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1. Introduction
In RAN#91e meeting, the WID on extending current NR operation to 71 GHz was revised and approved  [1]. To extend NR operation up to 71GHz considering, both, licensed and unlicensed operation, physical layer aspects and procedures, as well as radio interface protocol architecture and procedures and UE, gNB and RRM requirements are identified as objectives for this WI.
During the WID revision discussion in RAN#91e [2], there’s a short discussion on the definition of the frequency range 52.6-71GHz. Companies have different views on whether to introduce a new frequency range (FR3) or to extend FR2, or leave to RAN4 to further discuss and decide. The conclusion [2] is that “RAN1, RAN2 and RAN4 are asked to provide its analysis or recommendation to RAN#92E (June) on how to introduce the 52.6-71GHz frequency range.”
In this contribution, we mainly discuss the specification impact of frequency range definition for 52.6-71GHz from RAN1 perspective and aspects related to sync raster design.
2. [bookmark: _Ref498564494]Discussion on frequency range definition
1. 
2. 
[bookmark: _Ref521492551]Existing FR2
[bookmark: PP12]NR Rel-15 defined two frequency ranges for operation:
-	FR1 spanning from 410MHz to 7.125GHz
-	FR2 spanning from 24.25GHz to 52.6GHz
One is what we usually call (sub 6GHz) and the other is what we usually call millimeter wave. Depending on the ranges, the maximum bandwidth and subcarrier spacing varies. In sub 6 GHz, the maximum bandwidth is 100MHz and in millimeter wave range the maximum bandwidth is 400MHz. Some subcarrier spacing (15, 30KHz) can be used only in sub 6GHz and some subcarrier spacing (120KHz) can be used in millimeter wave range only, and some subcarrier spacing (60KHz) can be used both in sub 6GHz and millimeter wave range.  
Right now, only 5 operating bands are defined for FR2 as in TS 38.104 [3], Table 5.2-2.
Table 5.2-2: NR operating bands in FR2
	NR operating band
	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive
FUL,low   –  FUL,high
FDL,low   –  FDL,high
	Duplex mode

	n257
	26500 MHz – 29500 MHz
	TDD

	n258
	24250 MHz – 27500 MHz
	TDD

	n259
	39500 MHz – 43500 MHz
	TDD

	n260
	37000 MHz – 40000 MHz
	TDD

	n261
	27500 MHz – 28350 MHz
	TDD


Both SCS of 60 and 120KHz are defined for FR2 as in TS 38.104 [3], Table 5.2-2.
Table 5.3.5-2: BS channel bandwidths and SCS per operating band in FR2
	NR band / SCS / BS channel bandwidth

	NR Band
	SCS
kHz
	50 MHz
	100 MHz
	200
MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n259
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n260
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n261
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes


Note that both 60KHz and 120KHz channel raster are defined for FR2 as in TS 38.104 [3], Table 5.4.2.3-2.
Table 5.4.2.3-2: Applicable NR-ARFCN per operating band in FR2
	NR 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

	n259
	60
	2270832 – <1> – 2337499

	
	120
	2270832– <2> – 2337499

	n260
	60
	2229166 – <1> – 2279165

	
	120
	2229167 – <2> – 2279165

	n261
	60
	2070833 – <1> – 2084999

	
	120
	2070833 – <2> – 2084999



While for SSB, 120 and 240KHz SCS are defined for existing FR2 as in TS 38.104 [3], Table 5.4.3.3-2.
Table 5.4.3.3-2: Applicable SS raster entries per operating band (FR2)
	NR operating band
	SS Block SCS
	SS Block pattern
(note)
	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:	SS Block pattern is defined in section 4.1 in TS 38.213.



