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Work Item Description for Extending current NR operation to 71 GHz was revised in the 3GPP TSG RAN Meeting #92-e in June 2021 [1]. As part of this revision support for 480kHz SSB for initial access was included in addition to 120k.
· 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.
In RAN4#100-e meeting the discussion on channel and synchronization started and following way forward was agreed.
· For channel raster and sync raster, use Option 1C and Option 1D as starting point to seek the compromised solution. 
· Option 1A: Align with IEEE 802.11ad/ay with fixed channelization
· Option 1B: No IEEE 802.11ad/ay alignment with fixed channelization
· Option 1C: No IEEE 802.11ad/ay alignment and floating channelization.
· Option 1D: Hybrid between IEEE and no IEEE alignment with fixed channelization depending on max spectrum utilization and better coexistence. 
· Option 1E: Fixed channelization with proper channel raster granularity to consider the co-existence with IEEE 802.11ad/ay alignment if needed.

In this document we provide our views and proposal for channel and synchronization raster for 57-71GHz frequency range intended for un-licensed operation.
[bookmark: _Ref85753684]Channel raster for 57-71GHz frequency range
When defining the ARFCN raster for 57-71GHz band following points need to be considered.
1. There is 14GHz of contiguous spectrum and hence it is natural to target operation with wide bandwidth channels, 2GHz, while also enabling the narrower bandwidth transmission, like 100MHz, to boost the coverage
2. In order to support the wide bandwidths and wide-band operation as in NRU the channel raster and SCS raster with highest SCS, which is 960k in this case, should be aligned. 
3. In order to support co-existence with other wide band systems operating within the same frequency range, like 802.11ad and 802.11ay, the ARFCN should enable the positioning of the NR channels in a way that NR-channel does not overlap with two 802.11ad or 802.11ay channels.
4. Channel raster design shall support maximal spectrum utilization and minimize the overall system complexity also including the test and verification aspects.

Proposal#1:
In order to address the targets above following proposal is made.
1. As minimum supported channel bandwidth is 100MHz, the ARFCN is defined in a way that there is a raster location with about 50MHz steps between ~57 050MHz and ~70 950MHz. This enables supporting all channel bandwidths in a way that results in maximal band utilization, which is also illustrated in Figure 1.
2. Channel raster starting point is selected in a way that starting frequency is as close to 57 050MHz as possible. 
a. NREF= 2 563 333 corresponds to frequency of 57 050.40MHz, which is 40kHz above the target of 57 050.00MHz.
3. As 50MHz is not divisible with 960kHz the raster is based on combination of 49.92 and 50.88MHz steps. These can also be expressed as multiples of 60kHz, which is the basis for the global raster in existing specifications. 49.92MHz= 52*960kHz= 832*60kHz and 50.88MHz= 53*960kHz= 848*60kHz.
4. In order to minimize the delta between 50MHz mathematical raster and 49.92 and 50.88MHz steps there is a need to take 11x 49.92 and 1x 50.88MHz, which adds up to 600MHz and is divisible with 50MHz and then repeat this through the band. With proposed step size vector of < 832 832 832 832 832 832 848 832 832 832 832 832 > the delta between the 50MHz mathematical raster and the actual channel raster varies between -440kHz and 440kHz. The “100MHz” steps with this kind of raster are either 49.92+49.92= 99.84MHz or 49.92+50.88= 100.8MHz. Although 99.84MHz is slightly smaller than the minimum channel bandwidth of 100MHz this is not expected to cause problems with performance requirements, emissions, guards bands etc. as delta is small (only about 1 SC with 120kHz SCS) and for FR2-2 SU smaller than what is currently used (~95%) has also been discussed. 
5. Channel raster end-point becomes 70 949.88MHz, which is 120kHz lower than the target of 70 950.00MHz and number of channel raster entries is 279.
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[bookmark: _Ref85745558]Figure 1. ~50MHz channel raster to support all bandwidths with maximal band utilization 

This proposal can also be presented using the similar approach as in 38.101-2 table 5.3.2.3-1 as shown below.

