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1	Introduction 
Dynamic spectrum sharing is an important feature that allows for sharing existing spectrum between the LTE and NR carriers, thus enabling smoother transition from LTE and faster adoption of NR. There are several prerequisites for running LTE and NR within the same frequency band, either FDD or TDD, such as channel raster, UL shift, and no overlaps between the LTE reference signals and the NR synchronisation blocks. As an example, the following WI was agreed to enable dynamic spectrum sharing in band 41/n41 frequency range [1].
After the RAN#86 meeting, a new WI was agreed [2] aiming to analyse and introduce, if needed, changes to support dynamic spectrum sharing in band 48/n48 frequency range. During the RAN4#94bis-e meeting, a number of companies expressed their view on the required modifications [3]-[9], but no consensus was reached. 
From the agreed WI perspective, the following issues have to be addressed: channel raster, UL shift, synchronisation pattern. In this discussion paper we elaborate further on the channel raster and required changes to enable alignment of the LTE and NR sub-carrier grids. 

2	Channel raster for spectrum sharing in band 48/n48 
[bookmark: _Toc13821307][bookmark: _Toc13823307]2.1	Background
To align LTE and NR carrier, both carriers have to be configured with the same centre frequencies, which in turn should be an integer multiple of the channel raster step of the corresponding LTE and NR bands. While the LTE band 48 has a channel raster of 100kHz, the corresponding NR band n48 follows so-called SCS based channel raster, which is either 15 or 30kHz (refer also to Annex B). Based on that, one of the solutions not requiring any standardization changes would be to consider FREF values at step of 300kHz for those carriers where DSS operation between LTE and NR is anticipated. For other carriers, using exclusively either LTE or NR, there will be no restrictions on how they can be configured. 
Observation 1a:	300kHz raster does not require any further standardization changes and thus can be used to align LTE and NR centre frequencies for those carriers where DSS operation is needed. 
Even though the solution with FREF values at step of 300kHz does not require any further standardization changes in 3GPP, it is worth noting that unlike other licensed bands where an operator receives a particular fixed chunk of spectrum, band 48/n48 spectrum is managed by so-called SAS entity. It allocates spectrum to operators accounting for their requests, total number of operators working in a certain geographical area, and also other SAS entities. In other words, an operator simply does not know in advance which spectrum will be allocated, its size and the centre frequency. 
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Figure 2.1-1: Overview of the CBRS band (3GPP band 48/n48).
Figure 2.1-1 illustrates that the CBRS band 3550-3650 MHz frequency range is logically partitioned into ten 10MHz channels to ease spectrum allocation and management process by the SAS entity and also between the SAS entities. Referring back to Observation 1a, even though a solution based on the 300kHz raster could be theoretically possible, it becomes almost unrealistic in the real-life deployments because not all the 10MHz channels are on the 300kHz raster, and some channels could be simply busy by incumbent services. Figure 2.1-2 illustrates further this problem by showing exemplary 10MHz and 20MHz allocations within 100MHz spectrum allocation of the band 48/n48. As can be seen from the top-most figure, there are only certain channels, which centre frequencies are aligned on the 300kHz raster (highlighted in red for the sake of simplicity). As an example, the following centre frequencies are aligned on the 300kHz raster – 3555, 3585, 3615, 3645 – and thus can be used for DSS between LTE and NR. However, as can be seen from the figure, there are only four 10MHz channels in 100MHz range that are aligned on the 300kHz raster. The problem gets even worse for 20MHz channels because there is only one channel with centre frequency 3600 that is aligned on the 300kHz raster.  
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Figure 2.1-2: Exemplary 10MHz and 20MHz channel allocations with centre frequencies.
Even though one could anticipate that the SAS entity might take care of allocating spectrum in a preferred way, there is no guarantee that the corresponding channel will be free, i.e. not taken by another SAS entity or not allocated to another operator. In other words, the preferred channel still could be busy irrespective of the operator’s preference to get a particular channel.  Another potential problem is when a particular carrier initially uses only LTE with 100kHz raster, but then an operator decides to enable DSS thus requiring 300kHz raster alignment. In this case, the corresponding carrier centre frequency will have to be re-allocated potentially impacting other operators’ centre frequencies in the whole band 48/n48 spectrum range. As an example, 40MHz chunk of spectrum can be easily and fairly shared between four operators with 100kHz channel raster when only LTE is used, i.e. each operator will get 10MHz. However, once an operator decides to use NR and DSS requiring the channel raster to be an integer multiple of 300kHz, it might be impossible to accommodate four 10MHz channels without violating minimum guard band sizes.  
Observation 1b:	Band 48/n48 spectrum is managed by the SAS entity, and thus an operator cannot be sure that allocated spectrum will be on the 300kHz raster.

