[bookmark: _GoBack]3GPP TSG RAN WG4 Meeting #102-e	R4-2205988
e-Meeting, February 21 – March 3, 2022

Agenda Item:	10.16.2
Source:	Huawei, HiSilicon
Title:	Discussion on the channel raster and sync raster in FR2-2
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP TSG RAN#92-e, WI for extending current NR operation to 71 GHz was revised as following [1]:
	· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.




The following related agreements were made in RAN4 [2][3]:
	RAN4#101-e:
Band definition
Unlicensed band n263 covering 57 to 71 GHz has been agreed and introduced into specs
· n263: 57000 MHz – 71000 MHz (both UL and DL), with TDD duplex mode
Channelization
Option 1C (no IEEE 802.11ad/ay alignment and floating channelization) and Option 1D (hybrid between IEEE and no IEEE alignment with fixed channelization) will be evaluated in the next RAN4 meeting based on:
· Number of sync raster entries and cell searching complexity
· Support of CA in this frequency range
· Whether flexibility is needed for minimum channel bandwidth, and how much it benefits system performance
· Co-existence with IEEE channels (find out whether there is similar activity in IEEE)
· Whether to consider and how to ensure future proof for adding new frequency bands or channel bandwidth
· Other aspects are not precluded 
If no agreement is reached in the next RAN4 meeting, different channelizations will be considered for licensed and unlicensed bands
RAN4#101b-e:

Agreement: Consider the different channelization for licensed band(s) and unlicensed band(s)
· Fixed sync raster for unlicensed bands
· Fixed scheme should not be constrained by IEEE channel raster
· Send LS to RAN1 to make sure that RAN1 accommodates the solution already now for both fixed and floating sync raster.
· For the contiguous carrier aggregation, the channel spacing of adjacent channels should be multiple of the larger SCS, i.e., 960KHz, used by two channels/CCs
· Floating sync raster for licensed bands
· Stick to the agreement last meeting for 3 x 17.28MHz as the minimum granularity.
· Refer to gap between adjacent GSCN values is not smaller than 3 x 17.28MHz 
· FFS: Unlicensed bands tries to use the sub-set of sync raster for licensed bands




This contribution provides our views and proposals about channel raster and sync raster for unlicensed band n263 and the possible licensed band in 66-71 GHz spectrum. This is the revision of [4].
Channel raster for licensed/unlicensed band
There is 14GHz contiguous spectrum in unlicensed band n263. The channelization design should be flexible enough to support NR operation with different channel bandwidths and numerologies. The current ARFCN for 24.25 GHz~100 GHz with 60 kHz step size can be considered as the starting point for the raster design.
For licensed band of 66.0~71.0 GHz, floating channel raster similar as FR2-1 is preferred. The proposed channel raster for the licensed band is as follows and also summarized in Table 1: 
· For 120 kHz SCS, the minimum channel bandwidth is 100MHz. For NREF=2713332, the corresponding frequency is 66049.98 MHz which could be used as the as the lowest center frequency for a 100 MHz channel bandwidth. For NREF=2794998, the corresponding frequency is 70949.94 MHz which could be used as the highest center frequency for a 100MHz channel bandwidth.
· For 480/960 kHz SCS, the minimum channel bandwidth is 400MHz. For NREF=2715832, the corresponding frequency is 66199.98 MHz which could be used as the as the lowest center frequency for a 400 MHz channel bandwidth. For NREF=2792504, the corresponding frequency is 70800.3 MHz which could be used as the highest center frequency for a 400 MHz channel bandwidth.
Table 1: Applicable NR-ARFCN for band 66~71 GHz
	Operating Band
	ΔFRaster
(kHz) 
	Uplink and Downlink
Range of NREF
(First – <Step size> – Last)

