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I t d tiI t d tiIntroductionIntroduction
Decision in RAN1#53b in Warsaw meeting• Decision in RAN1#53b in Warsaw meeting
• Extended BW (>20MHz)

F  DL  id  i  ti  i   f th  k• For DL: consider carrier aggregation in our further work

• Consideration issues
Mi i i i  f d di i  ff• Minimization of standardization efforts

• Minimization of impacts on L1 specifications
F   di i  l i l  f 100 kH• Frequency raster condition: multiple of 100 kHz

• Support of initial access to any chunk by LTE UEs
I   i l i  l i  f  • Impact on implementation complexity for 
transmitter/receiver 
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D i f 40 MH BW Alt ti 1D i f 40 MH BW Alt ti 1Design for 40 MHz BW: Alternative 1Design for 40 MHz BW: Alternative 1
0.985 MHz

1.985 MHz
(132.3 SCs)

18.015 MHz
(100 RBs)

1 MHz 0.985 MHz18.015 MHz
(100 RBs)(132.3 SCs)(100 RBs) (100 RBs)

• Straightforward extension of LTE BW cases to LTE-A band

• A guardband without any DL signal exists between the chunks• A guardband without any DL signal exists between the chunks

• Both SCHs can be placed on frequency raster with 20 MHz separation

T  20 MH  IFFT   d d i  th  NB t itt  i  th  • Two 20 MHz IFFTs are needed in the eNB transmitter, since the 
guardband BW is not a multiple of subcarrier spacing (15 kHz)

FFS if wideband RF filter with 1 MHz transition band is implementable• FFS if wideband RF filter with 1 MHz transition band is implementable
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TX / RX Bl k Di f Alt ti 1TX / RX Bl k Di f Alt ti 1TX / RX Block Diagram for Alternative 1TX / RX Block Diagram for Alternative 1
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D i f 40 MH BW Alt ti 2D i f 40 MH BW Alt ti 2Design for 40 MHz BW: Alternative 2Design for 40 MHz BW: Alternative 2
0.885 MHz

1.785 MHz
(119 SCs)

18.015 MHz
(100 RBs)

1.1 MHz 1.085 MHz18.015 MHz
(100 RBs)( )(100 RBs) (100 RBs)

• A single IFFT of 40 MHz BW in the eNB transmitter is sufficient, as the 
guardband in the middle consists of an integer number of subcarriers
Al  b h SCH   b  l d  h  f  • Also, both SCHs can be placed on the frequency raster

• The guardband in the middle is needed so that LTE UEs do not get 
interference from DL signals sent in the neighboring chunkg g g
• The guardband for LTE UEs does not sacrifice spectrum efficiency
• Allocation of 119 SCs for the guardband is for illustration purpose

Th  t i  i  h t RAN WG4 ld d id• The exact size is what RAN WG4 would decide
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Design for 40 MHz BW: Alternative 3Design for 40 MHz BW: Alternative 3

18.015 MHz
(100 RBs)

1.985 MHz 1.985 MHz18.015 MHz
(100 RBs)

Th  i   db d b t  th  h k• There is no guardband between the chunks

• But, spectrum efficiency is the same as the other alternatives

• A single IFFT of 40 MHz BW in the eNB transmitter is sufficient

• But, not both SCHs can be on the frequency raster

• as the separation is 18.015 MHz, not a multiple of 100 kHz

• LTE UEs camping in a 20 MHz chunk get interference due to DL 
ig l  t i  th  h ksignals sent in another chunk
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N i hb C t C i I t fN i hb C t C i I t fNeighbor Component Carrier InterferenceNeighbor Component Carrier Interference

DL signalDL signal

RX band of • The subcarrier signals in red acts 
i t f t th 20 MHRX band of 

UEs camping
in left 20MHz

as interference to the 20 MHz 
UE, as the signals permeate into 
the RX band through the filter 
transition region

• Thus, a guardband is needed 
between neighboring carriers

<UE RX filter response>
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D i f 30 MH BWD i f 30 MH BWDesign for 30 MHz BWDesign for 30 MHz BW

1.485 MHz
(99 SCs)

18.015 MHz
(100 RBs)

1 MHz 0.485 MHz9.015 MHz
(50 RBs)

• Equivalent to Alternative 1 of the 40 MHz case 
• Straightforward extension of LTE BW cases to LTE-A bandStraightforward extension of LTE BW cases to LTE A band
• Both SCHs can be on the frequency raster
• A single IFFT of 30 MHz BW in the eNB transmitter is• A single IFFT of 30 MHz BW in the eNB transmitter is 

sufficient, thanks to an integer number of subcarriers in 
the middle guardbandt e dd e gua dba d
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D i f 25 MH BW Alt ti 1D i f 25 MH BW Alt ti 1Design for 25 MHz BW: Alternative 1Design for 25 MHz BW: Alternative 1
0.235 MHz0.25 MHz

