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1. [bookmark: _Ref492763289]Introduction
This contribution discusses the design details for the sync raster UE should search for cell-defining SSB, PRB grid offset (i.e., SSB-subcarrier-offset), and SSB-to-PDCCH PSD offset signalling.
2. Indication of sync raster for cell-defining SSB
RAN1 #91 agreed to use SSB-subcarrier-offset for the indication of no associated RSMI for an SSB on the sync raster. Furthermore, it was agreed that if no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB: 
	Agreements:
· [bookmark: _Hlk503442804]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.



RAN4 agreed that maximum channel BW is 100MHz for below-6 GHz (sync raster is 900kHz and 3 values for offsets 0, +/-5kHz) and 400MHz for above-24GHz (sync raster is 17.28MHz and no +/- 5kHz offset). As a result, we need at least 2x336 offset entries for the indication for below-6GHz and 2x24 offset entries for the indication for above-24GHz. In particular, Table 1 and Table 2 provide indication that RMSI is not present and an offset in resolution of sync raster to a sync raster point with cell-defining SSB for below-6GHz and above-24GHz, respectively.
Besides defining the offset range [-336, +336] for below-6GHz and [-72, +72] for above-24GHz, we could define a special offset entry to indicate that there is no cell defining SSB within the specified offset range:
· An entry in Table 1 to indicate there is “No cell-defining SSB in range [-336, +336]”
· An entry in Table 2 to indicate there is “No cell-defining SSB in range [-72, +72]”
Note that, for frequency range from 6GHz to 24GHz, RAN4 agreed sync raster is 1.44MHz and no +/-5kHz offsets. However, no frequency bands within this frequency range have been proposed for NR. Assume the maximum channel BW is 400MHz, we need 2x278 offset entries in total. Hence, Table 1 for below-6GHz could be reused for frequency range from 6GHz to 24GHz.  
Proposal 1: Indication of a sync raster point UE may search for cell-defining SSB is provided in Table 1 and Table 2 for below-6GHz and above-24GHz, respectively. 
· Note: No bands have been defined for frequency range 6GHz – 24GHz.

[bookmark: _Ref503172439]Table 1: RMSI presence indication for below-6GHz
	SSB-subcarrier-offset index
	RMSI-PDCCH-Config
	Offset (in sync raster)

	29
	0
	+1

	29
	1
	+2

	29
	2
	+3

	…
	…
	…

	29
	254
	+255

	29
	255
	+256

	30
	0
	+257

	30
	1
	+258

	…
	…
	

	30
	78
	+335

	30
	79
	+336

	30
	80
	-1

	30
	81
	-2

	…
	…
	…

	30
	255
	-176

	31
	0
	-177

	31
	1
	-178

	…
	…
	…

	31
	158
	-335

	31
	159
	-336

	31
	160
	No cell-defining SSB in range [-336, +336]

	31
	161
	Reserved

	…
	…
	…

	31
	255
	Reserved


 
[bookmark: _Ref503172449]Table 2: RMSI presence indication for above-24GHz
	SSB-subcarrier-offset index
	RMSI-PDCCH-Config
	Offset (in sync raster)

	15
	0
	+1

	15
	1
	+2

	15
	2
	+3

	…
	…
	…

	15
	71
	+72

	15
	72
	-1

	15
	73
	-2

	…
	…
	…

	15
	143
	-72

	15
	144
	No cell-defining SSB in range [-72, +72]

	15
	145
	Reserved

	…
	…
	…

	15
	255
	Reserved



3. [bookmark: _Ref503172920][bookmark: _Hlk481654588]PRB grid offset  
RAN1 #91 agreed 5-bit PRB gird offset in unit of subcarrier based on 15kHz SCS for FR1 and 4-bit PRB grid offset in unit of subcarrier based on RMSI numerology for FR2:  
	Agreements:
· A UE is RRC signaled with the following for common PRB indexing
· ….
· 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 following proposal provides a definition for SSB-subcarrier-offset and its design for different combinations of SSB/RMSI numerologies. 
[bookmark: _Hlk503183138]Proposal 2: SSB-subcarrier-offset in the unit of subcarrier is the frequency different between the lowest RE of SS/PBCH block and the lowest RE of the RMSI PRB. Furthermore, use Table 3 and Table 4 to indicate SSB-subcarrier-offset for below-6GHz and above-6GHz, respectively.
[bookmark: _Ref503043636]Table 3: SSB-subcarrier-offset for below 6 GHz
	Index
	SS block SCS = 15 kHz
	SS block SCS = 30 kHz

