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Introduction
In the RAN#89 e-meeting, a study Item [1] was approved to analyze the potential solution for supporting irregular channel bandwidths. This contribution discusses the different cases from a UE prospective and provides an analysis of potential solutions and their related constraints.
Discussion
The Study Item [1] for irregular channel bandwidths (not a multiple of 5 MHz) lists the cases to be studied as noted in Table 1.
Table 1: Irregular channel bandwidths and associated bands for study
	Band (s)
	Channel Bandwidth(s)

	n5
	7, 11, 12.5 MHz

	n12
	12 MHz

	n26
	7 MHz

	n28
	13, 33 MHz

	n29
	6, 11 MHz



In the objective section, two main options should be studied:
· Using the immediately higher existing channel bandwidth with reduced allocation
· Using overlapped immediately lower existing channel bandwidths to fully use the spectrum
Some guidelines are also provided: Generic solution(s) should be intended as much as possible, with priority should be given to approaches that avoid the introduction of new channel BWs on the UE side. Proprietary solutions if proven relevant should not be precluded. Spectrally efficient methods providing a fine channel bandwidth granularity as well as low to moderate guard band width and signalling overhead should be preferred
In the next chapter we will analyze the specific bands’ channel bandwidths issues, the different options and their constraints.
High Level Analysis of the Cases
One critical aspect of the solution in terms of achievable SU, is about the channel raster and SSB raster:
· Since all bands are legacy bands, they all use 100 kHz raster as can be seen from Table 5.4.2.3-1 in 38.101-1
· Except band n5 which uses both 15 kHz and 30 kHz SSB all the bands are based on 15 kHz SSB as can be seen from Table 5.4.3.3-1 in 38.101-1

Since SSB is 20 RB and 1.2MHz raster:
· 15 kHz SSB is 3.6 MHz and only one can fit in 6 or 7 MHz
· 30 kHz SSB is 7.2 MHz and cannot fit into 7 MHz bandwidth thus 30 kHz SSB is not applicable to band n5 at least for 7 MHz bandwidth

In Table 2 we summarize the current specification situation and potential limitations for the different cases.
Table 2: High level analysis of irregular channel bandwidths cases
	Band
	ChBW [MHz]
	Related NS
	Bandwidth aspects

	n5
	7, 11, 12.5
	NS_100
	30 kHz SSB not possible and only one 15kHz SSB for 7 MHz

	n12
	12
	NS_06
	

	n26
	7
	NS_12/13/14/15, NS_100
	Only one 15kHz SSB for 7 MHz

	n28
	13, 33
	NS_17/18
	Current maximum BW is 30 MHz with limitation on positions as needed for dual duplexer implementation. 
30 MHz has already 0.5 dB MPR as it is above the 3% fractional BW requirement

	n29
	6, 11
	N-A
	Only one 15kHz SSB for 6 MHz, 
Current maximum BW is 10MHz but DL only



Observation 1:
· All are low band so 60 KHz SCS is not needed
· All cases use 100kHz raster
· There are limitations in terms of SSB number, size and placement for 6 and 7 MHz bandwidths
· There are cases where the requested bandwidth is larger than the current largest specified BW, thus emissions can’t be guaranteed and there could be limitations on RF BW in UL.
· All FDD bands have specific regulatory requirements.

Proposal 1: 
· 30 kHz SSB is not applicable to Band n5 irregular channel bandwidth (at least for 7 MHz)
· Only 30 MHz UE bandwidth is considered for 33 MHz in Band n28 with current position limitations (note 7 in 38.101-1 Table 5.3.5-1)
· For Band 29, current maximum BW is 10 MHz but since it is a DL only band and thus no regulatory emissions apply, support of 11 MHz can be studied 
· Use of the immediately higher bandwidth is not supported in UL to avoid specifying and testing NS related emissions, if needed asymmetric UL/DL UE operation can be used.

Constraints to Enable the Use of Immediately Lower Existing UE Channel Bandwidth
The use of the immediately lower existing UE channel bandwidth should be the baseline operation for the UE and as proposed above, the only mode of operation in UL such that emissions can be guaranteed without additional test and no additional specification work is needed. In the case where a reduced allocation of the immediately higher BW is used in DL, the asymmetric channel bandwidths operation could apply.

