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Introduction
[bookmark: _GoBack]The revised WID for Rel-15 on ’Even further enhanced MTC for LTE’ [1] has updated objectives on
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
· [bookmark: _Hlk504651422]Introduce support for more flexible starting PRB for PDSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PDSCH channel bandwidth.
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.
· Introduce support for more flexible starting PRB for PUSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PUSCH channel bandwidth.
In this contribution we discuss the design of the Resource Allocation (RA) and DCI for the more flexible starting PRB for PUSCH and PDSCH. 
Background
As discussed in [2], it has been observed that the misalignment between the BL/CE narrowband (NB) and the LTE resource block groups (RBG) may cause inefficient utilization of the downlink PRBs in certain traffic conditions. Also for the uplink the allocation of BL/CE UEs with the current narrowbands may lead to inefficient utilization of the uplink PRBs. 
The alignment between the CE mode narrowbands and the downlink RBG for system bandwidth 3 to 20 MHz is depicted in Figure 1. 

[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\NarrowbandAndRbg.png]
[bookmark: _Ref505936912]Figure 1: Alignment between CE mode narrowband and downlink resource block groups (RBG).
The effect of the misalignment between the BL/CE NB and the RBG on the possible utilization of PRBs for one higher category UE when scheduling PDSCH on all 6 PRBs of one narrowband is outlined in Table 1. 
[bookmark: _Ref505937880]Table 1: Effect of the unused PRBs due to the misalignment of narrowband and resource block group for PDSCH allocation of one single higher Category UE.
	System BW [MHz]
	Total number of PRBs
	RBG size
	#RBGs per NB
	# unused PRBs due to one NB
	Effect of unused PRB
	Description of NB set

	
	
	
	Set #1
	Set #2
	Set #1
	Set #2
	Set #1
	Set #2
	Set #1
	Set #2

	1.4
	6
	1
	6
	0
	0%
	N/A

	3
	15
	2
	4
	3
	2
	0
	33,3%
	0%
	Low NB
	High NB

	5
	25
	2
	3
	4
	0
	2
	0%
	10,5%
	Low NB
	High NB

	10
	50
	3
	3
	3
	6,8%
	N/A

	15
	75
	4
	2
	3
	2
	6
	2,9%
	8,7%
	Even NB 
	Odd NB

	20
	100
	4
	2
	2
	2,1%
	N/A



To allow large number of consecutive groups of PRBs to be allocated in the uplink, PUCCH and PRACH may be allocated near the edges of the LTE system bandwidth. Thus, in practice, it might be difficult to utilize the narrowbands closest to the edges of the LTE system bandwidth and allocating the BL/CE UE in a narrowband which is not directly adjacent to the resources used for PUCCH/PRACH may lead to a fragmentation of the spectrum. With a more flexible uplink resource allocation, the BL/CE UE may be allocated with resources adjacent to the PUCCH/PRACH resources and other PUSCH resource allocations, thus avoiding spectrum fragmentation.
PDSCH resource allocation
The Rel-14 resource allocation for PDSCH is described in section 7.1.6 of [3] and is summarized in Table 2. 
[bookmark: _Ref505974721]Table 2: Resource allocation for PDSCH
	
	1.4 MHz BL/CE UE
	5 MHz BL/CE UE
	20 MHz BL/CE UE

	CE mode A DCI format 6-1A
	Resource allocation type 2 with resource block assignment field composed of:
· Narrowband index
· Resource indication value (RIV) corresponding to a starting PRB and number of contiguously allocated PRBs within the narrowband 
	Resource allocation type 2 with resource block assignment field composed of:
· Narrowband index
· Additional consecutively allocated narrowbands
· RIV corresponding to a starting PRB and number of contiguously allocated PRBs within each allocated narrowband
	Either of:
Resource allocation type 0 with resource block assignment field composed of 
· Bitmap of allocated BL/CE UE resource block groups of 6 contiguous PRBs for system BW less than 20 MHz and 9 PRBs for system BW equal to 20 MHz  
Resource allocation type 2 with resource assignment field composed of:
· Narrowband index
· Additional consecutively allocated narrowbands
· RIV corresponding to a starting PRB and number of contiguously allocated PRBs within each allocated narrowband