2.2	Potential solutions
2.2.1	Adding 100kHz raster to band n48
Referring to considerations presented in the previous section, it is worth noting that the same problem was acknowledged during the DSS related WI for band 41/n41 frequency range. And as a straightforward solution to it, 100kHz raster was added to a new band n90 (refer also to Annex B). While it would be logical to add 100kHz raster to band n48 definition in a similar way as it was done for band n41/n90, it is worth noting that it might trigger more specification and implementation changes. 
The global frequency raster defines a set of RF reference frequencies FREF, which is used in signalling to identify the position of RF channels, SS blocks and other elements. The global frequency raster is defined for all frequencies from 0 to 100 GHz, with the granularity of the global frequency raster is ΔFGlobal. RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range [0…3279165] on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 2.2-1: NR-ARFCN parameters for the global frequency raster (Table 5.4.2.1-1 from TS 38.101-1)
	Range of frequencies (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165



As can be seen from Table 2.2-1, ΔFGlobal is 15kHz for bands above 3GHz which is also the case for the NR band n48. If 100kHz raster is added to the NR band n48, then more NREF values will have to be added, range of which is however already limited to 600000 – 2016666. Referring to the ASN.1 excerpt taken from TS 38.331, NREF values are defined as a contiguous range of values 0..3279165. Thus, it is not straightforward to add more NREF values for the 100kHz raster without impacting ASN.1.
-- ASN1START
-- TAG-ARFCN-VALUENR-START

ARFCN-ValueNR ::=               INTEGER (0..maxNARFCN)

-- TAG-ARFCN-VALUENR-STOP
-- ASN1STOP
..........
maxNARFCN                               INTEGER ::= 3279165 -- Maximum value of NR carrier frequency

Observation 2a:	Adding 100kHz raster to band n48 will trigger specification changes also in other WGs.

Another concern for adding 100kHz raster to the NR band n48 is the increased number of GSCN entries for the SS block frequency position. The matter is that SSB reference frequencies for NR bands below 3GHz are designed accounting for the fact that its grid can be aligned with the channel grid including 100kHz raster. On the contrary to it, NR bands above 3GHz use purely SCS based SSB reference frequencies. Since the SS block has to be aligned with the NR channel sub-carrier grid, then by introducing 100kHz raster we will also have to add more GSCN entries, which in turn might increase cell search time. For the sake of clarity, we present below an excerpt from TS 38.101-1 showing that the SSB reference frequencies follow different formulas for bands below and above 3GHz.
Table 2.2-2: SS block reference frequency (Table 5.4.3.1-1 from TS 38.101-1).
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	NOTE 1:	The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.




Observation 2b:	Existing SSB reference frequencies for bands above 3GHz do not allow for placing channel at any arbitrary 100kHz raster point.
Observation 2c:	More SSB reference frequency points can be added (e.g. specifically to band n48), but that will require further investigations for exact implementation impact.

