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Introduction
In RAN1 NR-AH #4 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

Agreements (from RMSI):
· To adopt the following TP in 38.211, Section 7.4.3.1:
For an SS/PBCH block, the UE shall assume 

-	antenna port  is used for transmission of PSS, SSS and PBCH,
-	the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,



-	for SS/PBCH block type A, , , and  are expressed in terms of 15 kHz subcarrier spacing, and



-	for SS/PBCH block type B, , is expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and is expressed in terms of the subcarrier spacing 60 kHz.
Based on the online agreement during RAN1 NR-AH #4 meeting, the following was agreed to be discussed: 
· Select between:
· Alt1: Signaling of the absolute raster position within the frequency band
· Alt2: Signaling of the raster position relative to the found raster position
· Should signaling of no RMSI present within the signaling range be supported? 
· Should the ±5 kHz offset be indicated in FR1?
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 signalling 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 this document, we considered and discussed the options to indicate RMSI presence and indication of SSB-subcarrier-offset. We considered and discussed the issues related to indication of SS raster positions. 

Indication of Offset to 100k Raster 
SS raster entries defined by RAN4 for different frequency bands. For the frequency range from 0 to 2.7 GHz an additional offset ±5kHz was added. An Equation was defined N*900kHz+M*5kHz, N=1:[2944], M=-1:1. This offset created some issues. 3 raster entries for every point may create subcarrier alignment between SS/PBCH block and common resource block for some cases. The other issue is that the 5kHz repetition granularity of the SS raster cannot be differentiated by the UE due to the larger frequency error at UE side compared with gNB. It seems appropriate that gNB indicates the M value (+1, 0, -1) to UE. If UE has synchronised at different raster point than gNB intended due to the frequency error, UE can find the offset. It is needed to correctly identify the channel considering the margin of error in synchronization. It was also discussed that the offset needs to be known to the UE before transmitting UL to use the correct UL frequency. Since the UE can successfully decode PBCH it should also be capable of successfully decoding PDSCH containing RMSI. Hence, due to the lack of available bits in PBCH it is proposed to indicate the offset in RMSI. It should be indicated in RMSI instead of using 1 bits in PBCH. 
Proposal 1: Confirm the working assumption that the indication for the offset (M value) is in RMSI.

Indication of RMSI Presence 
The SS/PBCH blocks on the synch raster may be “cell defining” if it has associated RMSI. Additional SS/PBCH blocks can be located off the synch raster and are used e.g. for measurements. These off-raster SS/PBCH blocks would not have valid RMSI information. However, SS/PBCH on the SS-raster also may not be cell-defining or do not have to have RMSI.
It was agreed that for an SS/PBCH block on the sync raster, the indication of no associated RMSI can be done using reserved value(s) in SSB-subcarrier-offset. And, if there is no associated RMSI present, RMSI-PDCCH-Config of NR-PBCH payload can be used to signal the next sync raster that UE should search for cell-defining SSB. All ones or, 15 in the case of 4 bit SSB-subcarrier-offset and 31 in the case of 5 bit SSB-subcarrier-offset may be used to indicate absence of RMSI corresponding to current SS/PBCH Block. 

[bookmark: _Ref498720408]SSB Subcarrier Offset 
It was agreed that ‘RMSI is always assumed to be always PRB-aligned with PRB grid. In FR1, 15kHz SCS can’t ensure the above assumption when RMSI has 30kHz SCS. Hence 5-bit PRB grid offset PBCH is needed, where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS’. It was concluded that ‘no change of the 4-bit as per RRC by using some existing reserved/spare bit’
It should be noted that this is the only case (e.g. SS/PBCH SCS < RMSI SCS) out of the 8 combinations. Using 4 or 5 bits based on this condition makes PBCH band-dependent. To make PBCH band-independent, it may be possible that condition may be imposed on SS/PBCH Block to align with 30kHz grid in the scenario where SS/PBCH SCS = 15kHz and RMSI SCS = 30kHz.  
If such condition may be imposed, like FR2, in FR1 also, it may be assumed that, the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerology. By doing so, no existing reserved/spare bit needs to be used without sacrificing any major or meaningful flexibility. In the case where SS/PBCH SCS = 15kHz and RMSI SCS = 30kHz, a condition should be imposed for SS/PBCH Block to align with 30kHz grid. Using 5 bits for PRB-Grid-Offset for SS/PBCH block type A can be reconsidered.

