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Introduction
During discussion in RAN1#92 meeting, the following were agreed on the indication of SSB sync raster if no RMSI is present [1]: 
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 [
· [bookmark: _Hlk507603557]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)
· FFS: The step size X is either in sync raster step or frequency and may be different for FR1 and FR2

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

In this contribution, the remaining details of sync raster indication signaling in PBCH are discussed. 
Discussion
In RAN1#92 meeting, it was agreed to signal a GSCN offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB. Also, the reserved codewords are used to indicate that there is no cell-defining SS/PBCH around the reference GSCN() in the range [. The  and   is signaled by multiplication of the step size X. The working assumption is X=1 and X is in sync raster step. The size of range is determined by the step X and sync raster interval, with the 4+4 bits signaling. With different frequency range, the sync raster interval is shown as follows [2]. 
Table 1: GSCN parameters for the global frequency raster
	Frequency range
	SS_Block frequency position
	Range of SSREF

	0 - 2650 MHz
	N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
	1 – [8832] 

	2400 - 24250 MHz
	2400MHz+N*1.44MHz,N= 0:[15173]
	[8833-24006]

	24250 - 100000 MHz
	[24250.08] MHz+N*[17.28]MHz, N= 0:[4383]
	[24007 – 28390]




With the current working assumption X=1, the frequency range of indication is summarized as follows:
· 0 – 2650 MHz: the indication range is about [-4.8MHz, 4.8MHz]
· 2400-24250 MHz: the indication range is about [-23.04MHz, 23.04MHz]
· 24250 – 100000 MHz: the indication range is about [-276.48MHz, 276.48MHz]
The bandwidth of NR operating band within the frequency band is summarized as follows:
· 0 – 2650 MHz: bandwidth is about [30MHz, 70MHz]
· 2400-24250 MHz: bandwidth is about [194MHz, 900MHz]
· 24250 – 100000 MHz: bandwidth is about 3000MHz
For an operator, some carriers may be used as secondary cell for traffic offloading, where there is no cell-defining SSB located on. Therefore, it is better that the indication range can cover the bandwidth of a carrier. Then UE can skip the searching on the carrier.
As can be seen above, the indication range will only cover about 20% of the bandwidth of a NR band. For band n41, the percentage is lower up to only about 5%. In most cases, the bandwidth of a carrier used by an operator will exceed the above percentage for a band. The current indication range is too small to cover a bandwidth of a carrier. 
Furthermore, even though the indication range is [, the actual maximum number of sync raster for a UE to skip searching is only  or, if UE is assumed to search SSB in the order of frequency. That is, if UE searches the SSB from low frequency to high frequency, the indication range of [ is not helpful, since UE has searched this range and no cell-defining SSB is found. Therefore, the effective indication range is further reduced.
As discussed above, the current working assumption of X=1 will restrict the indication range within which there is no cell-defining SS/PBCH. Larger step size X should be considered to optimize the SSB searching of UE. In our view, X=4 can be considered to cover 50% to 80% of the bandwidth for different operating band. 
Proposal 1: The step size X=4 is accepted for the range indication where there is no cell-defining SS/PBCH.



The mapping between the combination of and RMSI-PDCCH-Config to  is illustrated as follows.


Table 2: Mapping between the combination of and RMSI-PDCCH-Config to  for FR1
	

	RMSI-PDCCH-Config
	


	24
	0, 1, …, 255
	1, 2, …, 256

	25
	0, 1, …, 255
	257, 258, …, 512

	26
	0, 1, …, 255
	513, 514, …., 768

	27
	0, 1, …, 255
	-1, -2, …, -256

	28
	0, 1, …, 255
	-257, -258, …, -512

	29
	0, 1, …, 255
	-513, -514, …., -768

	30
	0, 1, …, 255
	Reserved, Reserved, …, Reserved





Table 3: Mapping between the combination of and RMSI-PDCCH-Config to  for FR2
	

	RMSI-PDCCH-Config
	


	12
	0, 1, …, 255
	1, 2, …, 256

	13
	0, 1, …, 255
	-1, -2, …, -256

	14
	0, 1, …, 255
	Reserved, Reserved, …, Reserved





The minimum GSCN offset is 1. As shown in the table 1, the interval of sync raster is smaller than the bandwidth of SS block. Actually, network is not preferred to configure the SSBs transmission with adjacent sync raster, since they have overlapping in frequency domain. Therefore, the =1 is not a feasible value in the mapping table 2 and 3. The interval between the sync raster of reference SSB and the indicated sync raster should be larger than the bandwidth of SS block. This issue was mentioned in our previous contribution in last meeting [3]. The minimum is preferred to be, where  is SCS of SSB,  is sync raster interval for a frequency range, as defined in [2]. Then the table 2 and 3 can be changed to table 4 and 5, respectively. 



Table 4: Mapping between the combination of and RMSI-PDCCH-Config to  for FR1
	

	RMSI-PDCCH-Config
	


	24
	0, 1, …, 255
	, …, 255

	25
	0, 1, …, 255
	+256, …, +511

	26
	0, 1, …, 255
	+512, …, +767

	27
	0, 1, …, 255
	-, …, --255

	28
	0, 1, …, 255
	--256, …, --511

	29
	0, 1, …, 255
	--512, …., --767

	30
	0, 1, …, 255
	Reserved, Reserved, …, Reserved





Table 5: Mapping between the combination of and RMSI-PDCCH-Config to  for FR2
	

	RMSI-PDCCH-Config
	


	12
	0, 1, …, 255
	, …, 255

	13
	0, 1, …, 255
	-, …, --255

	14
	0, 1, …, 255
	Reserved, Reserved, …, Reserved






Proposal 2: The interval between the sync raster of reference SSB and the indicated sync raster should be larger than the bandwidth of SS block.  Table 4 and 5 are agreed to define the mapping between the combination of and RMSI-PDCCH-Config to.

Conclusion
In this contribution, the remaining details of sync raster indication scheme in PBCH is discussed. The following are proposed.
Proposal 1: The step size X=4 is accepted for the range indication where there is no cell-defining SS/PBCH.


 Proposal 2: The interval between the sync raster of reference SSB and the indicated sync raster should be larger than the bandwidth of SS block.  Table 4 and 5 are agreed to define the mapping between the combination of and RMSI-PDCCH-Config to.

References
[1] Draft_Minutes_report_RAN1#92_v020
[2] 3GPP TS38.101-f00
[3] R1-1802134 Discussion on synchronization raster indication, OPPO

image2.wmf
Offset

GSCN

N


oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

image1.wmf
SSB

k


oleObject1.bin

