreed. 
Agreements:
· Signal an offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB
· The reference GSCN is the GSCN that SSB is transmitted (or the middle in the cluster for sub 2.7 GHz)
Agreements:
· Use reserved codeword(s) to indicate that there is no cell-defining SS/PBCH around the reference GSCN () in the range [Gr - Glow, Gr + Ghigh]
· [bookmark: _Hlk507603557]Signal Glow by multiplication of the step size, X, and 4 MSBs of RMSI-PDCCH-Config corresponding to parameter ssb-subcarrierOffset set to 15 and  1 (for FR1)
· Signal Ghigh by multiplication of the step size, X, and 4 LSBs of RMSI-PDCCH-Config corresponding to parameter ssb-subcarrierOffset set to 15 and  1 (for FR1)
· FFS: The step size X is either in sync raster step or frequency and may be different for FR1 and FR2

The working assumption in RAN1#92 was 
Working assumption:
· Use the following tables to signal an offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB

Offset table for FR1
	
	SSB-subcarrier-offset
	RMSI-PDCCH-Config
	Offset

	1
	8
	0, 1, …, 255
	1, 2, …, 256

	1
	9
	0, 1, …, 255
	257, 258, …, 512

	1
	10
	0, 1, …, 255
	513, 514, …., 768

	1
	11
	0, 1, …, 255
	-1, -2, …, -256

	1
	12
	0, 1, …, 255
	-257, -258, …, -512

	1
	13
	0, 1, …, 255
	-513, -514, …., -768



Offset table for FR2
	SSB-subcarrier-offset
	RMSI-PDCCH-Config
	Offset

	12
	0, 1, …, 255
	1, 2, …, 256

	13
	0, 1, …, 255
	-1, -2, …, -256



Working assumption: 
· Value of X = 1 and is in sync raster step

In RAN1 NR-AH #1801 meeting, the following has been agreed for NR-PBCH [1]:
Agreements (on email between #91 and RAN1-AH4):
· For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.
Conclusion:
Further offline discussion on the complete tables regarding the grid offset for FR1 and FR2
· No change of the 4-bit as per RRC by using some existing reserved/spare bit
· After the table is completed, consider sending (to be checked offline) an LS to RAN2 to inform the number of spare bits for FR1/FR2  No LS is necessary, to be reflected in RRC parameter update

In RAN1#91 following was agreed 
Agreements:
From RAN1, RMSI is assumed to be always PRB-aligned with PRB grid. However, the current 4-bit PRB grid offset in PBCH with 15kHz SCS can’t ensure the above assumption when RMSI has 30kHz SCS. Therefore, for FR1, RAN1 agrees to increase from 4-bit PRB grid offset to 5-bit PRB grid offset in PBCH where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS, while for FR2, there is still 4-bit PRB grid offset and RAN1 assumes the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerology.
The exact way of signaling the valid search raster point was left for the next meeting. Hence multiple solution for that may be needed. FR1 and FR2 tables needs to be completed. Following were agreed to be used as constrains. 
· Regarding signaling the valid search raster:
· No additional signaling entries in the PBCH (for example cellBarred, intraFreqReselection) are to be used to inform the UE of the valid raster 
· The indication is only for the same frequency band 
Agreements:
· The value of M (as in 38.101) for sync raster definition (i.e., 0, ±1) for FR1 is informed to UE 
· Up to RAN4 to decide the set of offset values for FR1
· As a working assumption, the indication is in RMSI
· If the minimum distance between adjacent sync rasters is large enough (w.r.t the initial frequency offset tolerance), the indication is no longer necessary
· Send an LS to RAN2 and RAN4 – R1-1801109, which is approved and final LS is in R1-1801182
In RAN1 #92 meeting, the following has been agreed on synchronization signal for NR design [1]:
Following Wayfoward from RAN4 is up for challenge up to 2018-04-09 and has not been challenged 
· SS raster is revised according to Option 1:
· Large shift is used for the SS raster in re-farming bands in the range of 70 – 100 kHz.
· No RMSI signaling is defined for the shift.
· Companies are encouraged to study and contribute on the details of the large raster shift.
· Detailed decision on the exact shift is made at RAN4#86bis. 
In this contribution, we considered the details for frequency offset in raster for FR1 and OFDM Signal Generation. Particularly, we discussed the remaining issues and details indication of ±5kHz offset to the 100k Raster and the remaining details for OFDM signal generation. We considered and discussed the options to indicate RMSI presence and indication of SSB-subcarrier-offset as well as the issues related to indication of SS raster positions. 