Signaling of Raster Position
For ease of explanation, we will consider two different frequency range of FR1 separately. The frequency range 0-2.65GHz may be considered first frequency range of FR1 and 2.4GHz to 24.25GHz may be considered as second frequency range of FR1. 
For given frequency band, signalling the raster position relative to the found raster position doubles the number of points to be indicated. It increases the overhead for no apparent reason. The Table 1 and Table 2 show all the bands in FR1 and FR2. These tables are generated using data in [2] and [3]. It shows number of points required to be signalled in each band for Alt1 and Alt2 (Absolute GSCN and relative Offset on GSCN). Also for the Down-selection factor is applied according to the LS from RAN4. 
It can be seen that n38 n50, n66, and n75 (indicated with Red color in Alt1-DS – Alt1 with Down-selection) still need more than 8 bits to indicate the number the absolute channel number with 1-1 mapping with GSCN. Two different solutions may be considered here.
1. As 5kHz is less than the margin of error, only raster points with M = 0 are considered. So, from the raster equation only N needs to be indicated. (this implies that not all values of GSCN are used but only 1/3 of them are used for the first frequency range in FR1). Number of bits required for that are shown in Alt3. 
2. Code point from SSB-subcarrier-offset (PRB Grid offset) along with the 8 bits of RMSI Coreset configuration is used. (It must be noted that if we select Alt2, we must use more code points SSB-subcarrier-offset)

Number of raster points in second frequency range in FR1 is much higher, and are discussed in following section discussing down-selection. 
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	FR1 
	SSB SCS
	FLow
	FHigh
	BW
MHz
	First GSCN
	Last GSCN
	Alt1
	Alt2 
	Min BW
	Alt1 DS
	Alt3

	 Frequency Range 1 : Raster 900kHz * N +- 5KHz M

	n1
	15kHz
	2112.043
	2167.973
	56
	7039
	7224
	186
	370
	5
	186
	62

	n2
	15kHz
	1932.043
	1987.973
	56
	6439
	6624
	186
	370
	5
	186
	62

	n3
	15kHz
	1807.043
	1877.973
	71
	6022
	6258
	237
	472
	5
	237
	79

	n5
	15kHz
	871.0425
	891.9725
	21
	2902
	2973
	72
	142
	5
	72
	24

	
	30kHz
	873.265
	889.765
	17
	2911
	2964
	54
	106
	10
	54/6
	18/6

	n7
	15kHz
	2622.043
	2687.973
	66
	8740
	8958
	219
	436
	5
	219
	73

	n8
	15kHz
	927.0425
	957.9725
	31
	3091
	3192
	102
	202
	5
	102
	34

	n20
	15kHz
	793.0425
	818.9725
	26
	2644
	2727
	84
	166
	5
	84
	28

	n28
	15kHz
	760.0425
	800.9725
	41
	2533
	2667
	135
	268
	5
	135
	45

	n38
	15kHz
	2572.043
	2687.973
	116
	8572
	8958
	387
	772
	5
	387
	129

	n50
	15kHz
	1434.043
	1514.973
	81
	4780
	5049
	270
	538
	5
	270
	90

	n51
	15kHz
	1429.043
	1429.973
	1
	4762
	4764
	3
	4
	5
	3
	1

	n66
	15kHz
	2112.043
	2197.973
	86
	7039
	7326
	288
	574
	5
	288
	96

	
	30kHz
	2114.265
	2195.765
	82
	7048
	7317
	270
	538
	10
	270/6
	90/6

	n70
	15kHz
	1997.043
	2017.973
	21
	6655
	6726
	72
	142
	5
	72
	24

	n71
	15kHz
	619.0425
	649.9725
	31
	2062
	2166
	105
	208
	5
	105
	35

	n74
	15kHz
	1477.043
	1515.973
	39
	4924
	5052
	129
	256
	5
	129
	43

	n75
	15kHz
	1434.043
	1514.973
	81
	4780
	5049
	270
	538
	5
	270
	90

	n76
	15kHz
	1429.043
	1429.973
	1
	4762
	4764
	3
	4
	5
	3
	1

	Frequency Range 2 : Raster 1.44KHz * N

	n41
	15kHz
	2498.113
	2687.903
	190
	9069
	9199
	131
	260
	10
	131
	-

	
	30kHz
	2500.265
	2685.765
	186
	9070
	9198
	129
	256
	10
	129
	-

	n77
	30kHz
	3304.265
	4195.765
	892
	9628
	10247
	620
	1238
	10
	620
	-

	n78
	30kHz
	3304.265
	3795.765
	492
	9628
	9969
	342
	682
	10
	342
	-

	n79
	30kHz
	4404.505
	4995.525
	592
	10393
	10802
	410
	818
	40
	410/21
	-


Note: Purple entries means that down-selection factor may be applied for SS Raster. Red entries mean that the number is greater than 256 and can not be represented by 8 bits. It is same for the table 2. 
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	FR2
	SSB SCS
	FLow
	FHigh
	BW
	First GSCN
	Last GSCN
	ALT1
	ALT2 
	Min BW
	ALT1 DS