[bookmark: _GoBack]To clarify this mode of operation it must be clear that the separate channels cannot be operated by a single UE, but rather must be scheduled to separate UE groups as described in Figure 1 for the 7MHz example. 
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Figure 1: Description of UE and BS operation when using immediately lower existing channel bandwidth on UE side and overlapping from a network point of view (7 MHz example)
Figure 1is valid for both UL and DL and describe a possible 7 MHz scenario for 15 kHz SCS, the UEs are scheduled in two groups (yellow and red at the bottom) with 5 MHz channel BW on each edge of the desired WB. At the top the BS uses all RBS covering the two 5MHz channels, the overlap region (orange) can be dynamically scheduled to either UE group one or two. The non-overlapping region (yellow and red) can only be scheduled to one group.

Some of the constraints are also illustrated, like the fact that the BS guard band should be larger or equal to the UE guards band or the fact that the UE carriers should fall on the 100 kHz raster.

Proposal 2:
· Usage of the immediately lower existing UE channel bandwidth is the default UE mode of operation in UL and DL
· When overlapped immediately lower existing UE channel bandwidths are used only one channel is scheduled to the EU: the overlapping is from network point of view only
If the immediately lower existing UE channel bandwidth can be used in an overlapped manner to match the desired bandwidth, it must fulfill a number of constraints:
· To automatically fulfill emissions, the BS BW guard bands should be higher or equal to the UE BW guard band
· The two channels should overlap in an FFT aligned manner for the lowest SCS
· Since all the proposed band are on a 100 kHz raster, each channel should be separated by a multiple of 100 kHz
· In the case where the BS SU cannot accommodate separate non-overlapping SSBs, the SSBs should be staggered in time or common
· In order to use a common SSB for the two UE channels:
· The overlap should be at least 20 RB (3.6MHz for 15kHz SSB, 7.2MHz for 30kHz SSB)
· The SSB should fit on the SSB raster grid (1.2MHz)
· The distance between the two UE carriers should be a multiple of RBs
· For some cases where the two SSBs could be separate and with enough distance, it might be possible to operate the BS with fractional RBs to remove some constraints but at the expense of an in-band guard band. Since this most likely is not the generic case, the study of this option is not a priority
· If SSD cannot overlap partially, they either need to be the same for each UE CC, which requires at least 20 RB overlap and falling on 1.2MHz raster, or be separate and UE CCs must fall on 1.2MHz raster and multiple of RB.

To provide some view on these constraints, Table 3 provides the least common multiplier (LCM) for some of the cases. To fulfill the constraint, the distance between the two UE carriers must be a multiple of that number.
Table 3: LCM value for alignment constraints
	alignment
	LCM

	15 kHz SCS FFT and 100 kHz raster
	300 kHz

	30 kHz SCS FFT and 100 kHz raster
	300 kHz

	15 kHz RB and 100kHz raster
	900 kHz

	30 kHz RB and 100kHz raster
	1.8MHz

	30 kHz RB and 1.2 MHz SSB raster
	3.6 MHz



Note that solutions based on 100 kHz raster and 30 kHz RB ensures that BS carrier is on 100 kHz raster. Furthermore, solutions based on SSB raster automatically support the 100 kHz raster and 30 kHz RB conditions.

As a reference, the optimum SU, based on same interpolation method used for 35 MHz and 45 MHz channel bandwidth cases is detailed in Table 4 and it provides:
· The SU in RBs for 15 and 30 kHz (except for 6 and 7 MHz where only 15 kHz can apply)
· The related SU in %
· The related positions of the UE carriers using the immediately lower existing channel bandwidth
· The resulting smallest guard band
Table 4: SU based on interpolation with resulting CC position and guard bands for the UE channels
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Observations:
· 90% or above SU is achieved for all 15kHz cases
· In most cases, except for 7 MHz at 15 kHz the UE CCs and 12 MHz at 30 kHz, the UE CCs are not on the 100 kHz raster
· In some cases (yellow highlight), the resulting BS guard band is smaller than the immediately higher existing channel BW
· In other cases (red highlight), the resulting BS guard band is smaller than the immediately lower existing channel BW and thus the default UE operation cannot guarantee emissions.

