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1 Introduction
A study item on NR based access to unlicensed spectrum has been concluded in RAN#82 plenary in December 2018  [1]. At the same time, a new WI has been approved on NR-U in 5 and 6 GHz [2] which involves RAN4. According to the WID, the RF and RRM core work will start from RAN4#90 (February 2019) and RAN4#90bis (April 2019), respectively. The core part of the WI is scheduled to be completed by RAN4#93 (November 2019). 
In this paper, we present our view on the- SSB raster of NR-U with the additional consideration of wideband  (>20MHz) operation for 5GHz band.
2 Discussion
RAN1 agreement

Agreement: 

· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.

· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block

· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 

Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)

· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 

· each block spans contiguous (one or) multiple successful LBT sub-bands

· each gap spans one or multiple contiguous unsuccessful LBT sub-bands

· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur

· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)

· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands

· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure

· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.

· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.
RAN1#97: Below is excerpt from RAN1 chairman notes.
R1-1907884
[DRAFT] LS to RAN4 on impact of sync raster placement for NR-U in RAN1
Qualcomm
Decision: The final LS is approved in R1-1907896 with the main body of the LS changed to the following:

“RAN1 understands RAN4 is discussing the sync raster design for NR-U band in 5GHz with the options of placing the sync raster either in approximately the middle of each 20MHz channel, or at approximately the edge of each 20MHz channel. RAN1 evaluated the impact to RAN1 if either of the options are adopted in RAN4.

From a RAN1 perspective, in unlicensed bands, where the DL initial BWP is nominally 20 MHz, RAN4 decisions on sync raster points have consequences on RAN1 design. RAN1 has discussed these consequences. 

· If a SSB is not close to the edge, the number of RBs available to carry SIB1 would be limited although further enhancement to introduce rate matching around the SSBs to address this limitation are being discussed in RAN1

· If a SSB is close to the edge, the number of RBs available to carry SIB1 would be less limited although whether or not further enhancement to introduce rate matching around the SSBs is needed is being discussed in RAN1”

SSB Raster
In LTE, when the UE first time enters to an operator coverage area, the initial cell search for the synchronization signal (SS) is carried out based on PSS/SSS, the SS signal is located at center of the carrier, so to find SS signal, UE needs to search all the possible location of the LTE carrier which is based on 100kHz channel raster design. To improve the initial cell search performance, NR has decoupled the rasters related to SS signal search and channel raster design with introducing SSB raster on top of the channel raster. In NR, the SSB raster is designed on a sparser raster than channel raster. Once UE finds the SSB, it will read the system information to get the relative frequency position within a carrier so the NR carrier position will be derived. 
In [1], the different scenario as below will be considered in the R16 WI. 
This work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 

· NR-U SCell may have both DL and UL, or DL-only.

· In this scenario, NR PCell is connected to 5G-CN.

· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 

· Scenario C: Stand-alone NR-U

· In this scenario, NR-U is connected to 5G-CN.

· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).

· In this scenario, NR-U is connected to 5G-CN.

· Scenario E: Dual connectivity between licensed band NR and NR-U. 

· In this scenario, PCell is connected to 5G-CN.

In addition to license-assisted mode, there is a standalone (SA) mode also specified in NR-U WI objective, namely scenario C and D. It means the UE need to search on SSB at unlicensed spectrum in the SA mode. In the rest discussion, so it will benefit the UE searching time if the SSB raster points in current NR R15 spec could be further reduced.
There are several factors to consider for the SSB and channel raster for NR-U SA operation mode:

1. Subcarrier alignment for the SSB raster and channel raster which allow the single FFT operation; 
2. Wide band operation with bandwidth larger than 20MHz.
3. Reuse the NR design for reducing the implementation and spec complexity.

4. Optimize the UE cell search performance with limited SSB raster considering the LBT failure

5. Co-existing with LTE LAA and wifi

6. Carrier aggregation operation

7. Other RAN1 ongoing discussion related to SSB raster design

The principle of the SSB and channel design should be reused from NR so the implementation and specification effort would be minimized. This also imply the SSB raster and channel raster will be subcarrier aligned.

Proposal-1: reuse the NR SSB raster design concept. 
RAN1 design impact on SSB raster

In the SI phase [1], it was agreed that inclusion of CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) in the NR-U DRS is beneficial and how to multiplex the SSB block and RMSI in an efficient way is discussed in [3]. 
To maximize the SIB1 payload and reuse as much as possible from R15 NR design, it is beneficial to arrange the SSB block at the edge of the channel, so that more continuous RB can be left to PSDCH to carry the SIB1. This is illustrated in Figure 1 [3].
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Figure 1: DRS with FDM multiplexing PDSCH carrying SIB1 and a single SS/PBCH block with some protection gap (Y and Z) on either side of the SS/PBCH block.

Observation 1   The SSB raster should be placed such that the SS/PBCH block is near the edge of the channel. This allows the PRB allocation can be maximized for PDSCH carrying SIB1 payload within a DRS.
In [5], LS has stated some potential SSB raster placement impact on RAN1 design and have a preference to place the SSB at the 20MHz channel edge.
According to RAN1 agreement below, UE can assume the 30kHz SCS for SSB for 5GHz band, so to reduce the searching time further, it will be preferred if SSB with SCS=30kHz only specified for NR-U stand alone mode. 