Table 5.2-1: NR operating bands in FR2
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD

	nXXX
	57000 MHz
	–
	71000 MHz
	57000 MHz
	–
	71000 MHz
	TDD



Table 5.4.2.3-1: Applicable NR-ARFCN per operating band
	Operating Band
	ΔFRaster
(kHz) 
	Uplink and Downlink
Range of NREF
(First – <Step size> – Last)

	n257
	60
	2054166 – <1> – 2104165

	
	120
	2054167 – <2> – 2104165

	n258
	60
	2016667 – <1> – 2070832

	
	120
	2016667 – <2> – 2070831

	n260
	60
	2229166 – <1> – 2279165

	
	120
	2229167 – <2> – 2279165

	n261
	60
	2070833 – <1> – 2084999

	
	120
	2070833 – <2> – 2084999

	nXXX
	120, 480, 960
	2563333 – <NOTE1> – 2794997

	NOTE1: Step size vector with length of 12: < 832 832 832 832 832 832 848 832 832 832 832 832 >



Channel raster compatibility with other wide-band systems operated in 57-71GHz frequency range

The applicability of the proposal 1 for supporting the co-existence with 802.11ad and 802.11ay channels with channel center frequencies in Table 1 is analyzed below.

[bookmark: _Ref85466942]Table 1. 802.11ad and 802.11ay channels
	
	Channel
	Flow
	Fcenter
	Fhigh
	Channel BW
	Unit

	802.11ad
	#1
	57 240
	58 320
	59 400
	2 160
	MHz

	
	#2
	59 400
	60 480
	61 560
	2 160
	MHz

	
	#3
	61 560
	62 640
	63 720
	2 160
	MHz

	
	#4
	63 720
	64 800
	65 880
	2 160
	MHz

	
	#5
	65 880
	66 960
	68 040
	2 160
	MHz

	
	#6
	68 040
	69 120
	70 200
	2 160
	MHz

	802.11ay
	#9
	57 240
	59 400
	61 560
	4 320
	MHz

	
	#10
	59 400
	61 560
	63 720
	4 320
	MHz

	
	#11
	61 560
	63 720
	65 880
	4 320
	MHz

	
	#12
	63 720
	65 880
	68 040
	4 320
	MHz

	
	#13
	65 880
	68 040
	70 200
	4 320
	MHz



The frequency delta between the channel center frequencies of 802.11ad and 802.11ay and closest ARFCN following the proposal#1 is shown in Table 2.

[bookmark: _Ref85467932]Table 2. Channel center frequency delta between the 802.11ad/ay system and proposed raster
	 
	Channel
	Fcenter 802
	Fcenter NR
	NR ARFCN
	Delta
	Unit

	802.11ad
	#1
	58 320
	58 299,96
	2 584 165
	-20,04
	MHz

	
	#2
	60 480
	60 500,28
	2 620 837
	20,28
	MHz

	
	#3
	62 640
	62 649,72
	2 656 661
	9,72
	MHz

	
	#4
	64 800
	64 800,12
	2 692 501
	0,12
	MHz

	
	#5
	66 960
	66 949,56
	2 728 325
	-10,44
	MHz

	
	#6
	69 120
	69 099,96
	2 764 165
	-20,04
	MHz

	802.11ay
	#9
	59 400
	59 400,12
	2 602 501
	0,12
	MHz

	
	#10
	61 560
	61 549,56
	2 638 325
	-10,44
	MHz

	
	#11
	63 720
	63 699,96
	2 674 165
	-20,04
	MHz

	
	#12
	65 880
	65 900,28
	2 710 837
	20,28
	MHz

	
	#13
	68 040
	68 049,72
	2 746 661
	9,72
	MHz



As can be seen the delta between these two center frequencies varies between -20.04 and +20.28MHz, which means that it is possible to place up to 2100MHz wide NR carrier inside the 2160MHz wide 802.11ad channel. Similarly, in the case of 802.11ay, it is possible to place up to 4200MHz wide NR carrier inside the 4320MHz wide channel.
Examples for these co-existence configurations in the case of 802.11ad channels #1 and #2, which represent the positive and negative worst cases, are illustrated in the Figure 2 and Figure 3.
Observation#1:
The proposed channel raster scheme supports also co-existence with 802.11ad and 802.11ay and therefore there is no need to define additional ARFCN to avoid cases where NR channel would overlap with two 802.11ad channels.
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[bookmark: _Ref85748925]Figure 2. Alignment of NR and 802.11ad Channel #1
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[bookmark: _Ref85468212]Figure 3. Alignment of NR and 802.11ad Channel #2