The different solutions for each bandwidth using the 900 kHz or 1.8 MHz constraint related to 100 kHz channel raster and RB multiple have been studied and can be found in Table 5 where the same parameters for Table 4 are given, but additionally the RB overlap between carriers (OV) is calculated on top of SU and both upper and lower GB are calculated.
Table 5: SU based on raster and RB constraints with resulting CC position and guard bands for the UE channels
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Observations:
· For 6 MHz, SSB position needs more study: 
· 30 kHz RB solution results in same SU than 5MHz => not useful
· 15 kHz RB solution:
· Has exactly 20 RB overlap => need to fall exactly on 1.2MHz raster
· Needs a 50 kHz GB shift to meet 100 kHz raster and results in upper GB too low for to meet 10 MHz GB.
· Meets 90% SU for 15 kHz
· For 7 MHz, need to find a solution for partially overlapping SSB in time: 
· 30 kHz RB solution works for both 15 and 30 kHz and is the same, but RB overlap is 15:
· Common and non-overlapping 15 KHz SSB not feasible
· Need to study the possibility of overlapping SSB in time and meeting 1.2MHz raster
· > 90% SU for 15 kHz
· For 11 MHz, only 15 kHz SCS solution possible with some additional constraints:
· 30 kHz SCS solution results in same SU than 10MHz => not useful
· 15 kHz SCS solution:
· Cannot work for 30kHz (half RB)
· Needs a 50 kHz GB shift to meet 100 kHz raster and results in upper GB too low for to meet 10 MHz GB
· > 90% SU for 15 kHz
· For 12 MHz, good overall 30 kHz solution:
· 30 kHz SCS solution works for both 15 and 30 kHz and is close to the optimum interpolated result
· With 19 30 kHz RB overlap 30kHz SSB does not work but can use a common 15 kHz SSB as the overlap is more than 1.2MHz larger than 20 RB.
· > 90% SU for 15 kHz
· For 12.5 MHz, no better solution than 12 MHz => use 12 MHz:
· 30 kHz SCS solution works for both 15 and 30 kHz and is the same than 12MHz
· < 90% SU for 15 kHz
· For 13 MHz, two possible solutions depending on 30 kHz RB needed or not:
· If 30 kHz SCS needed then solution is the same than 12 MHz => use 12 MHz
· < 90% SU for 15 kHz
· If 30 kHz SCS solution is not needed then:
· SU is very close to optimum based on interpolation and > 90%
· For 33 MHz, two possible solutions depending on 30 kHz RB needed or not:
· If 30 kHz SCS solution is needed, valid for 15 and 30 kHz, has 18 RB less than optimum but still achieves > 90% SU for 15 and 30 kHz SCS
· If 30 kHz SCS solution is needed, the 15kHz solution achieve a better SU but with only 5 more RBs

Given this first order analysis, solutions that can achieve >90% SU for 15 kHz and meet all constraints should be favored thus the following proposal.

Proposal 3: The solutions in following Table are adopted for further study:
	Target BW
	SCS
	UE CH BW /
RB / SU%
	BS RB / 
SU %
	SSB constraint
	other

	6 MHz
	15 kHz only
	5 / 25 / 75%
	30 / 90%
	15 kHz common in exact 20RB overlap
Need to be on SSB raster point
	50kHz GB shift

	7 MHz
	15 kHz and
30 kHz
	5 / 25 / 64%
	35 / 90%
	15kHz Partial overlap only, need to be staggered in time and SSB raster point
	Lost BW due to SSB resources

	11 MHz
	15 kHz only
	10 / 52 / 85%
	57 / 93%
	Common 15 kHz SSB
	50kHz GB shift

	12 MHz
	15 kHz and
30 kHz
	10 / 52 / 78%
10 / 24 / 72%
	62 / 93%
29 / 87%
	Common 15 kHz SSB
	none

	12.5 MHz
	15 kHz and
30 kHz
	10 / 52 / 75%
10 / 24 / 69%
	62 / 89%
29 / 84%
	Use 12 MHz solution

	13 MHz
	15 kHz and
30 kHz
	10 / 52 / 72%
10 / 24 / 67%
	62 / 86%
29 / 80%
	Use 12 MHz solution

	
	15 kHz only
	10 / 52 / 72%
	67 / 93%
	Common 15 kHz SSB
	50kHz GB shift

	33 MHz
	15 kHz and
30 kHz
	30 / 160 / 87%
30 / 78 / 85%
	170 / 93%
83 / 91%
	Common 15 kHz SSB
	

	
	15 kHz only
	30 / 160 / 87%
	175 / 96%
	Common 15 kHz SSB
	50kHz GB shift



As described in the above proposal, there are further aspects to be studied especially for SSB design for 6 and 7 MHz cases. The 6 MHz case has a possibility for common SSB and not suffer from additional unused SSB resources for partially overlapped SSB staggered in time that is required for the 7 MHz case, provided an adequate SSB raster point can be found. Depending on the cases, SSB raster points are distant by Nx1.2 +/- 0.1 MHz so a detailed study of the BS and UE channels placement is needed within the band to know if there are solutions for the SSB placement. 

