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1. Introduction
In RAN4#100-e some agreements for system parameters were reached and those were captured in WF [1], and are summarized below.Agreement: 
· For channel raster and sync raster, use Option 1C and Option 1D as starting point to seek the compromised solution.
· Option 1C: No IEEE 802.11ad/ay alignment and floating channelization (Nokia, Ericsson, ZTE, Xiaomi, OPPO, CMCC, Huawei)
· Option 1D: Hybrid between IEEE and no IEEE alignment with fixed channelization depending on max spectrum utilization and better coexistence (Intel, Charter, CATT, Sony, MTK, QCOM) 
Agreement: For intermediate CBWs between min and max CBWs,
· Integer multiples of the min CBW for each SCS
· 120 kHz: 100 MHz (min), 400 MHz (max)
· 480 kHz: 400 MHz (min), 800 MHz, 1600 MHz (max)
· 960 kHz: 400 MHz (min), 800 MHz, 1600 MHz, 2000 MHz (max) 
· FFS whether 1200Mhz CBW is needed for 480KHz SCS and 960Khz SCS
· FFS whether 200MHz CBW is needed for 120KHz SCS
Agreement
· 2 GHz as the maximum CBW with 960 kHz SCS for both licensed and unlicensed bands.


Building on top of the earlier agreements, this contribution discusses open issues related to systems parameters for a NR band in the range 52.6GHz – 71GHz.
2. Discussion
Synchronization raster and channel raster
The current WID for extending current NR operation to 71 GHz in [2] states the following on synchronization raster:
· 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.
The global synchronization rasters is defined in 38.101-2, and furthermore applicable SS raster entries are limited in some operating bands.
Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

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



Table 5.4.3.3-1: Applicable SS raster entries per operating band
	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

	n259
	120 kHz
	Case D
	23140 – <1> – 23369

	
	240 kHz
	Case E
	23142 – <2> – 23368

	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 clause 4.1 in TS 38.213 [10].



The unlicensed operating band being proposed for FR2-2 covers from 57-71, a total of 14 GHz of spectrum. Given the limitation of raster points to maximum of 665 and with the aim to reduce the total number of raster points to save resources needed for UE raster search, it is proposed to apply the synchronization raster entries shown in Table 1, where raster points both for the full range as well as the 57-71 GHz unlicensed operating band are shown.
Proposal 1: Adopt the synchronization raster entries for FR2-2 as shown in Table 1:
[bookmark: _Ref79137611]Table 1. Proposal for synchronization raster entries for FR2-2 
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	nXXX
52.6-71GHz

	120kHz
	TBD
	23899 < 2 > 24959

	
	480kHz
	TBD
	23901 < 8 > 24957

	nXXX
57-71GHz

	120kHz
	TBD
	24153 < 2 > 24959

	
	480kHz
	TBD
	24157 < 8 > 24957

	NOTE 1:	SS Block pattern is defined in subclause 4.1 in TS 38.213 [10]




The proposed raster points result in following frequency points and number of raster points. It can be seen that 480 kHz raster points are overlapping with 120 kHz, reducing the total number of points which is set by 120 kHz SCS.
	NR Operating Band
	SS Block SCS
	Frequency of first raster point
	Frequency of last raster point
	Raster point spacing
	Number of raster points

	nXXX
52.6-71GHz
	120kHz
	52.64112 GHz
	70.95792 GHz
	34.56 MHz
	531

	
	480kHz
	52.67568 GHz
	70.92336 GHz
	138.24 MHz
	133

	nXXX
57-71GHz
	120kHz
	57.03024 GHz
	70.95792 GHz
	34.56 MHz
	404

	
	480kHz
	57.09936 GHz
	70.92336 GHz
	138.24 MHz
	101



The co-existence between Wigig and other technologies have been extensively studied in ETSI BRAN, where three standards are within scope of the work: 302 567, 303 753 and 303 722 each targeting different scenarios in 57 – 71 GHz band from indoor operation to high power outdoor operation with fixed point-to-point links. None of these standards intended for regulative purposes necessitates usage of a specific channel raster or channel bandwidth. The same applies for FCC 47 CFR § 15.255 governing operation within the band 57-71 GHz.
From the ETSI standards work on 303 753 and 303 722 include or will include beamforming as a co-existence mechanism, requiring no listen-before-talk (LBT) operation to be able to access the channel. Therefore. LBT and channel alignment are not mandatory features from regulatory perspective. 
Observation 1: Current ETSI (303 753, 303 722) and FCC (FCC 47 CFR § 15.255) rules do not mandate usage of specific channel bandwidths or channel rasters, therefore there is no issue in using a floating channel raster which is not tied to IEEE channel positions.
Proposal 2: Channel raster for unlicensed operation is defined as a floating raster not limited to IEEE channel positions, however attention needs to be put on number of raster points.
Channel bandwidths
In previous meeting agreement on supported channel bandwidths was made, leaving 200 MHz and 1200 MHz channel bandwidth support as FFS. In our view it is more beneficial to simplify the number of channel bandwidths and rather support these cases via carrier aggregation framework. It has been also discussed in earlier meetings that the implementation especially for 1200 MHz bandwidth will not be efficient. 

When it comes to whether channel bandwidths are optional or mandatory, we need to take into account the vast amount of spectrum available. For unlicensed operations this will be up to 14 GHz, from 57 GHz to 71 GHz, and therefore mandatory support for wide channel bandwidths is meaningful. Therefore, we propose to make 400 MHz channel bandwidth mandatory for 120 kHz SCS. 

In addition, we need to look at the differences between subcarrier spacings. 2000 MHz is the only channel bandwidth that is wider than the channel bandwidths supported for 480 kHz. Therefore, 2000 MHz is proposed to be mandatory for 960 kHz SCS.