	CE mode B DCI format 6-1B
	A resource block assignment field composed of:
· Narrowband index
· Indication if RBs with PRB index {0, 1, 2, 3} or all 6 PRBs in the narrowband is allocated
	A resource block assignment field composed of: a bitmap of: 
· Wideband index (four consecutive narrowbands, non-overlapping between widebands)
· Bitmap of the allocated narrowbands (all 6 PRBs) within the wideband
	A resource block assignment field composed of:
· Wideband combination index
· Bitmap of the allocated narrowbands (all 6 PRBs) within each allocated wideband



The design of the resource indication value (RIV) within a narrowband for the CE mode A PDSCH resource allocations in Table 2 is shown in Figure 2. The resource allocation for CE mode B is shown in Figure 3.

[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\RIV.png]
[bookmark: _Ref505980787][bookmark: _Ref505980777]Figure 2: PDSCH and PUSCH resource block assignment within a narrowband using resource indication value (RIV).
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\PDSCH CE mode B 1.4MHz.png]
[bookmark: _Ref506291664]Figure 3: PDSCH resource block assignment within narrowband for 1.4 MHz BL/CE UE.
A summary of the size of the resource block assignment field for DCI format 6.1A and DCI format 6-1B is given in Table 3.
[bookmark: _Ref506455790][bookmark: _Ref506455785]Table 3: Size of downlink resource block assignemnt field in DCI format 6-1A for different system and BL/CE UE bandwidth. 
	System bandwidth
	Total
number of PRBs
	CE mode A, DCI format 6-1A
	CE mode B, DCI format 6-1B

	
	
	UE bandwidth
	UE bandwidth

	
	
	1.4 MHz
RA type 2
	5 MHz
RA type 2
	20 MHz
	1.4 MHz
	5 MHz
	20 MHz

	
	
	
	
	RA type 0
	RA type 2
	
	
	

	1.4 MHz
	6
	5
	5
	1 (+4)
	5
	1
	1
	1

	3 MHz
	12
	6
	7
	2 (+ 5)
	7
	2
	2
	2

	5 MHz
	25
	7
	9
	4 (+ 5)
	9
	3
	4
	4

	10 MHz
	50
	8
	11
	8 (+3)
	11
	4
	5
	6

	15 MHz
	75
	9
	12
	12 (+0)
	12
	5
	6
	7

	20 MHz
	100
	9
	12
	11 (+1)
	12
	5
	6
	7



PUSCH resource allocation
The Rel-14 resource allocation for PUSCH is described in section 8.1 of [3] and is summarized in Table 4. 
[bookmark: _Ref505979387]Table 4: Resource allocation for PUSCH
	
	1.4 MHz BL/CE UE
	5 MHz BL/CE UE

	CE mode A DCI format 6-0A
	Uplink resource allocation type 0 with resource block assignment field composed of:
· Narrowband index
· Resource indication value (RIV) corresponding to a starting PRB and number of contiguously allocated PRBs within the narrowband
	Either of:
Uplink resource allocation type 0 with resource block assignment field composed of:
· Narrowband index
· RIV corresponding to a starting PRB and number of contiguously allocated PRBs within the narrowband 
Uplink resource allocation type 4, specifying a starting PRB at either the first or fourth PRB in a narrowband and a group of contiguously allocated resource blocks in groups of 3 PRBs, via a resource block assignment field composed of 
· Resource block group indication value (RBGIV) corresponding to a starting resource block group and a set of consecutive uplink resource block groups of resource blocks

	CE mode B DCI format 6-0B
	Uplink resource allocation type 2 with resource block assignment field composed of:
· Narrowband index
· Indication either 1 or 2 allocated resource blocks within the narrowband in the set {0, 1, 2, 3, 4, 5, 0 and 1, 2 and 3}
	N/A