	nxxx
	120
	2713332– <2> – 2794998

	
	480
	2715832 – <8> – 2792496

	
	960
	2715832 – <16> – 2792504



Proposal 1: For licensed band, support floating channelization with 120/480/960 kHz step gap for 120/480/960kHz SCS respectively. The corresponding ARFCN are given in Table 1. 
For unlicensed band n263, considering the minimum channel bandwidth is 100MHz, it is beneficial to divide the whole 14GHz spectrum into 140 non-overlapped 100MHz channels in order to facilitate intra/inter RAT interference mitigation. The 100MHz channel(s) that overlap with the 2.16GHz channel boundaries of 802.11ad/ay can be skipped if the alignment with 802.11ad/ay channelization is expected although we do not see a strong motivation. Raster locations close to 100MHz steps could be chosen from the ARFCN set for n263 because 100MHz is not divisible by the 60 kHz raster in the current ARFCN. We suggest to choose 99.84 MHz = 1664*60 kHz as the raster step for 100MHz channel bandwidth. For 200 MHz channel bandwidth, 2*99.84 MHz = 3328*60 kHz is used as the channel raster gap. For channel band width equal or larger than 400 MHz, 4*99.84 = 6656*60 kHz is used as the channel raster gap. The channel raster design for unlicensed band will follow the principle that the channel raster of unlicensed band in the overlapping frequency range with licensed band (66-71GHz) is a subset of the channel raster of licensed band, while the lowest frequency of the channel bandwidth is as close as to 57 GHz.
Our proposed channelization for n263 is as follows and summarized in Figure 1 and Table 2: 
· For NREF=2563334, the corresponding frequency is 57050.46 MHz which could be used as the as the lowest center frequency for a 100MHz channel bandwidth. For NREF=2794908, the corresponding frequency is 70944.48 MHz which could be used as the highest center frequency for a 100MHz channel bandwidth. 
· For NREF=2564166, the corresponding frequency is 57000.02 MHz which could be used as the as the lowest center frequency for a 200MHz channel bandwidth. For NREF=2793798, the corresponding frequency is 70877.94 MHz which could be used as the highest center frequency for a 200MHz channel bandwidth. 
· For NREF=2565832, the corresponding frequency is 57199.98 MHz which could be used as the as the lowest center frequency for a 400MHz channel bandwidth. For NREF=2792136, the corresponding frequency is 70778.22 MHz which could be used as the highest center frequency for a 400MHz channel bandwidth. 
· For NREF=2569164, the corresponding frequency is 57399.9 MHz which could be used as the as the lowest center frequency for an 800MHz channel bandwidth. For NREF=2788812, the corresponding frequency is 70578.78 MHz which could be used as the highest center frequency for an 800MHz channel bandwidth. 
· For NREF=2575832, the corresponding frequency is 57799.98 MHz which could be used as the as the lowest center frequency for a 1600MHz channel bandwidth. For NREF=2782168, the corresponding frequency is 70180.14 MHz which could be used as the highest center frequency for a 1600MHz channel bandwidth. 
· For NREF=2579164, the corresponding frequency is 57999.92 MHz which could be used as the as the lowest center frequency for a 2000MHz channel bandwidth. For NREF=2778884, the corresponding frequency is 69980.7 MHz which could be used as the highest center frequency for a 2000MHz channel bandwidth. Table 2: Applicable NR-ARFCN for band 57~71 GHz
	Channel Bandwidth
	Allowed NREF
(First – <Step size> – Last)

	100 MHz
	2563334 – <1664> – 2794908

	200 MHz
	2564166 – <3328> – 2793798

	400 MHz
	2565832 – <6656> – 2792136

	800 MHz
	2569164 – <6656> – 2788812

	1600 MHz
	2575832 – <6656> – 2782168

	2000 MHz
	2579164 – <6656> – 2778844
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Figure 1. High level description of channel raster for unlicensed band 
[bookmark: _Ref77337561]Proposal 2: For the unlicensed band n263, support fixed channelization. For 100MHz or 200MHz channel bandwidth, the gap between two adjacent channels is about 100MHz or 200 MHz respectively. For channel bandwidth not smaller than 400MHz, the gap between two channel rasters is about 400MHz. the corresponding ARFCN are given in Table 2.
Sync raster for licensed/unlicensed band
[bookmark: _Ref71391988][bookmark: _Ref129681832]The global synch raster introduced in 38.101-2 can be used as the starting point to design SS raster entries for FR2-2.  For licensed band of 66~71 GHz, to reduce the SSB search complexity, we propose to support 3*17.28 MHz SS raster steps for 120 kHz SCS sync raster. For 480 kHz SCS sync raster step, considering the SSB bandwidth of 480 kHz is 4 times than that of 120 kHz, 4*3*17.28 MHz will be adopted. For GSCN = 24675, the corresponding frequency is 66050.4 MHz which could be used as the as the center frequency of the lowest 120 kHz SSB. For GSCN = 24960, the corresponding frequency is 70940.88 MHz which could be used as the center frequency of the highest 120 kHz SSB. For GSCN = 24684, the corresponding frequency is 66205.92 MHz which could be used as the as the center frequency of the lowest 480 kHz SSB. For GSCN = 24948, the corresponding frequency is 70767.84 MHz which could be used as the center frequency of the highest 480 kHz SSB. The sync raster for licensed band is summarized in Table 3.
Table 3: Applicable SS raster entries for 66~71 GHz
	NR Operating Band
	SS Block SCS
	Range of GSCN
(First – <Step size> – Last)

