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1. Introduction
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.

In previous meeting RAN4 agreed to define fixed synchronization raster for unlicensed operating band n263 and floating synchronization raster for licensed operation. The discussion in this contribution concentrates mainly on the fixed raster design, which is done with the aim of maximizing the re-use of raster points between unlicensed and licensed network operation, i.e. fixed and floating raster. 

While sync raster has agreed to be fixed, no limitations for the actual RF channel raster were agreed in RAN4. However, to derive the synchronization raster points in an optimal manner, we have considered fixed RF channel raster positions. For the RF channel raster following guiding principles were used.

· Select lowest possible ARFCN point for the first RF channel in the frequency range 57-71 GHz for each SCS and bandwidth pair 
· {120 kHz, 100 MHz}, {120 kHz, 400 MHz} 
· {480 kHz, 400 MHz}, {480 kHz, 800 MHz}, {480 kHz, 1600 MHz} 
· {960 kHz, 400 MHz}, {960 kHz, 800 MHz}, {960 kHz, 1600 MHz}, {960 kHz, 2000 MHz}  

· Minimize distance between adjacent RF channels by having 
· Distance between center of the channels being integer multiple of 960 kHz   
· Guard bands of different RF channels are not overlapping 
· For 100MHz channel bandwidth the channel raster step is minimized 
· For 400MHz, 800MHz, 1600MHz and 2GHz channel bandwidths the channel raster step sizes are aligned to enable smooth CA operation and minimize the gap between channels 

· Note: Only the cell-defining SSB of the PCell is always on the sync raster. 
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Figure 1 Principle of channel allocation in fixed channelization.  

Following these principles result in RF raster displayed in Table 1.

Table 1: Center frequency of 1st channel in 57-71 GHz band and channel raster step size 

	SCS [kHz] 
	Bandwidth [MHz] 
	1st reference freq. [Hz] 
	Channel raster step [Hz] 

	120 
	100 
	57050040000 
	100800000 

	120 
	400 
	57200040000 
	400320000 

	480 
	400 
	57200040000 
	400320000 

	480 
	800 
	57400020000 
	800640000 

	480 
	1600 
	57800040000 
	1601280000 

	960 
	400 
	57200040000 
	400320000 

	960 
	800 
	57400020000 
	800640000 

	960 
	1600 
	57800040000 
	1601280000 

	960 
	2000 
	58000020000 
	2001600000 



When considering the RF raster points provided in the Table 1 it can be seen that defining the RF channel raster according these would not be fully optimal. For example, the spacing between 400 MHz channels is not a multiple of spacing of 100 MHz channels. This results in channel positions sliding relative to each other and making contiguous carrier aggregation between 100 and 400 MHz channels challenging if not impossible. 

Secondly, if channel positions are set based on the lower frequency edge of the operating band, the highest feasible channel position may be far away from the upper edge of the operating band, resulting in a lot of spectrum not being available. For 2 GHz channel bandwidth this will mean almost 2 GHz being lost. Therefore, we think that the ‘fixed’ channel raster should be only considered in determination of reduced synchronization raster design (and RB offsets required in RAN1 specification) for the ‘fixed raster’, while leaving more flexibility to the actual RF channel raster. Overall, it is extremely challenging to define a fixed RF channel raster which would work for carrier aggregation as well as provide high spectrum efficiency.

When synchronization raster points are selected based on this RF raster design we get the points shown in table 2.














Table 2: GSCNs for fixed channelization.

	SCS
	120 kHz
	 
	 
	480 kHz
	 
	 
	 
	960 kHz
	 
	 
	 

	Bandwidth
	100 MHz
	400 MHz
	 
	400 MHz
	800 MHz
	1600 MHz
	 
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	 
	24153
	24153
	 
	24157
	24157
	24157
	 
	24160
	24160
	24166
	24166

	 
	24159
	 
	 
	24181
	 
	 
	 
	24184
	 
	 
	 

	 
	24165
	 
	 
	24205
	24205
	 
	 
	24208
	24208
	 
	 

	 
	24171
	 
	 
	24229
	 
	 
	 
	24232
	 
	 
	 