The uplink resource allocation type 0 used in CE mode A uses the same RIV design as for the downlink resource allocation, as shown in Figure 2. For CE mode B, the uplink resource allocation is as shown in Figure 4. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\PUSCH type 2.png]
[bookmark: _Ref506292029]Figure 4: PUSCH CE mode B type 2 resource block assignment.
The size of the resource block assignment field for DCI format 6.0A and 6-0B is given in Table 5
[bookmark: _Ref506308947]Table 5: Size of uplink resource block assignemnt field in DCI format 6-0A and 6-0B for different system bandwidth.
	System bandwidth
	Total number of PRBs
	CE mode A
 DCI format 6-0A
[bits]
	CE mode B
 DCI format 6-0B
[bits]

	1.4 MHz
	6
	5
	3

	3 MHz
	12
	6
	4

	5 MHz
	25
	7
	5

	10 MHz
	50
	8
	6

	15 MHz
	75
	9
	7

	20 MHz
	100
	9
	7



Guard period for narrowband and wideband retuning
When introducing a flexible starting PRB for PDSCH and PUSCH the effect of a potential re-tuning between narrowbands with different center frequencies needs to be considered. 
A guard period for re-tuning between downlink narrowbands with different center frequencies is defined in 6.2.8 of [4]. Similarly, a guard period is defined for frame structure type 2 when the UE retunes from an uplink narrowband to a downlink narrowband with a different center frequency.
Discussion
To minimize the impact on the size of the DCI, it is proposed that the use of flexible starting PRB is introduced as a new resource allocation type that is semi statically configured per UE.
[bookmark: _Toc506464637][bookmark: _Toc506465495][bookmark: _Toc506465590][bookmark: _Toc506466209][bookmark: _Toc506467164][bookmark: _Toc506467882][bookmark: _Toc506467936][bookmark: _Toc506468082][bookmark: _Toc506468230][bookmark: _Toc506468314][bookmark: _Toc506468340][bookmark: _Toc506559807]The flexible starting PRB is introduced as a new resource allocation type that is semi statically configured per UE.
To fully utilize the efficiency enhancement for both PDSCH and PUSCH at least for a UE operating in CE mode A and allocations within 1.4 MHz (i.e. an allocation of less than or equal to 6 PRBs) it is proposed that the starting PRB for the resource allocation should be possible to be selected from all PRBs within the system bandwidth.
[bookmark: _Toc506465496][bookmark: _Toc506465591][bookmark: _Toc506466210][bookmark: _Toc506467165][bookmark: _Toc506467883][bookmark: _Toc506467937][bookmark: _Toc506468083][bookmark: _Toc506468231][bookmark: _Toc506468315][bookmark: _Toc506468341][bookmark: _Toc506559808]At least for an allocation within 1.4 MHz (i.e. an allocation of less than or equal to 6 PRBs) and for a UE operating in CE mode A, the starting PRB for the resource allocation for both PDSCH and PUSCH should be possible to be selected from all PRBs within the system bandwidth.
To fully utilize the efficiency enhancement in PUSCH for a UE operating in CE mode B, it is proposed that the starting PRB for the PUSCH resource allocation should be possible to be selected from all PRBs within the system bandwidth.
[bookmark: _Toc506465497][bookmark: _Toc506465592][bookmark: _Toc506466211][bookmark: _Toc506467166][bookmark: _Toc506467884][bookmark: _Toc506467938][bookmark: _Toc506468084][bookmark: _Toc506468232][bookmark: _Toc506468316][bookmark: _Toc506468342][bookmark: _Toc506559809]For PUSCH allocation for a UE operating in CE mode B, the starting PRB for the resource allocation should be possible to be selected from all PRBs within the system bandwidth.
To allow for scheduling multiple PDSCH transmissions with MPDCCH back-to-back with a PDSCH transmission without the need for retuning, it is proposed that at least for 1.4 MHz BL/CE UE the allocated PRBs with flexible starting PRB shall be a superset of the current resource allocation within a narrowband. 
[bookmark: _Toc506464638][bookmark: _Toc506465498][bookmark: _Toc506465593][bookmark: _Toc506466212][bookmark: _Toc506467167][bookmark: _Toc506467885][bookmark: _Toc506467939][bookmark: _Toc506468085][bookmark: _Toc506468233][bookmark: _Toc506468317][bookmark: _Toc506468343][bookmark: _Toc506559810]At least for 1.4 MHz BL/CE UE the allocated PRBs with flexible starting PRB shall be a superset of the current resource allocations.
Resource allocation for 1.4 MHz BL/CE UE
This subsection discusses flexible starting PRB for resource allocation of 1.4 MHz BL/CE UEs for PDSCH and PUSCH. 
PDSCH for CE mode A and 1.4 MHz BL/CE UE
It was observed in [2] that an allocation of all possible consecutive groups of {1, 2, 3, 4, 5, 6} PRBs within the system bandwidth may be provided via a resource indication value (RIV) computed as