	Nxxx
	120 kHz
	24675 - <3> - 24960

	
	480 kHz
	24684 - <12> - 24948



For unlicensed band of n263 spanning 14 GHz, reusing the 17.28 MHz SS raster step size in FR2-1 bands results in a prohibitive initial search complexity. A simple approach to reduce such complexity is to down-select some of the GSCN values for SS raster entries. For 120 (480) kHz SCS, SSB occupies 28.8 (115.2) MHz and the minimum channel bandwidth is 100 (400) MHz. We propose to support 2 candidate SSB positions per unit of 100 (400) MHz channel bandwidth for 120 (480) kHz SCS. An example is plotted in figure 2. Detail GSCN for 120kHz and 480kHz SSB are provided in Table 4 and Table 5 in the appendix. 
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Figure 2. High level description on selection of GSCN locations unlicensed band for 100/400MHz channels.
Based on Table 3, Table 4 and Table 5, the total number of unique sync raster for both licensed and unlicensed band with 120 kHz SCS SSB and 480 kHz SCS SSB is 345 + 89 = 434 which is under the limit of 665 given by the WID.
Proposal 3: For 66~71 GHz licensed band, support candidate SS raster in Table 3 for 120 kHz and 480 kHz SCS. For n263 unlicensed band, support candidate SS raster in Table 4 and Table 5 for 120 kHz and 480 kHz SCS, respectively.
Conclusions
This contribution provides our view about the design of channel raster and sync raster for band n263 and unlicensed band, following proposals are made:
Proposal 1: For licensed band, support floating channelization with 120/480/960 kHz step gap for 120/480/960kHz SCS respectively. The corresponding ARFCN are given in Table 1.
Proposal 2: For the unlicensed band n263, support fixed channelization. For 100MHz or 200MHz channel bandwidth, the gap between two adjacent channels is about 100MHz or 200 MHz respectively. For channel bandwidth not smaller than 400MHz, the gap between two channel rasters is about 400MHz. the corresponding ARFCN are given in Table 2.
Proposal 3: For 66~71 GHz licensed band, support candidate SS raster in Table 3 for 120 kHz and 480 kHz SCS. For n263 unlicensed band, support candidate SS raster in Table 4 and Table 5 for 120 kHz and 480 kHz SCS, respectively.
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Appendix.
Table 4   Sync Raster for 120 kHz SSB in 57GHz-71GHz (SSREF = 24250.08 MHz + Sync Raster *17.28 MHz)
	Bandwidth
	Sync Raster
	Bandwidth
	Sync Raster
	Bandwidth
	Sync Raster
	Bandwidth
	Sync Raster

	57.0-57.1
	1897,1900
	60.5-60.6
	2099,2102
	64.0-64.1
	2302,2305
	67.5-67.6
	2504,2507

	57.1-57.2
	1903,1905
	60.6-60.7
	2105,2108
	64.1-64.2
	2308,2310
	67.6-67.7
	2510,2513

	57.2-57.3
	1908,1911
	60.7-60.8
	2111,2114
	64.2-64.3
	2313,2316
	67.7-67.8
	2516,2519

	57.3-57.4
	1914,1917
	60.8-60.9
	2117,2119
	64.3-64.4
	2319,2322
	67.8-67.9
	2522,2525

	57.4-57.5
	1920,1923
	60.9-61.0
	2122,2125
	64.4-64.5
	2325,2328
	67.9-68
	2527,2530

	57.5-57.6
	1926,1928
	61.0-61.1
	2128,2131
	64.5-64.6
	2331,2334
	68.0-68.1
	2533,2536

	57.6-57.7
	1931,1934
	61.1-61.2
	2134,2137
	64.6-64.7
	2337,2339
	68.1-68.2
	2539,2542

	57.7-57.8
	1937,1940
	61.2-61.3
	2140,2143
	64.7-64.8
	2342,2345
	68.2-68.3
	2545,2548

	57.8-57.9
	1943,1946
	61.3-61.4
	2146,2148
	64.8-64.9
	2348,2351
	68.3-68.4
	2551,2553

	57.9-58.0
	1949,1952
	61.4-61.5
	2151,2154
	64.9-65.0
	2354,2357
	68.4-68.5
	2556,2559

	58.0-58.1
	1955,1957
	61.5-61.6
	2157,2160
	65.0-65.1
	2360,2363
	68.5-68.6
	2562,2565

	58.1-58.2
	1960,1963
	61.6-61.7
	2163,2166
	65.1-65.2
	2365,2368
	68.6-68.7
	2568,2571

	58.2-58.3
	1966,1969
	61.7-61.8
	2169,2172
	65.2-65.3
	2371,2374
	68.7-68.8
	2574,2577

	58.3-58.4
	1972,1975
	61.8-61.9
	2175,2177
	65.3-65.4
	2377,2380
	68.8-68.9
	2580,2582

	58.4-58.5
	1978,1981
	61.9-62.0
	2180,2183
	65.4-65.5
	2383,2386
	68.9-69.0
	2585,2588

	58.5-58.6
	1984,1987
	62.0-62.1
	2186,2189
	65.5-65.6
	2389,2391
	69.0-69.1
	2591,2594