	 
	24177
	24177
	 
	24253
	24253
	24253
	 
	24256
	24256
	24256
	 

	 
	24183
	 
	 
	24277
	 
	 
	 
	24280
	 
	 
	24280

	 
	24189
	 
	 
	24301
	24301
	 
	 
	24298
	24304
	 
	 

	 
	24195
	 
	 
	24325
	 
	 
	 
	24322
	 
	 
	 

	 
	24201
	24201
	 
	24349
	24349
	24349
	 
	24346
	24346
	24346
	 

	 
	24207
	 
	 
	24373
	 
	 
	 
	24370
	 
	 
	 

	 
	24213
	 
	 
	24397
	24397
	 
	 
	24394
	24394
	 
	24394

	 
	24219
	 
	 
	24421
	 
	 
	 
	24418
	 
	 
	 

	 
	24225
	24225
	 
	24445
	24445
	24445
	 
	24442
	24442
	24442
	 

	 
	24231
	 
	 
	24457
	 
	 
	 
	24460
	 
	 
	 

	 
	24234
	 
	 
	24481
	24481
	 
	 
	24484
	24484
	 
	 

	 
	24240
	 
	 
	24505
	 
	 
	 
	24508
	 
	 
	24514

	 
	24246
	24246
	 
	24529
	24529
	24529
	 
	24532
	24532
	24532
	 

	 
	24252
	 
	 
	24553
	 
	 
	 
	24556
	 
	 
	 

	 
	24258
	 
	 
	24577
	24577
	 
	 
	24580
	24580
	 
	 

	 
	24264
	 
	 
	24601
	 
	 
	 
	24604
	 
	 
	 

	 
	24270
	24270
	 
	24625
	24625
	24625
	 
	24622
	24628
	24628
	24628

	 
	24276
	 
	 
	24649
	 
	 
	 
	24646
	 
	 
	 

	 
	24282
	 
	 
	24673
	24673
	 
	 
	24670
	24670
	 
	 

	 
	24288
	 
	 
	24697
	 
	 
	 
	24694
	 
	 
	 

	 
	24294
	24294
	 
	24721
	24721
	24721
	 
	24718
	24718
	24718
	 

	 
	24300
	 
	 
	24745
	 
	 
	 
	24742
	 
	 
	24742

	 
	24306
	 
	 
	24769
	24769
	 
	 
	24766
	24766
	 
	 

	 
	24312
	24315
	 
	24781
	 
	 
	 
	24784
	 
	 
	 

	 
	24318
	 
	 
	24805
	24805
	24817
	 
	24808
	24808
	24814
	 

	 
	24324
	 
	 
	24829
	 
	 
	 
	24832
	 
	 
	 

	 
	24330
	 
	 
	24853
	24853
	 
	 
	24856
	24856
	 
	 

	 
	24336
	 
	 
	24877
	 
	 
	 
	24880
	 
	 
	 

	 
	24339
	24339
	 
	24901
	24901
	 
	 
	24904
	24904
	 
	 

	 
	24345
	 
	 
	24925
	 
	 
	 
	24928
	 
	 
	 

	 
	24351
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24357
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24363
	24363
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24369
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24375
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24381
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24387
	24387
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24393
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24399
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24405
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24411
	24408
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24417
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24423
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24429
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24435
	24432
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24441
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24444
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24450
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24456
	24456
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24462
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24468
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24474
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24480
	24477
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24486
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24492
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24498
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24504
	24501
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24510
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24516
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24522
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24528
	24525
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24534
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24540
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24546
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24549
	24549
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24555
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24561
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24567
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24573
	24570
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24579
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24585
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24591
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24597
	24594
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24603
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24609
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24615
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24621
	24618
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24627
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24633
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24639
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24645
	24642
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24651
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24654
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24660
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24666
	24663
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24672
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24678
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24684
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24690
	24687
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24696
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24702
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24708
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24714
	24711
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24720
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24726
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24732
	24732
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24738
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24744
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24750
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24756
	24756
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24759
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24765
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24771
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24777
	24780
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24783
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24789
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24795
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24801
	24804
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24807
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24813
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24819
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24825
	24825
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24831
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24837
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24843
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24849
	28489
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24855
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24861
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24864
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24870
	24873
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24876
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24882
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24888
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24894
	24894
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24900
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24906
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24912
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24918
	24918
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24924
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24930
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24936
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24942
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24948
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	24954
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 






It has been confirmed that the coreset#0 offsets required for RAN1 specification are feasible with these synchronization raster points. The details can be found in [5].