where  is the starting PRB and is the number of consecutively allocated PRBs {1, 2, 3, 4, 5, 6} at this starting PRB. 


The starting PRB is thus computed as  and the number of consecutively allocated PRBs as. The number of bits required for the RIV value is summarized in Table 6.
[bookmark: _Ref506456538]Table 6: Number of bits required for flexible starting PRB for PDSCH resource allocation for 1.4 MHz BL/CE UE in CE mode A.
	System bandwidth
	Total number of PRBs
	Maximum RIV value
	Required size of resource allocation field for RIV values
[bits]
	Size of Rel-14 resource block assignment in 
DCI format 6-1A
for 1.4 MHz BL/CE UE
[bits]

	1.4 MHz
	6
	30
	5
	5

	3 MHz
	12
	66
	7
	6

	5 MHz
	25
	144
	8
	7

	10 MHz
	50
	296
	9
	8

	15 MHz
	75
	504
	9
	9

	20 MHz
	100
	594
	10
	9






[bookmark: _Toc506310974][bookmark: _Toc506311814][bookmark: _Toc506311832][bookmark: _Toc506455342][bookmark: _Toc506456773][bookmark: _Toc506457091][bookmark: _Toc506464639][bookmark: _Toc506465499][bookmark: _Toc506465594][bookmark: _Toc506466213][bookmark: _Toc506467168][bookmark: _Toc506467886][bookmark: _Toc506467940][bookmark: _Toc506468086][bookmark: _Toc506468234][bookmark: _Toc506468318][bookmark: _Toc506468344][bookmark: _Toc506559811]Introduce flexible starting PRB for PDSCH for 1.4 MHz BL/CE UE operating in CE mode A with a resource allocation based on resource indication value  where  is the starting PRB and is the number of consecutively allocated PRBs {1, 2, 3, 4, 5, 6} at this starting PRB.
PDSCH for CE mode B and 1.4 MHz BL/CE UE
For a 1.4 MHz BL/CE UE in CE mode B, it is proposed to use a resource block assignment based on a resource indication value (RIV) computed as






where the index defines the starting PRB of the allocation as the first PRB of the RBG or narrowband addressed by the index, and = 0 indicates that the 4 consecutive PRBs from the starting PRB are used and = 1 indicates that the 6 consecutive PRBs from the starting PRB are used. 
The size of the required resource block assignment field for the proposed allocation is shown in Table 8
Table 7: Number of bits required for flexible starting PRB for PDSCH resource allocation for 1.4 MHz BL/CE UE in CE mode B.
	System BW [MHz]
	Total number of PRBs
	RBG size
	Number of RBGs with valid stating PRB for CE mode B allocation
	Number of narrowbands with starting PRB not aligned with RBG
	Maximum RIV value
	Required size of resource allocation field for RIV values
[bits]
	Size of Rel-14 resource block assignment field in DCI format 6-1B for 1.4 MHz