The 6 MHz 15 kHz SCS and the 7 MHz 15 and 30 kHz SCS cases are illustrated in Figure 2:
· At the top of the figure, the different frequency constraints with 100 kHz carrier raster, 1.2 MHz SSB raster, LCM(15,100) kHz, LCM(30,100) kHz shifts are provided
· UE1, UE2 and BS RB design and related carrier position are illustrated:
· 6 MHz with 15 kHz SCS RBs and common SSB RBs (orange)
· 7 MHz with 15 kHz and 30 kHz SCS RBs with overlapped SSBs (yellow and red)
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Figure 2: 6 and 7MHz UE and BS RB design
For 6 MHz, the common SSB (illustrated) is in the exact 20RB overlap and thus the center of the SSB should be aligned with the center of the BS RBs while the UE carriers need to be on the 100 kHz raster. In case there is no solution for this, two overlapping SSBs staggered in time like for 7 MHz should be studied and the overlap is 10 to 19 RBs
For 7 MHz, separate SSB are needed as the maximum overlap is 15 RB and thus SSBs need to be staggered in time, the minimum SSB overlap is 5RB (illustrated). This offers a few solutions to find the two SSB raster points but the distance needs to be a multiple of 180 kHz

Observation: The SSB design for 7 MHz and 6 MHz bandwidths needs further study with possible SSB raster points in the actual band and its position within the band to know if the solution is feasible.
Constraints to Enable the Use of Immediately Higher Existing UE Channel Bandwidth
As discussed in the above chapters, for UL we propose to only support the immediately lower existing channel bandwidth and in DL it should also be the default assumption. For a solution using a reduced allocation of the immediately higher existing EU channel bandwidth in UL, AMPR study would be required, especially for cases that are allocation based. Since all the FDD bands have an NS requirement, This is beyond the scope and effort agreed to enable irregular channel bandwidth support and since the main goal is to enable the best spectrum usage and not the UL throughput this should be acceptable and reflected in our proposal 2.

Optionally, the UE could use the immediately higher UE existing channel bandwidth with a reduced number of RB in DL , but still has to meet a number of constraints:
· Will need to be compatible with the design for the default UL/DL operation using immediately lower existing UE channel BW and reuse the SSB design
· Use the asymmetric UL/DL operation
· Carrier position needs to be on the 100kHz raster
· Since this is for DL only the BS guard band does not need to be larger than the guard band of the UE immediately higher channel BW
· The ACS and blocking performance should assume the full bandwidth and REFSENS is implicitly scaled with the number of RBs:
· If adjacent channels are collocated this should not be an issue
· If adjacent channels are not collocated and the immediately higher existing UE channel is much wider than the desired channel (it can only be 2 MHz wider on each side) near far effect may be an issue. 

Proposal 4:
· Solution using the immediately higher existing UE channel bandwidth can be further studied for DL only:
· It should be an optional UE capability
· It should be compatible with the default UL/DL operation using immediately lower existing UE channel BW
· No change to the EU specification should be assumed and ACS/blocking/REFSENS characteristics are those of the related existing UE channel bandwidth: It may not be feasible for all channel bandwidths and deployments
How to Manage Irregular Bandwidth Cases in RAN4
As shown by the cumbersome analysis above, the use of irregular channel BW requires a detailed study of the constraints and including, in some cases, the exact band and channel position needs to be studied to be able to find a suitable SSB design. It is therefore not possible to apply these irregular channel bandwidths blindly to other bands, nor it is desirable to extend the number of BW to be studied indefinitely. Finally, looking at the results related to the channel raster, bandwidths that are not an integer multiple of 1 MHz have little-to-no benefit compared to the cases that are an integer multiple of 1 MHz.
Proposal 5:
· Irregular channel bandwidths should be an integer multiple of 1 MHz
· Applying irregular channel bandwidths agreed in this SI to new bands should be done with agreement at plenary
· Adding new irregular channel bandwidths in this SI to existing or new bands should be done with agreement at plenary 
Conclusions
In this contribution, we provide an analysis of the requested irregular channel bandwidths with the current specification and RF characteristics of the related bands, the analysis of options that could be supported by the UE and their design constraints.

Based on the RF characteristics, bandwidth constraints and regulation requirement we make the following proposal.