Agreement: 

· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.

Proposal-3: Design SSB raster with SCS=30kHz only for NR-U.
Below is the RAN1 agreement, this means the SCS of Coreset#0 will be same with SSB SCS.
Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.

· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS
With the above consideration, the case is considered to design the SSB raster as below:
1. CORESET SCS=30kHz and SSB SCS=30kHz, the SSB Block BW= 20 PRB. RMSI CORESET BW=48 PRB

Below is to investigate if it is possible to place the SSB near the 20MHz channel edge so for the continuous allocation of PSDCH carrying the SIB1 payload.
The procedure to find such SSB position:

1. The lowest frequency location fmin is computed as:

fmin = Fc –  (NRB/2 -NRBSS/2)*Δf*NRERB = Fc- (53-10)*0.18
2. For the first possible raster location, Nmin is the smallest integer satisfying
Nmin>= (fmin – FFR_low )/ΔFraster

Fc is the center frequency of the 20MHz channel [4]. NRB is the total PRB for SCS=30kHz and 20MHz listed in (Table 5.3.2-1 in 38.104), i.e., 51 PRBs. NRBSS is the SSB PRB size (20 PRBs), Δf is the SCS and NRERB is the number of subcarriers per PRB. FFR_low is the low frequency limit for frequeny range in Table 5.4.3.1-1 in 38.104, here FFR_low =3000MHz. ΔFraster is 1.44MHz in the same table.
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Figure 2: SSB block placement offset to the channel edge 
As shown in Figure 2 and calculated in Table 2 to Table 4, the SSB frequency position could be selected from the NR SSB raster set from NR with the condition that selected SSB frequency position should be as close as possible to the channel edge.  The GSCN point for this case is listed in Table 2 to Table 4.
Observation 2    It is possible to place SSB point near the channel edge with the maximum 3 PRB offset to resource block left edge. 
From the calculation, it can be observed that the GSCN points for 80MHz coincide with the GSCN point for 40MHz and the GSCN points for 40MHz coincide with the GSCN point for 20MHz. The GSCN points for 20MHz channel can be reused mostly for 40MHz and 80MHz channel. There is one GSCN point (9458) which not coincide with 20MHz and 40MHz (GSCN point of 9457), RAN4 may need to consider if further optimization is needed.
Observation 3    most of SSB points for 20MHz channel can be reused for 40MHz and 80MHz channel.
Proposal 2:    RAN4 need to consider if one GSCN point 9458 (for 80MHz) and 9457 (for 20 MHz and 40MHz) should be further optimized.
Table 2: GSCN and SSB raster near the 20MHz channel edge for SCS=30kHz case
	WIFI channel center frequency
	Fn on raster
	Nref
	Resource block left edge 
	Proposed GSCN
	SS block frequency position SSREF

	5160
	5160.0000
	744000
	5150.8200
	8996
	5155.68

	5180
	5180.0100
	745334
	5170.8300
	9010
	5175.84

	5200
	5199.9900
	746666
	5190.8100
	9023
	5194.56

	5220
	5220.0000
	748000
	5210.8200
	9037
	5214.72

	5240
	5240.0100
	749334
	5230.8300
	9051
	5234.88

	5260
	5259.9900
	750666
	5250.8100
	9065
	5255.04

	5280
	5280.0000
	752000
	5270.8200
	9079
	5275.20

	5300
	5300.0100
	753334
	5290.8300
	9093
	5295.36

	5320
	5319.9900
	754666
	5310.8100
	9107
	5315.52

	5340
	5340.0000
	756000
	5330.8200
	9121
	5335.68

	5480
	5480.0100
	765334
	5470.8300
	9218
	5475.36

	5500
	5499.9900
	766666
	5490.8100
	9232
	5495.52

	5520
	5520.0000
	768000
	5510.8200
	9246
	5515.68

	5540
	5540.0100
	769334
	5530.8300
	9260
	5535.84

	5560
	5559.9900
	770666
	5550.8100
	9273
	5554.56

	5580
	5580.0000
	772000
	5570.8200
	9287
	5574.72

	5600
	5600.0100
	773334
	5590.8300
	9301
	5594.88

	5620
	5619.9900
	774666
	5610.8100
	9315
	5615.04

	5640
	5640.0000
	776000
	5630.8200
	9329
	5635.20

	5660
	5660.0100
	777334
	5650.8300
	9343
	5655.36

	5680
	5679.9900
	778666
	5670.8100
	9357
	5675.52

	5700
	5700.0000
	780000
	5690.8200
	9371
	5695.68

	5720
	5720.0100
	781334
	5710.8300
	9385
	5715.84

	5745
	5745.0000
	783000
	5735.8200
	9402
	5740.32

	5765
	5765.0100
	784334
	5755.8300
	9416
	5760.48

	5785
	5784.9900
	785666
	5775.8100
	9430
	5780.64

	5805
	5805.0000
	787000
	5795.8200
	9444
	5800.80

	5825
	5825.0100
	788334
	5815.8300
	9457
	5819.52

	5845
	5844.9900
	789666
	5835.8100
	9471
	5839.68

	5865
	5865.0000
	791000
	5855.8200
	9485
	5859.84

	5885
	5885.0100
	792334
	5875.8300
	9499
	5880.00

	5905
	5904.9900
	793666
	5895.8100
	9513
	5900.16


Table 3: GSCN and SSB raster near the 40MHz channel edge for SCS=30kHz case

	WIFI channel center frequency
	Fn on raster
	Nref
	Resource block left edge
	Proposed GSCN
	SS block frequency position SSREF