	n257
	120 kHz
	26516.3
	29483.82
	2967.52
	24306
	24476
	170
	338
	50
	170

	
	240 kHz
	26561.4
	29438.84
	2877.44
	24308
	24474
	166
	330
	100
	166/2

	n258
	120 kHz
	24266.3
	27483.82
	3217.52
	24175
	24361
	186
	370
	50
	186

	
	240 kHz
	24282.6
	27467.64
	3185.04
	24176
	24360
	184
	366
	100
	184/2

	n260 
	120 kHz
	37016.3
	39983.82
	2967.52
	24913
	25084
	171
	340
	50
	171

	
	240 kHz
	37061.4
	39938.84
	2877.44
	24916
	25081
	165
	328
	100
	165/2



“Alt1: Signaling of the absolute raster position within the frequency band” should be selected to indicate the raster location of next SSB with RMSI within the band. It may be considered to indicate only GSCN with M = 0 for first frequency band of FR1 while indicating the raster location of next SSB with RMSI within the band
Proposal 2: ‘Alt1: Signaling of the absolute raster position within the frequency band’ is supported. 

Down Selection Factor 
Below is the information about down-selection of synchronization raster From the LS [4] from RAN4
· SS Raster Definition for the 0-2.65GHz range
· Raster applies to bands with 100kHz channel raster and 15kHz channel raster with 5MHz minimum bandwidth(bands might be defined in the future) in this frequency range
· For 10MHz minimum channel bandwidth a down selection factor of [6](1 entry in [6]) is used
· SS Raster Definition for the 2.4-24.25 GHz range
· Raster applies to bands with 15kHz channel raster and 10MHz minimum bandwidth(n41, n77,n78, n79, etc) in this frequency range
· For 10MHz minimum channel bandwidth and 15kHz SS block SCS a down selection factor of [3] is applied
· For 40MHz minimum channel bandwidth and 30kHz SS block SCS a down selection factor of [21]
· SS Raster Definition for the 24.25-100GHz range
· Raster applies to bands with 60kHz channel raster in this frequency range
· For 100MHz minimum channel bandwidth and 240kHz SS block SCS a down selection factor of [2] can be used
Table 3 summarizes the information on the down-selection of the channels. This is also reflected in last columns of Table 1 and Table 2. If there are no entries for specific SCS, it is assumed that down-selection factor is 1 and all the raster points are to be considered synchronization. 
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	Freq- Range
	Minimum BW (MHz)
	SCS (kHz)
	DS Factor   
Synch-Raster
	Channel Raster (kHz)

	0-2.65 GHz
	10 
	15
	6
	15/100 

	2.4-24.25 GHz
	10
	15
	3
	15

	2.4-24.25 GHz
	10
	30 
	?
	15

	2.4-24.25 GHz
	40
	30 
	21
	15

	24.25- 100GHz
	100
	240
	2
	60



For the frequency range 2, for 10MHz minimum bandwidth with 15kHz SCS, down selection factor of 3 is specified [4]. However no down selection factor is specified for 10MHz minimum bandwidth with 30kHz SCS. This is the frequency range of the band n77, n78. They have very large bandwidth and hence large number of synchronization raster points that may need to be indicated for next raster point with RMSI. n77 bands is the bottleneck in defining number of bits required to indicate the next raster position. If down-selection factor of 3 is applied to those bands, the number of raster points to be searched may get reduced by factor of 3 and 
For 10MHz minimum channel bandwidth and 15kHz SS block SCS a down selection factor of 3 is applied. Down selection factor of at least 3 also should be applied to n41, n77, n78 band for SCS of 30kHz which all have 10MHz minimum BW. RAN4 can verify the down-selection factor for second frequency range in FR1 for SCS 30kHz. 

Conclusions
In this contribution, we considered and discussed the options to indicate RMSI presence and indication of SSB-subcarrier-offset. We considered and discussed the issues related to indication of SS raster positions. We have the following proposals:
Proposal 1: Confirm the working assumption that the indication for the offset (M value) is in RMSI.
Proposal 2: ‘Alt1: Signaling of the absolute raster position within the frequency band’ is supported. 
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