Proposal 1: 
· 30 kHz SSB is not applicable to Band n5 irregular channel bandwidth (at least for 7 MHz)
· Only 30 MHz UE bandwidth is considered for 33 MHz in Band n28 with current position limitations (note 7 in 38.101-1 Table 5.3.5-1)
· For Band 29, current maximum BW is 10 MHz but since it is a DL only band and thus no regulatory emissions apply, support of 11 MHz can be studied 
· Use of the immediately higher bandwidth is not supported in UL to avoid specifying and testing NS related emissions, if needed asymmetric UL/DL UE operation can be used.

Based on the study of using the immediately lower existing UE channel bandwidth, we make the following proposals.

Proposal 2:
· Usage of the immediately lower existing UE channel bandwidth is the default UE mode of operation in UL and DL
· When overlapped immediately lower existing UE channel bandwidths are used only one channel is scheduled to the EU: the overlapping is from network point of view only
Proposal 3: The solutions for lower UE BW in following Table are adopted for further study:
	Target BW
	SCS
	UE CH BW /
RB / SU%
	BS RB / 
SU %
	SSB constraint
	other

	6 MHz
	15 kHz only
	5 / 25 / 75%
	30 / 90%
	Common in exact 20RB overlap
Need to be on SSB raster point
	50kHz GB shift

	7 MHz
	15 kHz and
30 kHz
	5 / 25 / 64%
	35 / 90%
	15kHz Partial overlap only, need to be staggered in time and SSB raster point
	Lost BW due to SSB resources

	11 MHz
	15 kHz only
	10 / 52 / 85%
	57 / 93%
	Common 15 kHz SSB
	50kHz GB shift

	12 MHz
	15 kHz and
30 kHz
	10 / 52 / 78%
10 / 24 / 72%
	62 / 93%
29 / 87%
	Common 15 kHz SSB
	none

	12.5 MHz
	15 kHz and
30 kHz
	10 / 52 / 75%
10 / 24 / 69%
	62 / 89%
29 / 84%
	Use 12 MHz solution

	13 MHz
	15 kHz and
30 kHz
	10 / 52 / 72%
10 / 24 / 67%
	62 / 86%
29 / 80%
	Use 12 MHz solution

	
	15 kHz only
	10 / 52 / 72%
	67 / 93%
	Common 15 kHz SSB
	50kHz GB shift

	33 MHz
	15 kHz and
30 kHz
	30 / 160 / 87%
30 / 78 / 85%
	170 / 93%
83 / 91%
	Common 15 kHz SSB
	

	
	15 kHz only
	30 / 160 / 87%
	175 / 96%
	Common 15 kHz SSB
	50kHz GB shift



And following observation:

Observation: The SSB design for 7 MHz and 6 MHz bandwidths needs further study with possible SSB raster points in the actual band and its position within the band to know if the solution is feasible.

Based on the study of using the immediately higher existing UE channel bandwidth with reduced number of RBs, we make the following proposal.

Proposal 4:
· Solution using the immediately higher existing UE channel bandwidth can be further studied for DL only:
· It should be an optional UE capability
· It should be compatible with the default UL/DL operation using immediately lower existing UE channel BW
· No change to the EU specification should be assumed and ACS/blocking/REFSENS characteristics are those of the related existing UE channel bandwidth: It may not be feasible for all channel bandwidths and deployments

In order to manage additional work for irregular channel bandwidths, we make this final proposal.

Proposal 5:
· Irregular channel bandwidths should be an integer multiple of 1 MHz
· Applying irregular channel bandwidths agreed in this SI to new bands should be done with agreement at plenary
· Adding new irregular channel bandwidths in this SI to existing or new bands should be done with agreement at plenary 
References
[1]	RP-202103 Alternative New SID: Study on Efficient utilization of licensed  T-Mobile USA, Ericsson, RAN#89e
3GPP
image2.emf
BW