2.2.2	Applying -/+100kHz shift to the centre frequency
Another approach contemplated by companies is to apply -/+100kHz shift to the centre frequency. Referring back to Figure 2.1-2, if the spectrum range allocated by SAS is not on the 300kHz raster, then the channel centre frequency can be shifted right or left. Referring to Figure 2.2-1, when the allocated spectrum is on the 300kHz raster, e.g. 3550 – 3560 MHz, then no shift would be needed. If an operator receives spectrum which is not on the 300kHz raster, e.g. 3560 – 3570 MHz, then it is possible to shift the centre frequency to the closest 300kHz raster which in this case would be 3564.9MHz. It is worth noting that shifting the centre frequency, when and if needed, will be decided by gNB and does not impact the SAS entity.  
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Figure 2.2-1: Applying -/+100kHz shift to the centre frequency (10MHz@30kHz SCS).

As already mentioned earlier, applying -/+100kHz shift will be needed only to those channels, centre frequencies of which is not on the 300kHz raster, i.e. is not on the common raster between LTE 100kHz raster and the NR 15/30kHz SCS based raster. The table below presents several band 48/n48 10MHz channels, indicating when the shift would be applied, and which LTE ARFCN and NR ARFCN values would be used.  As an example, centre frequencies 3555MHz and 3585MHz are aligned on the 300kHz raster and thus there is no need to shift it by -/+100kHz. On the contrary to it, centre frequency 3565MHz is not aligned on the 300kHz raster, and the closest one is 3564.9MHz. The centre frequency 3575MHz is not aligned in the 300kHz raster either and the closest one would be 3575.1MHz. 
Observation 3a:	If the allocated frequency range is not strictly aligned on the 300kHz raster, then it is possible to shift the centre frequency by -/+100kHz to the closest NR ARFCN raster point.
Observation 3b:	The centre frequency shift will be applied by gNB, which does not require any changes in RAN WG4; and does not impact SAS operation.


Table 2.2-3: Exemplary 10MHz channel centre frequencies aligned on the common LTE and NR raster
	Channel (MHz)
	Centre frequency (MHz)
	LTE ARFCN
	NR ARFCN
	MOD (300kHz)

	3550-3560
	3554.9
	55289
	x
	2

	
	3555
	55290
	637000
	0

	
	3555.1
	55291
	x
	1

	
	
	
	
	

	3560-3570
	3564.9
	55389
	637660
	0

	
	3565
	55390
	x
	1

	
	3565.1
	55391
	x
	2

	
	
	
	
	

	3570-3580
	3574.9
	55489
	x
	1

	
	3575
	55490
	x
	2

	
	3575.1
	55491
	638340
	0

	
	
	
	
	

	3580-3590
	3584.9
	55589
	x
	2

	
	3585
	55590
	639000
	0

	
	3585.1
	55591
	x
	1



While it seems like a feasible solution not requiring any further specification changes, it bears noting that by shifting centre frequency by -/+100kHz we will impact guard bands effectively reducing their size. Even worse, shrunk guard bands will not meet the minimum requirements, as specified in TS 38.101-1. As an example, the minimum guard band for 10MHz@30kHz SCS channel is 665kHz, while after shifting the centre frequency it will become 580kHz. And the problem becomes even more severe for smaller channel bandwidth and 15kHz SCS. Thus, there is no guarantee that regulatory emission requirements will be met.
Observation 3c:	Shifting the centre frequency -/+100kHz will impact guard bands, and thus there is no guarantee that emission requirements still can be met.