Frequency Offset in Raster for FR1 
SS raster entries are defined by RAN4 for different frequency bands. For the FR1 band, in the frequency range from 0 to 3GHz an equation was defined for indicating the raster frequencies. 
              N*900kHz+M*X kHz, N=1:3000, M=-1:1.
Initially, the value of X was equal to 5kHz. As 5kHz is much smaller than the maximum CFO, to remove the ambiguity at receiver, it was agreed to indicate the value of M in the RMSI. Other than the ambiguity at the receiver, there were also concerns with this small offset of 5kHz, regarding performance of PBCH, RMSI PDCCH or RMSI PDSCH reception.
After a lot of discussions, RAN4 came to a new working assumption to increase this raster offset to ±70-100kHz. The wayfoward from RAN4 was put up for challenge up to 2018-04-09. The wayfoward has not been challenged as yet and may get confirmed. If it is confirmed, frequency offset between adjacent synchronization entries will be higher than allowable maximum initial carrier frequency offset of the receiver. Because of large offsets, UE may need to try three phase compensation hypothesis for each of the three raster points for each 900kHz raster point. At the same time, there may not be an ambiguity of the frequency at the receiver after synchronization. Therefore, there may not be a need to indicate the value of M in the RMSI. 
Proposal 1: If working assumption for large shift from RAN4 is confirmed, the value of M should not be indicated in RMSI or NR-PBCH. 

Indication of Cell-Defining SS/PBCH
The indication of presence of cell-defining SS/PBCH block should be confined within a contiguous spectrum allocation of a same operator in which the SSB is detected. It was agreed to use a tables to signal an offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB. 
For FR1, Upton +/-768 GCSN may be indicated by using SSB-subcarrier-offset = 10 and 30. 

· For first frequency range in FR1 the offset that can be indicated is +/- 256x900 = +/-230.4MHz (as there are three GSCN for each 900MHz raster point)
· For second frequency range in FR1 the offset that can be indicated is +/- 768x1.44 = +/- 1.10 GHz

Also, it was agreed to use reserved codeword(s) to indicate that there is no cell-defining SS/PBCH around the reference GSCN () in the range [. 
· Signal by multiplication of the step size, X, and 4 MSBs of RMSI-PDCCH-Config corresponding to parameter ssb-subcarrierOffset set to 15 and  (for FR1)
· Signal  by multiplication of the step size, X, and 4 LSBs of RMSI-PDCCH-Config corresponding to parameter ssb-subcarrierOffset set to 15 and  (for FR1)

The working assumption was X = 1 and unit of X is in sync raster step. 
For first frequency range in FR1, the sync raster step is 900kHz. Hence, at the max value indicated using 4 bits may be 15 and hence the maximum value of  and  may be 16x900kHz = 14.4MHz. gNB may be able to indicate no cell-defining SS/PBCH blocks for the range of +/- 14.4MHz
For second frequency range in FR1, the sync raster step is 1.44 MHz. The maximum value indicated using 4 bits may be 15 and the maximum value of Glow and Ghigh may be 16x1.44M = 23.04MHz. gNB may be able to indicate no cell-defining SS/PBCH blocks for the range of +/- 23.04MHz