	1.4
	6
	1
	3
	0
	3
	2
	1

	3
	12
	2
	6
	1
	13
	4
	2

	5
	25
	2
	11
	2
	25
	5
	3

	10
	50
	3
	16
	8
	47
	6
	4

	15
	75
	4
	18
	9
	53
	6
	5

	20
	100
	4
	25
	8
	65
	7
	5







[bookmark: _Toc506310975][bookmark: _Toc506311815][bookmark: _Toc506311833][bookmark: _Toc506455343][bookmark: _Toc506456774][bookmark: _Toc506457092][bookmark: _Toc506464640][bookmark: _Toc506465500][bookmark: _Toc506465595][bookmark: _Toc506466214][bookmark: _Toc506467169][bookmark: _Toc506467887][bookmark: _Toc506467941][bookmark: _Toc506468087][bookmark: _Toc506468235][bookmark: _Toc506468319][bookmark: _Toc506468345][bookmark: _Toc506559812]Introduce flexible starting PRB for PDSCH for 1.4 MHz BL/CE UE operating in CE mode B, with a resource block assignment based on a resource indication value (RIV) computed as where the starting PRB of the allocation is the first PRB of the RBG or narrowband addressed via the index  to the set of RBGs and narrowbands, and = 0 indicates that the 4 consecutive PRBs from the starting PRB are used and = 1 indicates that the 6 consecutive PRBs from the starting PRB are used.

PUSCH for CE mode A and 1.4 MHz BL/CE UE
For the uplink resource allocation in CE mode A for a 1.4 MHz BL/CE UE the resource allocation can be similarly defined as for PDSCH CE mode A and 1.4 MHz BL/CE UE via a resource indication value (RIV) computed as




where  is the starting PRB and is the number of consecutively allocated PRBs {1, 2, 3, 4, 5, 6} at this starting PRB. 


The starting PRB is thus computed as  and the number of consecutively allocated PRBs as. The number of bits required for the RIV value is summarized in Table 8. 
[bookmark: _Ref506310964]Table 8: Number of bits required for flexible starting PRB for PUSCH resource allocation for 1.4 MHz BL/CE UE in CE mode A.
	System bandwidth
	Total number of PRBs
	Maximum RIV value
	Required size of resource allocation field for RIV values
[bits]
	Size of Rel-14 resource block assignment in 
DCI format 6-0A
for 1.4 MHz BL/CE UE
[bits]

	1.4 MHz
	6
	30
	5
	5

	3 MHz
	12
	66
	7
	6

	5 MHz
	25
	144
	8
	7

	10 MHz
	50
	296
	9
	8

	15 MHz
	75
	504
	9
	9

	20 MHz
	100
	594
	10
	9






[bookmark: _Toc506310976][bookmark: _Toc506311816][bookmark: _Toc506311834][bookmark: _Toc506455344][bookmark: _Toc506456775][bookmark: _Toc506457093][bookmark: _Toc506464641][bookmark: _Toc506465501][bookmark: _Toc506465596][bookmark: _Toc506466215][bookmark: _Toc506467170][bookmark: _Toc506467888][bookmark: _Toc506467942][bookmark: _Toc506468088][bookmark: _Toc506468236][bookmark: _Toc506468320][bookmark: _Toc506468346][bookmark: _Toc506559813]Introduce flexible starting PRB for PUSCH for 1.4 MHz BL/CE UE operating in CE mode A with a resource allocation based on resource indication value  where  is the starting PRB and is the number of consecutively allocated PRBs {1, 2, 3, 4, 5, 6} at this starting PRB.