	5170
	5169.9900
	744666
	5150.91
	8996
	5155.68

	5190
	5190.0000
	746000
	5170.92
	9010
	5175.84

	5230
	5229.9900
	748666
	5210.91
	9037
	5214.72

	5270
	5270.0100
	751334
	5250.93
	9065
	5255.04

	5310
	5310.0000
	754000
	5290.92
	9093
	5295.36

	5510
	5510.0100
	767334
	5490.93
	9232
	5495.52

	5550
	5550.0000
	770000
	5530.92
	9260
	5535.84

	5590
	5589.9900
	772666
	5570.91
	9287
	5574.72

	5630
	5630.0100
	775334
	5610.93
	9315
	5615.04

	5670
	5670.0000
	778000
	5650.92
	9343
	5655.36

	5710
	5709.9900
	780666
	5690.91
	9371
	5695.68

	5755
	5754.9900
	783666
	5735.91
	9402
	5740.32

	5795
	5795.0100
	786334
	5775.93
	9430
	5780.64

	5835
	5835.0000
	789000
	5815.92
	9457
	5819.52

	5875
	5874.9900
	791666
	5855.91
	9485
	5859.84


Table 4: GSCN and SSB raster near the 80MHz channel edge for SCS=30kHz case

	WIFI channel center frequency
	Fn on raster
	Nref
	Resource block left edge
	Proposed GSCN
	SS block frequency position SSREF

	5210
	5210.0100
	747334
	5170.95
	9010
	5175.84

	5290
	5289.9900
	752666
	5250.93
	9065
	5255.04

	5530
	5529.9900
	768666
	5490.93
	9232
	5495.52

	5610
	5610.0000
	774000
	5570.94
	9287
	5574.72

	5690
	5690.0100
	779334
	5650.95
	9343
	5655.36

	5775
	5775.0000
	785000
	5735.94
	9402
	5740.32

	5855
	5855.0100
	790334
	5815.95
	9458
	5820.96


Because the UE cell searching time can be impacted by number of SSB raster size in 5GHz band, it is recommended that considering only channel edge SSB placement within a NR-U channel. This is based on consideration of the SSB performance at channel middle or edge not deviate too much [6] and also the benefit from RAN1 [5]
Proposal-3: Considering only SSB placement near the channel edge for 5GHz band.
Proposal-4: GSCN set (8996,9010,9023,9037,9051,9065,9079,9093,9107,9121,9218,9232,9246,9260,9273,9287,9301,9315,9329,9343,9357,9371,9385,9402,9416,9430,9444,9457, 9458, 9471,9485,9499,9513) is adopted for NR-U 5GHz band.

The decision on the SSB raster need to be informed to RAN1 so LS to RAN1 is suggested.
Proposal-5: LS to RAN1 with the RAN4 decision on the GSCN point will be needed.
,
“RAN4 investigate the possibility of the placing the SSB raster at 20MHz channel edge and has made below agreement:
GSCN set (8996,9010,9023,9037,9051,9065,9079,9093,9107,9121,9218,9232,9246,9260,9273,9287,9301,9315,9329,9343,9357,9371,9385,9402,9416,9430,9444,9457, 9458, 9471,9485,9499,9513) is adopted for NR-U 5GHz band.”

3 Conclusions

In this contribution, we have provided our view on SSB raster design issue for 5GHz unlicensed band with below observation and proposal:
Proposal-1: reuse the NR SSB raster design concept. 
Observation 1   The SSB raster should be placed such that the SS/PBCH block is near the edge of the channel. This allows the PRB allocation can be maximized for PDSCH carrying SIB1 payload within a DRS.

Observation 2    It is possible to place SSB point near the channel edge with the maximum 3 PRB offset to resource block left edge. 

Observation 3    SSB points for 20MHz channel can be reused for 40MHz and 80MHz channel.

Proposal 2:    RAN4 need to consider if one GSCN point 9458 (for 80MHz) and 9457 (for 20 MHz and 40MHz) should be further optimized.
Proposal-3: Considering only SSB placement near the channel edge for 5GHz band.

Proposal-4: GSCN set (8996,9010,9023,9037,9051,9065,9079,9093,9107,9121,9218,9232,9246,9260,9273,9287,9301,9315,9329,9343,9357,9371,9385,9402,9416,9430,9444,9457, 9458, 9471,9485,9499,9513) is adopted for NR-U 5GHz band.

Proposal-5: LS to RAN1 with the RAN4 decision on the GSCN point will be needed.
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