[bookmark: _Ref510707565]Figure 1 No Other operator in the frequency range

If gNB can indicate cell defininig SS/PBCH block up to +/-23.04MHz and identify the abcense of the them up to 14.4MHz, it may not be very valuable to use Value of X = 1. The value of X could be > 1, which may enable to use higher range to indicate the absence of cell defining SS/PBCH. 
This is illustrated in the Figure 1. The green-range indicates the range +/-23.04MHz upto which cell defininig SS/PBCH block can be indicated. The red-range indicates the max range for which gNB may indicate that there is no cell defining SSB. If this red-range is smaller than green-range, it will never be used efficiently. Hence for all practical purposes, it would make sense to have the red-range to be larger than green-range.  

  


[bookmark: _Ref510708194]Figure 2 Other operator sharing the spectrum

As the indication of presence of cell-defining SS/PBCH block should be confined within a contiguous spectrum allocation of a same operator, this indication of absence may be of some value when carrier of another operator is within the range 14.4MHz (or 23.04MHz for second range of FR1) and UE needs to be directed to search for SS/PBCH outside the range. But in this case, X= 1 may be severely limiting. As an example, this is illustrated in the Figure 2. As the green-range indicates the range confined within a contiguous spectrum allocation of a same operator, the range is limited. The red-range extende beyond green-range. Still, it may be advantageous to have larger red-range. 
It should be noted that gNB may be able to use ssb-subcarrierOffset set values = 14, 15 to indicate two different values of X belongs to [x1, x2], which may increase the range of Glow and Ghigh. and may be a compromise between accuracy if indication and range of indication of the absence of SS/PBCH block. 
Proposal 2: Confirm the working assumption for signaling an offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB. Value of X can be considered to be equal to or larger than one.

Signal Generation
If the working assumption for large shift from RAN4 is confirmed, the offset between raster points in FR1 will be >= 70kHz. Hence, unquantized post-compensation terms at the receiver would vary among all three raster points. The phase rotation will not jumps across symbol boundaries and hence quantized or unquantized approaches will become identical to each other. So it may be concluded that with M >= 70kHz there may not be a need for quantization and option 3a may be agreed.  
For option 3a where the baseband signal generation remains unchanged and gNB pre-compensates all OFDM symbols using a common reference tone as the zero tone for phase compensation. It was for further studies to deteremine which tone to use as the common reference tone. With different subcarrier spacing used in NR, the RF reference frequency may be mapped to different REs in a carrier. 
Different values for the common reference are possible. 
· Transmitter carrier center frequency f0 
· 0-Hz or the zero tone 
· Tone selected in a frequency band-specific manner.
· Tone selected in conjunction with the sub-carrier spacing assumptions
· 0th tone of the RB0 of the transmission. 

However it may be preferable to use the transmitter carrier center frequency f0 as the reference tone. If the Transmitter carrier center frequency is used for zero tone for phase compensation, the residual phase may be used to estimate the offset between the center frequency of transmitter and the center frequency of the receiver. 
Proposal 3: If working assumption for large shift from RAN4 is confirmed, option 3a for OFDM signal generation can also be confirmed.

Conclusions
In this contribution, we considered the details for frequency offset in raster for FR1 and OFDM Signal Generation. Particularly, we discussed the remaining issues and details indicaton of ±5kHz offset to the 100k Raster and the remaining details for OFDM signal generation. We considered and discussed the options to indicate RMSI presence and indication of SSB-subcarrier-offset as well as the issues related to indication of SS raster positions. We have the following proposals:
Proposal 1: If working assumption for large shift from RAN4 is confirmed, the value of M should not be indicated in RMSI or NR-PBCH. 
Proposal 2: Confirm the working assumption for signaling an offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB. Value of X can be considered to be equal to or larger than one.
Proposal 3: If working assumption for large shift from RAN4 is confirmed, option 3a for OFDM signal generation can also be confirmed.
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