lower higher

SCS

lower higher lower higher

SU % CC1 CC2 GB comment

6 5 10 15 25 52

0.2425 0.3125

30

90.0%

2.55 3.45

0.2925 GB lower than higher UE channel BW, not on 100kHz raster

7 5 10 15 25 52

0.2425 0.3125

35

90.0%

2.6 4.4

0.3425 all OK

15 52 79

0.3125 0.3825

57

93.3%

5.05 5.95

0.3625 GB lower than higher UE channel BW, not on 100kHz raster

30 24 38

0.6650 0.6450

26

85.1%

5.14 5.86

0.805 not on 100kHz raster

15 52 79

0.3125 0.3825

63

94.5%

5.01 6.99

0.3225 GB lower than higher UE channel BW, not on 100kHz raster

30 24 38

0.6650 0.6450

29

87.0%

5.1 6.9

0.765 all OK

15 52 79

0.3125 0.3825

65

93.6%

5.08 7.42

0.3925 not on 100kHz raster

30 24 38

0.6650 0.6450

31

89.3%

4.99 7.51

0.655 GB lower than lower UE channel BW, not on 100kHz raster

15 52 79

0.3125 0.3825

68

94.2%

5.06 7.94

0.3725 GB lower than higher UE channel BW, not on 100kHz raster

30 24 38

0.6650 0.6450

32

88.6%

5.06 7.94

0.725 not on 100kHz raster

15 160 188

0.5925 0.5725

177

96.5%

14.97 18.03

0.5625 GB lower than lower UE channel BW, not on 100kHz raster

30 78 92

0.9450 0.9250

87

94.9%

14.88 18.12

0.825 GB lower than lower UE channel BW, not on 100kHz raster

30 35

10

interpolation Based RB UE BW GB

12

12.5

13

33

11

10 15

10 15

10 15

15


image3.emf
BW SU OV % CC1 CC2 GB_L GB_L SU OV % CC1 CC2 GB_L GB_H

6 25 25

75.0%

3 3

0.7425 0.7575

30 20

90.0%

2.6 3.5

0.3425 0.2575

7 35 15

90.0%

2.6 4.4

0.3425 0.3575

35 15

90.0%

2.6 4.4

0.3425 0.3575

52 52

85.1%

5.5 5.5

0.8125 0.8275

57 47

93.3%

5.1 6

0.4125 0.3275

24 24

78.5%

5.5 5.5

1.165 1.195

26.5 21.5

86.7%

5.1 6

0.765 0.695

62 42

93.0%

5.1 6.9

0.4125 0.4275

62 42

93.0%

5.1 6.9

0.4125 0.4275

29 19

87.0%

5.1 6.9

0.765 0.795

29 19

87.0%

5.1 6.9

0.765 0.795

62 42

89.3%

5.4 7.2

0.7125 0.6275

62 42

89.3%

5.4 7.2

0.7125 0.6275

29 19

83.5%

5.4 7.2

1.065 0.995

29 19

83.5%

5.4 7.2

1.065 0.995

62 42

85.8%

5.6 7.4

0.9125 0.9275

67 37

92.8%

5.2 7.9

0.5125 0.4275

29 19

80.3%

5.6 7.4

1.265 1.295

31.5 16.5

87.2%

5.2 7.9

0.865 0.795

170150

92.7%

15.6 17.4

1.1925 1.2075

175 145

95.5%

15.2 17.9

0.7925 0.7075

83 73

90.5%

15.6 17.4

1.545 1.575

85.5 70.5

93.3%

15.2 17.9

1.145 1.075

12

12.5

13

33

11

100kHz raster, 15kHz RB (x0.9MHz offset) 100kHz raster, 30kHz RB (x1.8MHz offset)


image4.emf
100k

900k

1800k

RB_15kHz

6MHz

UE1 25RB

UE2 25RB

BS 30RB

7MHz

UE1 25RB

UE2 25RB

BS 35RB

UE1 11RB

UE2 11RB

BS 16RB

3 4 5 6 7 8 9 10 11

2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10

0 1

12 13 14 15

0 1

0 1 2

10111213

36

0 0.9 1.8 2.7 5.4 6.3 3.6 4.5

5.4 0 1.8 3.6

2526272829 2021222324

222324 1516171819 0 1 2 3 4 5 6 7 8 9 14

5 6 7 8 9 0 1 2 3 4

9 1011

35 373839 3031323334 15 16 17 18 19 10 11 12 13 14

0 1 2 3 4 5 6 7 8 222324 1718192021 1213141516

2 3 4 5 6

2324

2526272829

1819202122 1314151617

2021

12 11 10 9 1 0

1617

222324

0 1 2 3 4 5 6 7 8 9 101112

1718192021 12

2324

0 1 2 3 4 5 6 7 8 9 10111213

1819202122 131415

34 2930313233 2425262728 1920212223 14151617

3 2 8 7 6 5 4

18

13141516 7 8 9 1011

0 1.2 2.4 3.6 4.8 6


image1.png
Flexible
UE grciupl sche?uling i UE :%VOUPZ

ii/ BS carriLr \

BS 7MHz

7MHz

UE1 carrier

UE group 1
lower 5SMHz
25 RB Tx BW
SSB1 20RB

UE group 2
upper 5MHz
25 RB Tx BW
SSB2 20RB