1.265 MHz
(84 3 SC )

18.015 MHz1 MHz 4.515 MHz
(25 RBs)(84.3 SCs)(100 RBs) (25 RBs)

• Equivalent to Alternative 1 of the 40 MHz case 
• Straightforward extension of LTE BW cases to LTE-A band
• Both SCHs can be on the frequency rasterq y
• Multiple IFFTs are needed in the eNB transmitter 
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D i f 25 MH BW Alt ti 2D i f 25 MH BW Alt ti 2Design for 25 MHz BW: Alternative 2Design for 25 MHz BW: Alternative 2
0.285 MHz0.2 MHz

1.185 MHz
(79 SC )

18.015 MHz1 MHz 4.515 MHz
(25 RB )(79 SCs)(100 RBs) (25 RBs)

• A single IFFT in the eNB transmitter is sufficient, due to the 
adjustment of the middle guardband width
Not both SCHs can be placed on the frequency raster• Not both SCHs can be placed on the frequency raster
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Alt ti 1 Oth Alt ti ( ti d)Alt ti 1 Oth Alt ti ( ti d)Alternative 1 vs. Other Alternatives (continued)Alternative 1 vs. Other Alternatives (continued)
• Merits• Merits

• Straightforward aggregation of LTE-numerology bands
• Equivalent to the case that multiple LTE cells are contiguously • Equivalent to the case that multiple LTE cells are contiguously 

deployed in a wide band

• Easily extendible to other cases of various LTE BW Easily extendible to other cases of various LTE BW 
combinations, leading to less standardization efforts

• Impact on L1 specifications is minimizedImpact on L1 specifications is minimized

• Drawbacks
Multiple IFFTs corresponding to the number of chunks are • Multiple IFFTs corresponding to the number of chunks are 
needed in the eNB transmitter

• Accordingly  UEs will need multiple FFTs in the receiver• Accordingly, UEs will need multiple FFTs in the receiver
• It may not be easy to implement corresponding RF filters 

with small edge guardbands compared to the bandwidthwith small edge guardbands compared to the bandwidth
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Alt ti 1 Oth Alt tiAlt ti 1 Oth Alt tiAlternative 1 vs. Other AlternativesAlternative 1 vs. Other Alternatives
Cell search• Cell search
• Alternative 1 guarantees that all SCHs are placed on 

the frequency raster so that LTE UEs can camp in the frequency raster so that LTE UEs can camp in 
any of the chunks

• Alternative 2 can also guarantee this by appropriate • Alternative 2 can also guarantee this by appropriate 
adjustment of the middle guardband size

• Measurement for LTE cells• Measurement for LTE cells
• Alternative 1 can support intra-frequency 

measurement for the cases that neighboring cells measurement for the cases that neighboring cells 
consist of multiple LTE carriers

• E g  Alternative 1 is identical to a natural LTE • E.g., Alternative 1 is identical to a natural LTE 
configuration for the cases that an LTE system with 40 MHz 
BW spectrum configures two 20 MHz LTE cells
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NN ti C i A titi C i A tiNonNon--contiguous Carrier Aggregationcontiguous Carrier Aggregation

I  L1 ti  i t  t d di ti  • In L1 perspective, impact on standardization 
seems the same as the contiguous case

• Key differences from the contiguous case are:
• Multiple RF blocks corresponding to the number of • Multiple RF blocks corresponding to the number of 

non-contiguous chunks would be required

It is not clear whether LTE A should support • It is not clear whether LTE-A should support 
the non-contiguous carrier aggregation
• We can define a high capability UE class which can 

support the non-contiguous case
• But, needs for these UEs in the market is not certain
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C l iC l iConclusionConclusion
Alternative 1 is slightly preferred• Alternative 1 is slightly preferred
• A wide (>20 MHz) LTE-A band is constructed by 

aggregating carriers in compliance with the LTE aggregating carriers in compliance with the LTE 
numerology

• E g  a 50 MHz contiguous LTE A band consists of two • E.g., a 50 MHz contiguous LTE-A band consists of two 
20 MHz chunk and a 10 MHz chunk

• Each chunk has guardbands at both edges based on • Each chunk has guardbands at both edges based on 
the LTE numerology

• But  it looks worth further investigating on • But, it looks worth further investigating on 
Alternative 2

It enables single IFFT / FFT implementations in the • It enables single IFFT / FFT implementations in the 
eNB / UE

13