	
	RMSI SCS = 15kHz
	RMSI SCS = 30kHz
	RMSI SCS = 15kHz
	RMSI SCS = 30kHz

	0
	0
	0
	0
	0

	1
	1
	1
	1
	1

	2
	2
	2
	2
	2

	3
	3
	3
	3
	3

	4
	4
	4
	4
	4

	5
	5
	5
	5
	5

	6
	6
	6
	6
	6

	7
	7
	7
	7
	7

	8
	8
	8
	8
	8

	9
	9
	9
	9
	9

	10
	10
	10
	10
	10

	11
	11
	11
	11
	11

	12
	Reserved
	12
	Reserved
	12

	13
	Reserved
	13
	Reserved
	13

	14
	Reserved
	14
	Reserved
	14

	15
	Reserved
	15
	Reserved
	15

	16
	Reserved
	16
	Reserved
	16

	17
	Reserved
	17
	Reserved
	17

	18
	Reserved
	18
	Reserved
	18

	19
	Reserved
	19
	Reserved
	19

	20
	Reserved
	20
	Reserved
	20

	21
	Reserved
	21
	Reserved
	21

	22
	Reserved
	22
	Reserved
	22

	23
	Reserved
	23
	Reserved
	23

	24
	Reserved
	Reserved
	Reserved
	Reserved

	25
	Reserved
	Reserved
	Reserved
	Reserved

	26
	Reserved
	Reserved
	Reserved
	Reserved

	27
	Reserved
	Reserved
	Reserved
	Reserved

	28
	Reserved
	Reserved
	Reserved
	Reserved

	29
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence

	30
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence

	31
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence



[bookmark: _Ref503043643]Table 4: SSB-subcarrier-offset for above 6 GHz
	Index
	SS block SCS = 120kHz
	SS block SCS = 240kHz