	58.6-58.7
	1989,1992
	62.1-62.2
	2192,2195
	65.6-65.7
	2394,2397,
	69.1-69.2
	2597,2600

	58.7-58.8
	1995,1998
	62.2-62.3
	2198,2200
	65.7-65.8
	2400,2403
	69.2-69.3
	2603,2606

	58.8-58.9
	2001,2004
	62.3-62.4
	2203,2206
	65.8-65.9
	2406,2409
	69.3-69.4
	2608,2611

	58.9-59.0
	2007,2010
	62.4-62.5
	2209,2212
	65.9-66.0
	2412,2415
	69.4-69.5
	2614,2617

	59.0-59.1
	2012,2015
	62.5-62.6
	2215,2218
	66.0-66.1
	2418,2420
	69.5-69.6
	2620,2623

	59.1-59.2
	2018,2021
	62.6-62.7
	2221,2224
	66.1-66.2
	2423, 2426
	69.6-69.7
	2626,2629

	59.2-59.3
	2024,2027
	62.7-62.8
	2227,2229
	66.2-66.3
	2429,2432
	69.7-69.8
	2632,2635

	59.3-59.4
	2030,2033
	62.8-62.9
	2232,2235
	66.3-66.4
	2435,2438
	69.8-69.9
	2637,2640

	59.4-59.5
	2036,2038
	62.9-63.0
	2238,2241
	66.4-66.5
	2441,2444
	69.9-70.0
	2643,2646

	59.5-59.6
	2041,2044
	63.0-63.1
	2244,2247
	66.5-66.6
	2446,2449
	70.0-70.1
	2649,2652

	59.6-59.7
	2047,2050
	63.1-63.2
	2250,2253
	66.6-66.7
	2452,2455
	70.1-70.2
	2655,2658

	59.7-59.8
	2053,2056
	63.2-63.3
	2256,2258
	66.7-66.8
	2458,2461
	70.2-70.3
	2661,2663

	59.8-59.9
	2059,2062
	63.3-63.4
	2261,2264
	66.8-66.9
	2464,2467
	70.3-70.4
	2666,2669

	59.9-60.0
	2065,2067
	63.4-63.5
	2267,2270
	66.9-67.0
	2470,2472
	70.4-70.5
	2672,2675

	60.0-60.1
	2070,2073
	63.5-63.6
	2273,2276
	67.0-67.1
	2475,2478
	70.5-70.6
	2678,2681

	60.1-60.2
	2076,2079
	63.6-63.7
	2279,2282
	67.1-67.2
	2481,2484
	70.6-70.7
	2684,2687

	60.2-60.3
	2082,2085
	63.7-63.8
	2284,2287
	67.2-67.3
	2487,2490
	70.7-70.8
	2690,2692

	60.3-60.4
	2088,2091
	63.8-63.9
	2290,2293
	67.3-67.4
	2493,2496
	70.8-70.9
	2695,2698

	60.4-60.5
	2093,2096
	63.9-64.0
	2296,2299
	67.4-67.5
	2499,2501
	70.9-71.0
	2701,2704



Table 5   Sync Raster for 480 kHz SSB in 57GHz-71 GHz(SSREF = 24250.08 MHz + Sync Raster *17.28 MHz)
	Bandwidth
	Sync Raster
	Bandwidth
	Sync Raster

	57.0-57.4
	1900,1914
	64.2-64.6
	2316,2331

	57.4-57.8
	1923,1937
	64.6-65.0
	2339,2354

	57.8-58.2
	1946,1960
	65.0-65.4
	2363,2377

	58.2-58.6
	1969,1983
	65.4-65.8
	2386,2400

	58.6-59.0
	1992,2007
	65.8-66.2
	2409,2423

	59.0-59.4
	2015,2030
	66.2-66.6
	2432,2446

	59.4-59.8
	2039,2053
	66.6-67.0
	2455,2470

	59.8-60.2
	2062,2076
	67.0-67.4
	2478,2493

	60.2-60.6
	2085,2099
	67.4-67.8
	2502,2516

	60.6-61.0
	2108,2122
	67.8-68.2
	2525,2539

	61.0-61.4
	2131,2145
	68.2-68.6
	2548,2562

	61.4-61.8
	2154,2169
	68.6-69.0
	2571,2585

	61.8-62.2
	2177,2192
	69.0-69.4
	2594,2608

	62.2-62.6
	2201,2215
	69.4-69.8
	2617,2632

	62.6-63.0
	2224,2238
	69.8-70.2
	2640,2655

	63.0-63.4
	2247,2261
	70.2-70.6
	2664,2678

	63.4-63.8
	2270,2284
	70.6-71.0
	2687,2701

	63.8-64.2
	2293,2308
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