Proposal 1: Adopt synchronization raster points shown in Table 2 for n263

Proposal 2: RF channel raster is floating based on 120 kHz SCS, network implementation will take care that SSB and coreset#0 fit within channel bandwidth


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 [3] 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. As a result, RAN4#101bis-e endorsed the spectrum utilization for 120 kHz SCS in [4]. 
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. 
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 3: Consider similar spectrum utilization for scenarios with 800MHz and 1600MHz as already endorsed for 120 kHz SCS in FR2-2. 
Proposal 4: Support reduced spectrum utilization for 960 kHz SCS & 2 GHz CBW
UE features
Discussion on UE features was kicked off in RAN4#101bis-e, with three different UE features raised for discussion: Support for UL 64QAM, optionality of channel bandwidth support, and ON-ON transient time. The discussion for 64QAM was concluded in previous meeting and therefore we concentrate here on channel bandwidths and ON-ON transient. 
When it comes to channel bandwidth support, it is important to take into account that each subcarrier spacing is already optional: if this frequency range is not support at all, there is no need to support 120 kHz SCS, and 480 and 960 kHz SCS are listed to be optional already in the WID. The major added value of wider SCS is the ability to support wider channel bandwidths. Therefore, given the optionality of the subcarrier spacing, setting wider channel bandwidths of 480 and 960 kHz SCS would devalue the higher SCS greatly. If support of a single wide channel bandwidth is not desirable for UE manufacturer, it is still possible to support large amount of spectrum via carrier aggregation and 120 kHz SCS. As a conclusion, supporting all channel bandwidth for each SCS should be mandatory.
Proposal 5: As each SCS is optional to support, further optionality on maximum channel bandwidth support is not required.
For ON-ON transient time RAN4#101bis-e agreed to have 5 us minimum requirement, and continue to discuss possibility of having optional 1, 2 and/or 3 us ON-ON transient time. From network perspective it is greatly beneficial to manage UEs having the same behavior compared to different UE behavior/performance. On the other hand, improved UE performance is definitely desired. The optimal compromise between these somewhat competing points-of-view is to formalize the improved UE performance while simultaneously limiting the number of options. Therefore, we propose to specify only a single optional transient time value, and select between 1 us or 2us.
Proposal 6: For optional ON-ON transient time, only one value among 1 us or 2 us is specified.
3 Conclusion 
In this contribution channel arrangement and spectrum utilization for NR operation above 52.6 GHz was discussed. The following proposals were made:
Proposal 1: Adopt synchronization raster points shown in Table 2 for n263
Proposal 2: RF channel raster is floating based on 120 kHz SCS, network implementation will take care that SSB and coreset#0 fit within channel bandwidth
Proposal 3: Consider similar spectrum utilization for scenarios with 800MHz and 1600MHz as already endorsed for 120 kHz SCS in FR2-2. 
Proposal 4: Support reduced spectrum utilization for 960 kHz SCS & 2 GHz CBW
Proposal 5: As each SCS is optional to support, further optionality on maximum channel bandwidth support is not required.
Proposal 6: For optional ON-ON transient time, only one value among 1 us or 2 us is specified.
References 
[1] R4-2120061, “WF on NR extension to 71 GHz (Part 1) – System Parameters” Intel Corporation
[2] RP-213540, “Revised WID: Extending current NR operation to 71 GHz”, Qualcomm, Intel
[bookmark: _Ref31097847][3] R4-2015444, “UE RF for NR beyond 52.6 GHz”, Nokia, Nokia Shanghai Bell
[4] R4-2202364, “Draft CR for TS 38.101-2: Introduction of system parameters for FR2-2”, Vivo
[5] R1-2201662, “Initial access aspects”, Nokia, Nokia Shanghai Bell
3GPP
image1.png
I Guard band

57GHz  Existing ARFCN point Bandwidth 71 GHz
I PRBs
Minimigze

Nx960 kHz