	
	RMSI SCS = 60kHz
	RMSI SCS = 120kHz
	RMSI SCS = 60kHz
	RMSI SCS = 120kHz

	0
	0
	0
	0
	0

	1
	1
	1
	1
	1

	2
	2
	2
	2
	2

	3
	3
	3
	3
	3

	4
	4
	4
	4
	4

	5
	5
	5
	5
	5

	6
	6
	6
	6
	6

	7
	7
	7
	7
	7

	8
	8
	8
	8
	8

	9
	9
	9
	9
	9

	10
	10
	10
	10
	10

	11
	11
	11
	11
	11

	12
	Reserved
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved
	Reserved

	14
	Reserved
	Reserved
	Reserved
	Reserved

	15
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence



4. SSB-to-PDCCH PSD offset 
In NR, the sync signals are the only downlink signals that are always-ON and broadcast periodically. From UE perspectives, UE needs to use the sync signals for Rx-AGC loops when receiving PDCCH and PDSCH. As a result, UE should know the PSD relationship between SSB and PDCCH/PDSCH. Whether we should specify the offset to PDCCH or PDSCH depends on what is the target for AGC setting. Assuming the PSD offset between PDCCH and PDSCH is not very large e.g., within the range [-6dB, +4dB], it might be better to specify the offset with respect to PDCCH since typically PDCCH is expected to come first. Having said that, below could be possible alternatives on signalling such PSD offset to UE:
· Alt.1: gNodeB signals an PSD offset between SSB and PDCCH in RMSI.
· Alt.2: gNodeB signals an PSD offset between SSB and PDCCH in PBCH.
· Alt.3: Specify a fixed PSD offset between SSB and PDCCH that UE can assume.
Alt.3 might limit the network deployment flexibility. In fact, it is the best to provide this PSD offset signalling in PBCH (Alt.2). However, since there are very limited number of reserved bits in PBCH, Alt.2 might not be a good candidate neither. From this analysis, signaling an PSD offset between SSB and PDCCH in RMSI (Alt.1) is a reasonable tradeoff between Alt.2 and Alt.3. It should be noted that Alt.2 does not provide any help to UE in tuning RX-AGC for RMSI decoding, which degrades RMSI decoding performance. To mitigate the impacts to RMSI decoding performance, it is desirable to have PSD offset between SSB and RMSI PDCCH is not large. In particular, UE can assume that PSD offset between SSB and RMSI PDCCH is not larger than 6dB, which is similar to RE power dynamic range for PDCCH in LTE specified in Sub-clause 6.3.1 of TS 36.104.   
[bookmark: _Hlk503551157][bookmark: _GoBack]Proposal 3: gNodeB signals an PSD offset between SSB and PDCCH in RMSI. Furthermore, UE assumes that PSD offset between SSB and RMSI PDCCH is not larger than 6dB.
Values for PSD offset between SSB and PDCCH could be signalled in ranges e.g., [-5dB, +5dB], [+5dB, +10dB], [+10dB, +15dB], etc.
5. Conclusion 
This contribution discusses the design details for the next sync raster UE should search for cell-defining SSB and PRB grid offset (i.e., SSB-subcarrier-offset). In particular, the following proposals have been made:
Proposal 1: Indication of a sync raster point UE may search for cell-defining SSB is provided in Table 1 and Table 2 for below-6GHz and above-24GHz, respectively. 
· Note: No bands have been defined for frequency range 6GHz – 24GHz.
Proposal 2: SSB-subcarrier-offset in the unit of subcarrier is the frequency different between the lowest RE of SS/PBCH block and the lowest RE of the RMSI PRB. Furthermore, use Table 3 and Table 4 to indicate SSB-subcarrier-offset for below-6GHz and above-6GHz, respectively.
Proposal 3: gNodeB signals an PSD offset between SSB and PDCCH in RMSI. Furthermore, UE assumes that PSD offset between SSB and RMSI PDCCH is not larger than 6dB.

Below is a corresponding text proposal for Proposals 1 and 2 for Section 13 of TS 38.213 [2].
---------------------------- 38.213 text proposal starts ---------------------------------------
13 UE procedure for monitoring Type0-PDCCH common search space 




If a control resource set of Type0-PDCCH common search space is indicated by PBCH, aA UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the first four bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-8 and determines PDCCH monitoring occasions from the second four bits of RMSI-PDCCH-Config as described in Tables 13-9 through 13-13 where  and  are the SFN and slot of the control resource set and  and  are the SFN and slot of the SS/PBCH block, respectively. 
The offset in Tables 13-1 through 13-8 is defined with respect to the subcarrier spacing of the control resource set and is the difference between the smallest RB index of the SS/PBCH block and the smallest RB index of the control resource set for Type0-PDCCH common search space. Condition A or condition B in Tables 13-1 through 13-8 corresponds to the case of PRG [6, TS 38.214] alignment or non-alignment, respectively, between SS/PBCH block RBs and RBs of the control resource set for Type0-PDCCH common search space. 








For a first SS/PBCH block and control resource set (CORESET) multiplexing pattern, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots . For SS/PBCH block with index , the UE determines an index of the first slot  as  located in a frame with system frame number (SFN) satisfying  if  or in a frame with SFN satisfying  if .
If “no RMSI presence” is indicated in SSB-subcarrier-offset in PBCH according to Tables 13-14 through 13-15,
the sync raster containing SSB having associated Type0-PDCCH common search space is indicated from RMSI-PDCCH-Config as described in Tables 13-16 through 13-17. SSB-subcarrier-offset is the difference between the lowest RE index of SS/PBCH block and the lowest RE index of the control resource set for Type0-PDCCH common search space.

Table 13-14: SSB-subcarrier-offset configuration for below-6GHz
	Index
	SS block SCS = 15 kHz
	SS block SCS = 30 kHz