Numerology for 52.6-71GHz
During RAN1 SI, subcarrier spacing of 120KHz and additional subcarrier spacings 480KHz, and 960KHz are agreed to be introduced for bands in the 52.6GHz to 71GHz frequency range, most notably in the form of the original 60GHz band (57-66GHz) and extended 60GHz band (57-71GHz). While for SSB and initial BWP, it is agreed to [1] 
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS (480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
Comparing the subcarrier spacing for 52.6-71GHz to those of existing FR2, we can see that 60 KHz SCS is for sure not applicable for bands in the 52.6-71GHz frequency range. When looking at possible SCS for SSB in additional to 120 KHz SCS, it is likely that 240 KHz may not be supported for bands in the 52.6-71GHz frequency range and/or new SCS of 480 and/or 960 KHz were added for bands in the 52.6-71GHz frequency range. 
Extend FR2 for 52.6-71GHz or a new FR?
[bookmark: _Ref53684994]Two approaches can be taken for bands in the 52.6-71GHz frequency range which are not defined in existing FR2. One possible approach is to introduce a new frequency range (e.g. FR3), which will require introduction of new RF specification(s). An alternative approach is to extend the existing FR2 to cover 52.6 – 71GHz range, which would require an update of all FR2 relevant specifications. 
As reviewed in the above sections 2.1 and 2.2, if we were to extend FR2 to include bands in the 52.6-71GHz frequency range, it is obvious that operating bands in the 52.6-71GHz frequency range will be defined with different and new SCS for data and potentially SSB comparing to all the existing operating bands in current FR2. It is expected that operating bands in the 52.6-71GHz frequency range will have much more commonalities among their own rather than to share common things with operating bands in existing FR2. To us, the convention to include bands in the 52.6-71GHz frequency range to FR2 may cause potential confusion as the SCS/bandwidth supported in the 52.6-71GHz frequency range shall not be assumed for bands in exiting FR2.  
[bookmark: OB1]Observation 1: include bands in the 52.6-71GHz frequency range to FR2 may cause potential confusion as the SCS/bandwidth supported in the 52.6-71GHz frequency range shall not be assumed for bands in exiting FR2. 
Besides the SCS/bandwidth, when looking at RAN1 specifications, there are other aspects which need design differentiation between different frequency ranges, e.g. Point A definition (Section 4.4.4.2 in [4]), RO configuration (Section 6.3.3.2 in [4]), Cell search (Section 4.1 in [5]), Type 0 PDCCH (Section 13 in [5]) and etc. Most of these aspects are related to initial access design which is most likely different with that in FR2 as discussed in our companion contribution [6]. If FR2 were extended to include 52.6-71GHz, the design needs to be differentiated by band number within the same frequency range, which means RAN1 specifications need to mention specific band instead of frequency range. 
It is possible to avoid the above-mentioned confusion by adding notes/clarifications to all FR2 relevant specifications whenever features supported by bands in the 52.6-71GHz frequency range do not apply to other bands below 52.6 GHz in FR2. As discussed above, for example, design for initial access can be differentiated by band number within the same frequency range, which means RAN1 specifications need to mention specific band instead of frequency range. However, this seems not a right way to go since it changes current specification writing style and introduce more dependency between different RAN groups. Furthermore, it requires a tremendous effort updating all FR2 relevant specifications. 
In general, from RAN1 specification perspective, we feel defining a new frequency range (e.g. FR3) for bands in the 52.6 – 71GHz range would lead to a clear naming convention: 
[bookmark: _Ref53685084][bookmark: PP1]Proposal 1: it is preferred to introduce a new frequency range (e.g. FR3) for bands in 52.6-71GHz from RAN1 perspective. 

3. Synchronization raster
In Rel-15 and Rel-16, two types of sync raster and channel rater have been supported, which are designed for licensed band and unlicensed band respectively. 
[bookmark: OLE_LINK2]For licensed band, the main design criterion is: the channel raster is designed as the frequency granularity between two possible channel locations which increase the deployment flexibility. The design of sync raster is to guarantee that there is at least one SSB under each channel bandwidth. Thus, the sync raster interval can be calculated as: Sync Raster interval =BWCHANNEL-BWSSB. The design of channel raster and sync raster for licensed band is shown in Figure 1.
[image: ]
[bookmark: _Ref68102492]Figure 1：Design of channel raster and sync raster in licensed band
For unlicensed band, the main design criterion is: channel is evenly, contiguously distributed in the band and the channel bandwidth is the granularity of two adjacent channels. Thus, the sync raster interval can be calculated as: Sync Raster interval =BWCHANNE. The design of channel raster and sync raster for unlicensed band is shown in Figure 2. 

[image: ]
[bookmark: _Ref68104088]Figure 2: Design of channel raster and sync raster in un-licensed band
[bookmark: _GoBack]It is clear to see that the sync raster interval for licensed band is much smaller than that for unlicensed band. Therefore, in licensed band, large number of synchronization raster entries is needed for each SCS. If multiple SSB SCSs are supported, the UE needs to perform blind detection on massive sync rasters, which will cause a higher detection burden for the UE. Meanwhile, in consideration of the SSB design in our companion contribution [6], we believe it is preferable to support 120KHz and 960KHz as the SSB SCS.
[bookmark: _Ref68168192]Proposal 2: Support 120KHz and 960KHz as the SSB SCS to reduce the complexity of UE blind detection. 
4. Conclusion
In this contribution, we discuss the issues of frequency range definition for 52.6-71GHz, and have the following observation and proposals:
Observation 1: include bands in the 52.6-71GHz frequency range to FR2 may cause potential confusion as the SCS/bandwidth supported in the 52.6-71GHz frequency range shall not be assumed for bands in exiting FR2.
Proposal 1: it is preferred to introduce a new frequency range (e.g. FR3) for bands in 52.6-71GHz from RAN1 perspective.
Proposal 2: Support 120KHz and 960KHz as the SSB SCS to reduce the complexity of UE blind detection.
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