Table 2.2-4: Minimum guardband for each UE channel bandwidth and SCS (kHz) (Table 5.3.3-1 from TS 38.101-1)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	965
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1490
	1450
	1410
	1370



To understand the severity of the problem caused by shifting the centre frequency, we conduct a series of simulations. We analyse the maximum power reduction that would be needed in a normal case and when the centre frequency is shifted resulting in a smaller guard band, and for which because of that the larger power reduction might be needed. The following assumptions have been made for this analysis:
-	the UE maximum power is 23dBm;
-	we focus on 5-10MHz channel bandwidth at both 15kHz and 30kHz SCS because they are more vulnerable to centre frequency shift due to smaller guard bands;
-	since band n48 has a special NS_27 value that enforces a more stringent spectral emission mask, we present results separately for NS_01 and NS_27;
-	as in similar methodologies, we present results for edge, outer, and inner RB allocations
Detailed results can be found in Appendix C-E, in which for every simulation case we present separately figures with the absolute power back-off values needed to meet emission requirements. In turn, table 2.2-5 and 2.2-6 below present a summary in a form of delta power back-off in dB, i.e. the one that has to be applied to meet emission requirements when the centre frequency is shifted.







Table 2.2-5: Additional power back-off needed to compensate for shrunk guard band (CP-OFDM). 
	Channel@SCS
	RB Allocation
	NS_01
	NS_27 (inner)
	NS_27 (lower)

	5MHz@15kHz
	Edge
	2
	2
	2

	
	Inner
	0.5
	0.5
	0.5

	
	Outer
	0.5
	0.5
	0.5

	
	
	
	
	

	10MHz@15kHz
	Edge
	1.5
	1.5
	1.5

	
	Inner
	0.5
	0.5
	0.5

	
	Outer
	0.5
	0.5
	0.5

	
	
	
	
	

	10MHz@30kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.5



Table 2.2-6: Additional power back-off needed to compensate for shrunk guard band (DFT-s-OFDM). 
	Channel@SCS
	RB Allocation
	NS_01
	NS_27 (inner)
	NS_27 (lower)

	5MHz@15kHz
	Edge
	1.5
	1.0
	1.0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.5

	
	
	
	
	

	10MHz@15kHz
	Edge
	1.0
	1.0
	1.0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	[bookmark: _GoBack]0.5

	
	
	
	
	

	10MHz@30kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.5



Based on the presented results, it is possible to arrive at the conclusion that by performing power back-off we can consider shifting the centre frequency by -/+100kHz. The required power reduction is not large and, as expected, larger power reduction is needed for those cases when guard bands are smaller, i.e. for smaller channel bandwidths and smaller SCS. According to the preliminary results, no power reduction might be needed already for 10MHz@30kHz SCS, but that result was obtained with somewhat idealistic assumptions for the PA behaviour. It requires further checking as edge allocations still might need a small power reduction accounting for particular implementations. 
Observation 3d:	By applying power back-off when the centre frequency is shifted by -/+100kHz, we can ensure that emission requirements still can be met.
Observation 3e:	Edge and outer allocations might always need some power back-off accounting for particular implementations.
When comparing two solutions – introduction of 100kHz raster and shifting the centre frequency by -/+100kHz – one can see that the latter approach does not require any big changes into the existing design and can be adopted easily with quite marginal specification changes impacting only RAN WG4.
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3	Conclusions
In this discussion paper we have presented our further views on the problem of the channel raster for dynamic spectrum sharing between LTE and NR on band n48. As a summary of our paper, since it is clear that an operator cannot rely on the fact the SAS entity will allocate the frequency range aligned on the 300kHz raster, some solution is needed. Amongst possible approaches identified at the moment, it seems that shifting centre frequency -/+100kHz can achieve required alignment with quite marginal specification changes. 
Proposal:	Consider further a solution based on the -/+100kHz shift of the centre frequency.
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Annex A (excerpt from TS 38.101-1)
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high

	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n14
	788 MHz – 798 MHz
	758 MHz – 768 MHz
	FDD

	n18
	815 MHz – 830 MHz
	860 MHz – 875 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n303
	2305 Mhz – 2315 MHz
	2350 MHz – 2360 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n48
	3550 MHz – 3700 MHz
	3550 MHz – 3700 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n65
	1920 MHz – 2010 MHz
	2110 MHz – 2200 MHz
	FDD4