SSB raster for 57 – 71GHz frequency range
A global synchronization raster defined in 38.101-2 [2] can be used as starting point also for FR2-2. The frequency range specified already covers the 57 to 71GHz frequency range and 17.28MHz step size is suitable for 100 and 400MHz minimum channel bandwidths agreed for 120kHz and 480kHz SCS respectively.

GSCN parameters for the global frequency raster and the applicable SS raster entries for existing FR2-1 bands are shown below.

With 120kHz SCS the SSB block will occupy 28.8MHz of spectrum and with 480kHz SCS SSB width will be 115.2MHz. These bandwidths for SSB and global raster of 17.28MHz make it possible to define more than one SSB location per 100 or 400MHz wide channel bandwidths, which may be beneficial for the network operation, while still “down-selects” the global raster in a way that number of the entries does not become too high. Such proposal is explained in more detail below.

[image: ]
Figure 4. High level description on selection of GSCN locations for 100MHz channels and further down-selection for 400MHz.

The down-selection of the global raster for 100MHz channels can be done with step size vector with length of 19 and values of < 6 6 6 6 6 6 6 6 4 6 6 6 6 6 6 6 6 4 6 >. In order to find two GSCN locations for each 100MHz channel two different starting points 24153 and 24154 can be used. For 480k SCS with further down-selected entries (from 100MHz locations) a step size vectors with length of 19 need to be used as described in Table 3.

[bookmark: _Ref79137611]Table 3. Example 1 for defining the SS raster entries
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	nYYY
57-71GHz

	120kHz
	
	24153 < NOTE2 > 24959
24154 < NOTE2 > 24960

	
	480kHz
	
	24159 < NOTE3 > 24947
24165 < NOTE4 > 24953

	NOTE1: SS Block pattern is defined in sub clause 4.1 in TS 38.213 [10]
NOTE2: Step size vector with length of 19: < 6 6 6 6 6 6 6 6 4 6 6 6 6 6 6 6 6 4 6 >
NOTE3: Step size vector with length of 19: < 24 22 24 24 22 24 22 24 22 24 24 22 24 22 24 24 22 24 22 >
NOTE4: Step size vector with length of 19: < 24 22 24 22 24 24 22 24 22 24 24 22 24 22 24 22 24 24 22 >




With this approach the total number of SS raster entries would be 250 as shown in Table 4. Below. This number is below the targeted 655 that is mentioned in [1].

[bookmark: _Ref85753804]Table 4. Number of SS raster entries
	
	Channels
	Locations per channel
	Total

	120k SCS
	140
	2
	280

	480k SCS
	35
	2
	70

	TOTAL
	
	
	350



Figures 5 and 6 below show how the SSBs falls inside the 100 and 400MHz channels when defined as in Table 3 and Table 5 shows the width of the upper and lower guard-band (gap between SSB and channel edge), which are always larger than the minimum guard-bands currently defined in 38.101-2, which are 2.42MHz for 100MHz bandwidth and 9.86MHz for 400MHz wide bandwidth.
[bookmark: _Ref79136683]Table 5. Minimum guard bands
	 
	Low
	High

	120k SCS
	12,96
	3,84

	480k SCS
	70,56
	77,92



[image: ] [image: ]
Figure 5. 120k SCS SSB locations
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Figure 6. 480k SCS SSB locations
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In this document channel raster and SSB raster for 57-71GHz frequency range is discussed and proposals for both are made.

Proposal#1: Channel raster for 57-71GHz as explained in Section 2, Channel raster for 57-71GHz frequency range.
Observation#1: The proposed channel raster scheme supports also co-existence with 802.11ad and 802.11ay and therefore there is no need to define additional ARFCN to avoid cases where NR channel would overlap with two 802.11ad channels.
Proposal#2: Sync raster for 57-71GHz as explained in Section 4, SSB raster for 57-71GHz frequency range.
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