PUSCH for CE mode B and 1.4 MHz BL/CE UE
For the uplink resource allocation in CE mode B for a 1.4 MHz BL/CE UE the resource allocation can be defined via a resource indication value (RIV) computed as





where  is the starting PRB and = 0 indicates that only the starting PRB is allocated and = 1 indicates that two consecutive PRBs are allocated from the starting PRB.
The number of bits required for the RIV value is summarized in Table 9.
[bookmark: _Ref506311327]Table 9: Number of bits required for flexible starting PRB for PUSCH resource allocation for 1.4 MHz BL/CE UE in CE mode B.
	System bandwidth
	Total number of PRBs
	Maximum RIV value
	Required size of resource allocation field for RIV values
[bits]
	Size of Rel-14 resource block assignment in 
DCI format 6-0B
for 1.4 MHz BL/CE UE
[bits]

	1.4 MHz
	6
	10
	4
	3

	3 MHz
	12
	22
	5
	4

	5 MHz
	25
	48
	6
	5

	10 MHz
	50
	98
	7
	6

	15 MHz
	75
	148
	8
	7

	20 MHz
	100
	198
	8
	7







[bookmark: _Toc506311817][bookmark: _Toc506311835][bookmark: _Toc506455345][bookmark: _Toc506456776][bookmark: _Toc506457094][bookmark: _Toc506464642][bookmark: _Toc506465502][bookmark: _Toc506465597][bookmark: _Toc506466216][bookmark: _Toc506467171][bookmark: _Toc506467889][bookmark: _Toc506467943][bookmark: _Toc506468089][bookmark: _Toc506468237][bookmark: _Toc506468321][bookmark: _Toc506468347][bookmark: _Toc506559814]Introduce flexible starting PRB for PUSCH for 1.4 MHz BL/CE UE operating in CE mode B with a resource allocation based on resource indication value  where  is the starting PRB and = 0 indicates that only the starting PRB is allocated and = 1 indicates that two consecutive PRBs are allocated from the starting PRB.
Conclusion
Based on the discussion above we propose the following:

Proposal 1	The flexible starting PRB is introduced as a new resource allocation type that is semi statically configured per UE.
Proposal 2	At least for an allocation within 1.4 MHz (i.e. an allocation of less than or equal to 6 PRBs) and for a UE operating in CE mode A, the starting PRB for the resource allocation for both PDSCH and PUSCH should be possible to be selected from all PRBs within the system bandwidth.
Proposal 3	For PUSCH allocation for a UE operating in CE mode B, the starting PRB for the resource allocation should be possible to be selected from all PRBs within the system bandwidth.
Proposal 4	At least for 1.4 MHz BL/CE UE the allocated PRBs with flexible starting PRB shall be a superset of the current resource allocations.



Proposal 5	Introduce flexible starting PRB for PDSCH for 1.4 MHz BL/CE UE operating in CE mode A with a resource allocation based on resource indication value  where  is the starting PRB and is the number of consecutively allocated PRBs {1, 2, 3, 4, 5, 6} at this starting PRB.




Proposal 6	Introduce flexible starting PRB for PDSCH for 1.4 MHz BL/CE UE operating in CE mode B, with a resource block assignment based on a resource indication value (RIV) computed as where the starting PRB of the allocation is the first PRB of the RBG or narrowband addressed via the index  to the set of RBGs and narrowbands, and = 0 indicates that the 4 consecutive PRBs from the starting PRB are used and = 1 indicates that the 6 consecutive PRBs from the starting PRB are used.



Proposal 7	Introduce flexible starting PRB for PUSCH for 1.4 MHz BL/CE UE operating in CE mode A with a resource allocation based on resource indication value  where  is the starting PRB and is the number of consecutively allocated PRBs {1, 2, 3, 4, 5, 6} at this starting PRB.




