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Introduction

In the RAN1 #96bis Meeting, the following objectives of the IAB work item were agreed [1].
Agreements:
· The Rel-15 SSB mapping pattern within a half frame is reused for IAB node discovery and measurements

Agreements:
For IAB node discovery and measurements, at least the following information should be provided in STC
· SSB center frequency
· SSB subcarrier spacing
· SSB transmission periodicity
· 5, 10, 20, 40, 80, 160, 320, 640 subframes are supported.
· SSB transmission timing offset in half frame(s)
· The index of SSBs to transmit 
· The SSBs to be transmitted in the half frame
· FFS configuration information other than above
· FFS some of the parameters can have default values, e.g. reuse the same value of the cell-defining SSBs.
· Note: The detailed signaling design is up to RAN3.
Agreements:
For IAB node discovery and measurements, an IAB node DU can be configured with zero, one or multiple STCs.
· FFS the maximum number of STCs
· FFS the dependency of multiple STCs
Agreements:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.



In this paper, we discuss further frequency locations of SSBs for of IAB node discovery and measurements. 
Discussion

In NR, a sync raster is introduced in order to reduce SSB initial cell search complexity by placing SSBs used for the purpose of UE cell search always on certain specific frequency locations. Table 1 and Table 2 below from [3] show the sync raster specification per operating band for FR2 frequencies. A similar table for FR1 can also be found in [3].  

Table 1: (TS 38.104 Table 5.4.3.1-1) GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz 
N= 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	22256 + N
	22256 – 26639

	NOTE:	The default value for operating bands with SCS spaced channel raster is M=3.




Table 2 (TS 38.104 Table 5.4.3.3-2): Applicable SS raster entries per operating band (FR2)
	NR Operating band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n257 
	120 kHz
	Case D
	22388 – <1> – 22558

	
	240 kHz
	Case E
	22390 – <2> – 22556

	n258
	120 kHz
	Case D
	22257 – <1> – 22443

	
	240 kHz
	Case E
	22258 – <2> – 22442

	n260 
	120 kHz
	Case D
	22995 – <1> – 23166

	
	240 kHz
	Case E
	22996 – <2> – 23164

	n261
	120 kHz
	Case D
	22446 – <1> – 22492

	
	240 kHz
	Case E
	22446 – <2> – 22490

	NOTE 1:	SS Block pattern is defined in section 4.1 in [4].



The SS block patterns Case D and Case E are described in [4] as:
· Case D – 120khz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4,8,16,20}+28n. For carrier frequencies larger than 6GHz, n=0,1,2,3,5,6,7,8,10,11,12,13,15,16,17,18
· Case E – 240khz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {8,12,16,20,32,36,40,44}+56n. For carrier frequencies larger than 6GHz, n=0,1,2,3,5,6,7,8

As can be seen, for FR2 the step size between two adjacent sync raster frequencies is 17.28MHz; the total number of sync raster points per operation band is summarized in Table 3.

Table 3: The total number of sync raster points per operation band (FR2)
	Band
	SCS [kHz]
	Block pattern
	min [MHz]
	Max [MHz]
	# sync raster points

	N257
	120
	D
	26531.04
	29468.64
	171

	N257
	240
	E
	26565.60
	29434.08
	84

	N258
	120
	D
	24267.36
	27481.44
	187

	N258
	240
	E
	24284.64
	27464.16
	93

	N260
	120
	D
	37020.00
	39974.88
	172

	N260
	240
	E
	37037.28
	39940.32
	85

	N261
	120
	D
	27533.28
	28328.16
	47

	N261
	240
	E
	27533.28
	28293.60
	23



In the IAB case, after the IAB initial access stage and the RRC connection establishment, the DU part of the IAB node is configured and becomes active in the 2nd and 3rd phase of the IAB-node integration [2]. During the IAB-node set up, the DU is configured to transmit SSBs for UE initial access and measurement as well as for IAB-MT initial access. The DU should also transmit SSBs for inter-IAB-node discovery and measurements. During the IAB study item [2], the need for enhancements to Rel-15 SSBs was recognized and so-called Type-B SSB for node discovery and measurement was defined. The basic design principle of these new SSBs are
· Eliminate the impact to UE cell search
· Enable IAB inter-node measurement without violating the half duplex constraint
It has been agreed that Type-B SSBs should be located off sync raster and time-wise orthogonal to Rel-15 initial access SSBs. In principle, off sync raster means any frequency raster which does not coincide with the sync raster. However, we think there are some benefits to specify the frequency positions of Type-B SSBs, and thereby define an IAB-specific additional sync raster. Introducing an IAB sync raster could enable automated inter-IAB-node discovery which may adapt a similar procedure as UE cell search. Among all frequencies, there are certain more advantageous locations to place Type-B SSBs. For example, a preferred frequency position should be maximally away from the Rel-15 sync raster frequencies in order to reduce faulty detection when a UE performs initial cell search, at least to minimize impact on. Especially, the overlapping bandwidth part with PSS/SSS signals should be minimized. As specified in [5], each SS block consists of 240 subcarriers which corresponds to 28.8MHz and 57.6MHz for 120khz and 240khz subcarrier spacing, respectively. The primary and secondary synchronization signals (PSS, SSS) occupy 127 subcarriers, corresponding to 15.24MHz and 30.48MHz for 120khz and 240khz subcarrier spacing, respectively. Considering a sync raster has a step size of 17.28MHZ for 120kHz SCS (34.56MHz step size for 240kHz SCS), the best center frequency location for a Type-B SSB will be right in between two adjacent Rel.15 sync raster. The new SSB frequency positions should have similar flexibility in the frequency allocation as for Rel-15 SSBs. Therefore, we propose to introduce IAB-specific additional sync raster frequencies in the middle of two adjacent Rel-15 sync raster frequencies. For example, for FR2 assuming 120kHz SCS, the IAB-specific sync raster frequencies for SSB for node discovery and measurement should be determined by 24250.08MHz + F_offset + N * 17.28 MHz with N in the range of N= 0:(4383-1) and F_offset=17.28MHz / 2.
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Conclusion
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Proposal 1	Introduce IAB-specific sync raster for SSB-based node discovery and measurement. The IAB sync raster frequency points should be located in the middle of two adjacent Rel-15 sync raster frequencies as defined in [3] (TS 38.104).
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