	
	RMSI SCS = 15kHz
	RMSI SCS = 30kHz
	RMSI SCS = 15kHz
	RMSI SCS = 30kHz

	0
	0
	0
	0
	0

	1
	1
	1
	1
	1

	2
	2
	2
	2
	2

	3
	3
	3
	3
	3

	4
	4
	4
	4
	4

	5
	5
	5
	5
	5

	6
	6
	6
	6
	6

	7
	7
	7
	7
	7

	8
	8
	8
	8
	8

	9
	9
	9
	9
	9

	10
	10
	10
	10
	10

	11
	11
	11
	11
	11

	12
	Reserved
	12
	Reserved
	12

	13
	Reserved
	13
	Reserved
	13

	14
	Reserved
	14
	Reserved
	14

	15
	Reserved
	15
	Reserved
	15

	16
	Reserved
	16
	Reserved
	16

	17
	Reserved
	17
	Reserved
	17

	18
	Reserved
	18
	Reserved
	18

	19
	Reserved
	19
	Reserved
	19

	20
	Reserved
	20
	Reserved
	20

	21
	Reserved
	21
	Reserved
	21

	22
	Reserved
	22
	Reserved
	22

	23
	Reserved
	23
	Reserved
	23

	24
	Reserved
	Reserved
	Reserved
	Reserved

	25
	Reserved
	Reserved
	Reserved
	Reserved

	26
	Reserved
	Reserved
	Reserved
	Reserved

	27
	Reserved
	Reserved
	Reserved
	Reserved

	28
	Reserved
	Reserved
	Reserved
	Reserved

	29
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence

	30
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence

	31
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence



Table 13-15: SSB-subcarrier-offset configuration for above-6GHz
	Index
	SS block SCS = 120kHz
	SS block SCS = 240kHz

	
	RMSI SCS = 60kHz
	RMSI SCS = 120kHz
	RMSI SCS = 60kHz
	RMSI SCS = 120kHz

	0
	0
	0
	0
	0

	1
	1
	1
	1
	1

	2
	2
	2
	2
	2

	3
	3
	3
	3
	3

	4
	4
	4
	4
	4

	5
	5
	5
	5
	5

	6
	6
	6
	6
	6

	7
	7
	7
	7
	7

	8
	8
	8
	8
	8

	9
	9
	9
	9
	9

	10
	10
	10
	10
	10

	11
	11
	11
	11
	11

	12
	Reserved
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved
	Reserved

	14
	Reserved
	Reserved
	Reserved
	Reserved

	15
	No RMSI presence
	No RMSI presence
	No RMSI presence
	No RMSI presence



Table 13-16: Sync raster offset to a frequency containing cell-defining SSB for below-6GHz
	SSB-subcarrier-offset index
	RMSI-PDCCH-Config
	Offset (in sync raster)

	29
	0
	+1

	29
	1
	+2

	29
	2
	+3

	…
	…
	…

	29
	254
	+255

	29
	255
	+256

	30
	0
	+257

	30
	1
	+258

	…
	…
	

	30
	78
	+335

	30
	79
	+336

	30
	80
	-1

	30
	81
	-2

	…
	…
	…

	30
	255
	-176

	31
	0
	-177

	31
	1
	-178

	…
	…
	…

	31
	158
	-335

	31
	159
	-336

	31
	160
	No cell-defining SSB in range [-336, +336]

	31
	161
	Reserved

	…
	…
	…

	31
	255
	Reserved


 
Table 13-17: Sync raster offset to a frequency containing cell-defining SSB for above-24GHz
	SSB-subcarrier-offset index
	RMSI-PDCCH-Config
	Offset (in sync raster)

	15
	0
	+1

	15
	1
	+2

	15
	2
	+3

	…
	…
	…

	15
	71
	+72

	15
	72
	-1

	15
	73
	-2

	…
	…
	…

	15
	143
	-72

	15
	144
	No cell-defining SSB in range [-72, +72]

	15
	145
	Reserved

	…
	…
	…

	15
	255
	Reserved



------------------------------------------------ 38.213 text proposal ends -------------------------------------
6. References 
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1.


 


Introduction


 


This contribu


tion


 


discusses the 


design details 


for


 


the sync raster UE should search for cell


-


defining SSB


,


 


PRB grid offset (i.e., 


SSB


-


subcarrier


-


offset


)


, and 


SSB


-


to


-


PDCCH PSD offset signalling


.


 


2.


 


Indication of


 


sync raster for cell


-


defining SSB


 


RAN1 #91 agreed to use SSB


-


subcarrier


-


offset for the indication of no associated RSMI for an SSB on the 


sync raster


. Furthermore, it was agreed that i


f no RMSI present, RMSI


-


PDCCH


-


Config is used to signal the 


next sync raster that UE should search for cell


-


defining SSB
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Agreements


:


 


·


 


For an SSB on the sync raster, the indication of no associated RMSI is done using reserved 
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-


subcarrier


-


offset. If no RMSI present, RMSI


-


PDCCH


-
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defining SSB.


 


 


RAN4 
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Note that, f
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. However


, no 
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n proposed 
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Assume
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