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL

	n90
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD5

	NOTE 1:	UE that complies with the NR Band n50 minimum requirements in this specification         shall also comply with the NR Band n51 minimum requirements.
NOTE 2:	UE that complies with the NR Band n75 minimum requirements in this specification         shall also comply with the NR Band n76 minimum requirements.
NOTE 3:	Uplink transmission is not allowed at this band for UE with external vehicle-mounted antennas.
NOTE 4:	A UE that complies with the NR Band n65 minimum requirements in this specification shall also comply with the NR Band n1 minimum requirements.
NOTE 5:	Unless otherwise stated, the applicability of requirements for Band [n90] is in accordance with that for Band n41; a UE supporting Band [n90] shall meet the requirements for Band n41.






Annex B (excerpt from TS 38.101-1):

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

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n12
	100
	139800 – <20> – 143200
	145800 – <20> – 149200

	n14
	100
	157600 – <20> – 159600
	151600 – <20> – 153600

	n18
	100
	163000 – <20> – 166000
	172000 – <20> – 175000

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n25
	100
	370000 – <20> – 383000
	386000 – <20> – 399000

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600

	n30
	100
	461000 – <20> – 463000
	470000 – <20> – 472000

	n34
	100
	402000 – <20> – 405000
	402000 – <20> – 405000

	n38
	100
	514000 – <20> – 524000
	514000 – <20> – 524000

	n39
	100
	376000 – <20> – 384000
	376000 – <20> – 384000

	n40
	100
	460000 – <20> – 480000
	460000 – <20> – 480000

	n41
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	n48
	15
	636667 – <1> – 646666
	636667 – <1> – 646666

	
	30
	636668 – <2> – 646666
	636668 – <2> – 646666

	n50
	100
	286400 – <20> – 303400
	286400 – <20> – 303400

	n51
	100
	285400 – <20> – 286400
	285400 – <20> – 286400

	n65
	100
	384000 – <20> – 402000
	422000 – <20> – 440000

	n66
	100
	342000 – <20> – 356000
	422000 – <20> – 440000

	n70
	100
	339000 – <20> – 342000
	399000 – <20> – 404000

	n71
	100
	132600 – <20> – 139600
	123400 – <20> – 130400

	n74
	100
	285400 – <20> – 294000
	295000 – <20> – 303600

	n75
	100
	N/A
	286400 – <20> – 303400

	n76
	100
	N/A
	285400 – <20> – 286400

	n77
	15
	620000 – <1> – 680000
	620000 – <1> – 680000

	
	30
	620000 – <2> – 680000
	620000 – <2> – 680000

	n78
	15
	620000 – <1> – 653333
	620000 – <1> – 653333

	
	30
	620000 – <2> – 653332
	620000 – <2> – 653332

	n79
	15
	693334 – <1> – 733333
	693334 – <1> – 733333

	
	30
	693334 – <2> – 733332
	693334 – <2> – 733332

	n80
	100
	342000 – <20> – 357000
	N/A

	n81
	100
	176000 – <20> – 183000
	N/A

	n82
	100
	166400 – <20> – 172400 
	N/A

	n83
	100
	140600 – <20> –149600
	N/A

	n84
	100
	384000 – <20> – 396000
	N/A

	n86
	100
	342000 – <20> – 356000
	N/A

	[n90]
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	
	100
	499200 – <20> – 538000
	499200 – <20> – 538000




Annex C: 5MHz@15kHz SCS (CP-OFDM)
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Figure C-1: NS_01 without shift (left) and with shift (right).
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Figure C-2: NS_27 inner band without shift (left) and with shift (right).


[image: ]              [image: ]
Figure C-3: NS_27 lower edge without shift (left) and with shift (right).
Annex D: 10MHz@15kHz SCS (CP-OFDM)
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Figure D-1: NS_01 without shift (left) and with shift (right).

[image: ]          [image: ]
Figure D-2: NS_27 inner band without shift (left) and with shift (right).


[image: ]          [image: ]
Figure D-3: NS_27 lower edge without shift (left) and with shift (right).