Proposal 3: Do not specify 200 and 1200 MHz intermediate channel bandwidths

Proposal 4: 400 MHz shall be mandatory ChBW for 120 kHz SCS.

Proposal 5: 2000 MHz shall be mandatory for 960 kHz SCS.

Carrier aggregation
Carrier aggregation provides opportunities for wideband operation with 120 kHz SCS (at the expense of implementation complexity & overhead). Nevertheless, it allows maximal reuse of FR2 hardware in the scenarios where the phase noise is manageable. Furthermore, it provides efficient coexistence among UEs with different bandwidth capabilities. In order to support CA within a 2 GHz band, n x 400 MHz BW capabilities need to be supported (n= [ 2, 3, 4, 5]). 
There are multiple 2 GHz chunks available at 60 GHz band. Based on that it makes sense to consider wideband operation involving multiple 2 GHz channels (m*2 GHz). 

In RAN4#98-bis-e it was agreed that minimum channel bandwidth for 120 kHz SCS is 100 MHz. To enable smooth implementation transfer from current FR2 to above 52.6 GHz, it is reasonable to enable CA support also for m x 100 MHz CA configurations. It should however be considered that the overhead of CA configuration increases as number of carriers increase, and from performance point of view using wider channel bandwidths is more favorable.

Proposal 6:  Support CA both between 2 GHz channels and for narrower frequency allocations which combine up to 2 GHz.
Proposal 7:  Consider n x 400 MHz, n= [2, 3, 4, 5] and m x 100 MHz, m=[ 2..8] as the supported channel BW options for​ CA operation in unlicensed band for total bandwidths up to 2000 MHz.

Observation 2: From performance point of view wider channel bandwidths are more favorable compared to CA configurations of many CCs.

Spectrum utilization
To enable smooth implementation transfer from current FR2 to above 52.6 GHz, it is reasonable to minimize changes to 120 kHz design and apply the same spectrum utilization for 120 kHz SCS in FR2-2 as already agreed and implemented for FR2-1. In simulations submitted to RAN4 in study item phase [4] it was found that EVM and in-band emissions are typically the gating factor for output power and reducing spectrum utilization will not result in higher output power. 
Proposal 8: Apply same spectrum utilization for 120 kHz SCS in FR2-2 as in FR2-1
Same behavior was observed also for higher SCS, but given these will be new implementations, it is reasonable to consider other options for SU. FFT utilization is one issue that needs to be considered when defining the spectrum utilization for 480 kHz and 960 kHz SCS. The reason is that it is one factor defining the implementation complexity.
Based on that we think that for 800 MHz and 1600 MHz cases, the starting point would be to aim at similar spectrum utilization as 120 kHz SCS in FR2-1. 
However, when considering 2 GHz CBW, the specification should facilitate smooth implementation based on 2k FFT. For example, 156 PRBs, which provides 90.0% spectrum utilization, means that the FFT utilization would be as high as 91.4%.  This would be too much e.g. from the filtering complexity point of view.  
Hence, in order to facilitate smooth implementation also for 2k FFT, we propose to support reduced spectrum utilization for 2GHz CBW when using 960 kHz SCS.
Proposal 9: Consider similar spectrum utilization for scenarios with 800MHz and 1600MHz as 120 kHz SCS in FR2-1 
Proposal 10: Support reduced spectrum utilization for 960 kHz SCS & 2 GHz CBW
Conclusion 
In this contribution numerologies, channel bandwidths and channel arrangement for NR operation above 52.6 GHz was discussed. The following observations and proposals were made
Proposal 1: Adopt the synchronization raster entries for FR2-2 as shown in Table 1:
Table 1. Proposal for synchronization raster entries for FR2-2 
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	nXXX
52.6-71GHz

	120kHz
	TBD
	23899 < 2 > 24959

	
	480kHz
	TBD
	23901 < 8 > 24957

	nXXX
57-71GHz

	120kHz
	TBD
	24153 < 2 > 24959

	
	480kHz
	TBD
	24157 < 8 > 24957

	NOTE 1:	SS Block pattern is defined in subclause 4.1 in TS 38.213 [10]




Observation 1: Current ETSI (303 753, 303 722) and FCC (FCC 47 CFR § 15.255) rules do not mandate usage of specific channel bandwidths or channel rasters, therefore there is no issue in using a floating channel raster which is not tied to IEEE channel positions.
Proposal 2: Channel raster for unlicensed operation is defined as a floating raster not limited to IEEE channel positions, however attention needs to be put on number of raster points.
Proposal 3: Do not specify 200 and 1200 MHz intermediate channel bandwidths

Proposal 4: 400 MHz shall be mandatory ChBW for 120 kHz SCS.

Proposal 5: 2000 MHz shall be mandatory for 960 kHz SCS.

Proposal 6:  Support CA both between 2 GHz channels and for narrower frequency allocations which combine up to 2 GHz.
Proposal 7:  Consider n x 400 MHz, n= [2, 3, 4, 5] and m x 100 MHz, m=[ 2..8] as the supported channel BW options for​ CA operation in unlicensed band for total bandwidths up to 2000 MHz.

Observation 2: From performance point of view wider channel bandwidths are more favorable compared to CA configurations of many CCs.

Proposal 8: Apply same spectrum utilization for 120 kHz SCS in FR2-2 as in FR2-1
Proposal 9: Consider similar spectrum utilization for scenarios with 800MHz and 1600MHz as 120 kHz SCS in FR2-1 
Proposal 10: Support reduced spectrum utilization for 960 kHz SCS & 2 GHz CBW
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