Proposal 8	Introduce flexible starting PRB for PUSCH for 1.4 MHz BL/CE UE operating in CE mode B with a resource allocation based on resource indication value  where  is the starting PRB and = 0 indicates that only the starting PRB is allocated and = 1 indicates that two consecutive PRBs are allocated from the starting PRB.
[bookmark: _Toc481758811][bookmark: _Toc481759201][bookmark: _Toc481761659][bookmark: _Toc481765718][bookmark: _Toc481765766][bookmark: _Toc481766048][bookmark: _Toc481766057][bookmark: _Toc490153043][bookmark: _Toc490153108][bookmark: _Toc490228960][bookmark: _Toc490229029]
References
RP-172811, “Revised WID on Even further enhanced MTC for LTE” 
R1-1717001, “Flexible PDSCH/PUSCH resource allocation for MTC”, Ericsson
[bookmark: _Ref505974664]3GPP TS 36.213
[bookmark: _Ref505981342]3GPP TS 36.211



	2/11	
image2.png
Narrowband

Allocation of 1 PRB 0 | 12 | 3|4 | 5

6 8 10

Allocation of 2 PRBs

Allocation of 3 PRBs

Allocation of 4 PRBs

Allocation of 5 PRBs

Allocation of 6 PRBs





image3.png
Narrowband

Allocation of 4 PRBs 0

Allocation of 6 PRBs 1





image4.png
Allocation of 1 PRB
Allocation of 2 PRBs

Narrowband

3

3K

][]

6

7





image5.wmf
1

6

-

+

×

=

CRB

start

L

RB

RIV


oleObject1.bin

image6.wmf
start

RB


oleObject2.bin

image7.wmf
CRB

L


oleObject3.bin

image8.wmf
ë

û

6

/

RIV


oleObject4.bin

image9.wmf
ë

û

1

6

/

6

+

×

-

RIV

RIV


oleObject5.bin

image10.wmf
1

6

-

+

×

=

CRB

start

L

RB

RIV


oleObject6.bin

oleObject7.bin

oleObject8.bin

image11.wmf
1

2

-

+

×

=

RB

start

I

I

RIV


oleObject9.bin

image12.wmf
start

I


oleObject10.bin

image13.wmf
RB

I


oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

image14.wmf
1

2

-

+

×

=

RB

start

I

RB

RIV


oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

oleObject29.bin

oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

image1.png
3MHz

5MHz

10 MHz

15 MHz

20 MHz

NB

PRB

RBG

NB

PRB

RBG

NB

P

B

RBG

N8

I3

B

RBG

NB

PRB

RBG

] [ NB1 |
‘sl?‘xlu‘nlvv‘v/lv(‘u‘

[Reco [ rec1 [rec2 [ reG3 [ eG4 [ ReGs [ReGs [ 7 |

[ NBO | NBL ] [ NB2 | NB3 |

T R =

[Reco [ rec1 [ reG2 [ ReG3 | ReGa | ReGs | ReGo [ RBG7 | ReG8 | R8G9 [ReG10[RBG11]12]

[ NBO [ NBL [ NB2 | NB3 |

NB4.

NBS

NB6

NB7.

LR EEEEEE EE R EE EEE EEE R EE FEE L e e o =]

[[Reco | RBG1 | RBG2 | RBG3 | RBG4 | RBG5 | RBG6 | RBG7 | RBG8 | RBGY | RBG10 | RBGLL | RBG12 | RBG13 | RBG14 | RBG15 |RBGLE

[ NBO [ NBL [ NB2 | NB3 |

NB4.

NBS

NB6

| NB1L |

EEEERE

R EFE EEEEEE R

BIE!

FlEEEE - FEEEEE

[0 | ReGL | RBG2 | RBG3 | RBG4 | RBGS | RBG6 | RBG7 | RBGB | RBG9 | RBGIO | - [ RBG17 | RBGIS |
[ NBO | NB1 | NB2 | NB3 | NB4 | [ NB16 |

‘)lv‘)l«‘A‘( '|x‘ﬁ|vv‘vv|n‘n| ‘M‘v"wlu‘)x|H‘)7|/\‘)A|)s‘m 7|/><‘)s|u‘<v| ‘w‘Mlu‘vslw‘wlax‘wl

[ meeo [ RBGL | RBG2Z | RBG3 | RBG4 | RBGS | RBG6 | RBG7 | [ reG23 [ reGa |