Annex E: 10MHz@30kHz SCS (CP-OFDM)
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Figure E-1: NS_01 without shift (left) and with shift (right).

[image: ]           [image: ]
Figure E-2: NS_27 inner band without shift (left) and with shift (right).

[image: ]          [image: ]
Figure E-3: NS_27 lower edge without shift (left) and with shift (right).

Apple Inc.
Apple Inc.
image2.emf



3550 36503555 3565 3575 3585 3595 3605 3615 3625 3635 3645











image3.emf



3550 36503560 3580 3600 3620 3640











image4.emf



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23



680 kHz 680 kHz



3550 35603555











image5.emf



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23



3560 35703564.9



780 kHz580 kHz











image6.png
CP-OFDM QPSK fc=3560MHz BW=5MHz SC:

1

£
B
2
3
3
@
4

RBStart

25




image7.png
CP-OFDM QPSK fc=3560MHz BW=5MHz SCS=15kHz
25

20

RBLength

RBStart




image8.png
25

1

£
<)
2
3
3
@
4

RBStart

CP-OFDM QPSK fc=3602.5MHz BW=5MHz SCS=15kHz

25




image9.png
25

20

RBLength

CP-OFDM QPSK fc=3602.5MHz BW=5MHz SCS=15kHz

15
RBStart

20

25




image10.png
25

1

£
B
2
3
3
@
4

RBStart

CP-OFDM QPSK fc=3552.5MHz BW=5MHz SCS=15kHz

25




image11.png
25

20

RBLength

CP-OFDM QPSK fc=3552.5MHz BW=5MHz SCS=15kHz

15
RBStart

20

25




image12.png
CP-OFDM QPSK fc=3560MHz BW=10MHz SCS=15kHz

£
-3
2
3
3
@
4

10 20 30 40 50
RBStart




image13.png
£
<3
2
3
3
@
4

10 20 30 40
RBStart

CP-OFDM QPSK fc=3560MHz BW=10MHz SCS=15kHz

50




image14.png
CP-OFDM QPSK fc=3605MHz BW=10MHz SCS=15kHz

£
<3
2
3
3
@
4

10 20 30 40 50
RBStart




image15.png
CP-OFDM QPSK fc=3605MHz BW=10MHz SCS=15kHz

25

RBLength

10 20 30 40 50
RRGtart




image16.png
CP-OFDM QPSK fc=3555MHz BW=10MHz SCS=15kHz

£
<3
2
3
3
@
4

10 20 30 40 50
RBStart




image17.png
£
-3
2
3
3
@
4

CP-OFDM QPSK fc=3555MHz BW=10MHz SCS=15kHz

10 20 30 40 50
RBStart




image18.png
CP-OFDM QPSK fc=3555MHz BW=10MHz SCS=30kHz

a5

20

RBLength

RBStart




image19.png
CP-OFDM QPSK fc=3555MHz BW=10MHz SCS=30kHz

20

RBLength

RBStart




image20.png
CP-OFDM QPSK fc=3605MHz BW=10MHz SCS=30kHz

a5

1

£
<)
2
3
3
@
4

RBStart




image21.png
CP-OFDM QPSK fc=3605MHz BW=10MHz SCS=30kHz

20

RBLength

RBStart




image22.png
CP-OFDM QPSK fc=3655MHz BW=10MHz SCS=30kHz

20

RBLength

RBStart




image23.png
CP-OFDM QPSK fc=3555MHz BW=10MHz SCS=30kHz

20

RBLength

RBStart




image1.png
3550 MHz 3650 MHz 3700 MHz

1. Incumbent Access 1. Incumbent Uses

2. priority Access 2. General Authorized
Federal 3. General Authorized Access Access s

Each PAL s @ 10 MHz channel in the 3550-3650 Mz band.
Nomre than seven PALS will be issued in any county.
Alicensee can aggregate up to four PALS channels in one courty.




