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1/ Introduction
Scalable bandwidth and UE capability issues have been discussed in [R1-051147] and [R1-051309]. However no concrete decision has been made. 
Many contributions so far have provided system design solutions and simulation results assuming a system where all Cells use the same bandwidth and all UEs are capable of receiving such a bandwidth. In reality however it is usually not the case. 

This contribution discusses the above issues in more details in order to highlight some basic requirements/concepts that need to be taken into account when discussing some other system design solutions.          

2/ Discussion
2.1/ Camping of different UE cap on a wideband cell 
[R1-051147] showed very basic DL concept on how UE of different capability can establish initial contact (synchronization & cell search) with a cell that may use different transmission bandwidth (1.25/2.5/5/10/15/20MHz). The UE capability is defined as maximum reception bandwidth (1.25/2.5/5/10/15/20MHz) that UE can support. The important message from [R1-051147] is that, in general, 

· System must enable efficient sharing of cell transmission bandwidth between UEs having different capabilities. 
· Any UE must be able to communicate with cell using any transmission bandwidth (1.25/2.5/5/10/15/20MHz)

[R1-051309] further discussed pros/cons (with regard to performance of cell search and BCH reception) for different UE capability and proposed that 5MHz should be assumed as minimum UE capability.

In this document, we repeat our proposal that 5MHz should be assumed as minimum UE capability for two additional reasons: 

· Current WCDMA UE already supports 5MHz bandwidth. So obviously, LTE terminal should at leat be able to receive 5MHz bandwidth.

· Defining smaller UE capability would unnecessarily complicate system design. For example, system needs to handle scheduling for more types of UEs bandwidth camping on different part of cell spectrum, more signalling would result.  

Other higher UE capability could be 10/15/20MHz.  

Having said that, the remainder of this paper will focus on discussion of scenarios where cell bandwidth is larger than 5MHz. The case where cell bandwidth is not larger than 5MHz can be discussed separately since effectively there is only one UE capability in this case.   

When 10/15/20MHz transmission bandwidth is available, system can organize the camping of UEs having different capabilities in frequency domain in the manner as shown in Figure 1/2/3 respectively. As the result, only one IFFT block of size 1024/1536/2048 respectively is needed for each transmit antenna at the BTS. See also example in Figure 4. 
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Figure 1: Camping of different UE caps in 20MHz cell bandwidth
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Figure 2: Camping of different UE caps in 15MHz cell bandwidth
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Figure 3: Camping of different UE caps in 10MHz cell bandwidth
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Figure 4: Example of multiplexing a 5MHz UE and a 20MHz UE in a 20MHz bandwidth cell

By camping it means that each 5/10/15/20 MHz UE shall tune its carrier frequency to appropriate fKx150 where K=0, 1, 2, 3 so that it can perform the same RF processing, then the same FFT of size 512/1024/1536/2048 to receive 300/600/900/1200 desired sub-carriers respectively regardless of the position of the camped band within cell transmission bandwidth. See also example in Figure 4. Note that the sub-carrier seen by a UE as main carrier (or DC) shall not be use for carrying any information for that UE. 

This way of camping and multiplexing enables BTS & UE complexity to be kept to minimum. 


Figure 1
 to Figure 3 show minimum recommended options for camping as they provide sufficient mean for system to uniformly distribute the UE on a wide band cell. More options would unnecessarily complicate system design, especially scheduling, multiplexing, and signalling. 
2.1/ Camping procedure for small capability UE in wideband cell
To simplify further discussion, we focus on 5MHz UE capability.

Firstly, current working assumption about LTE UE states is recap in Figure 5 below
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Figure 5: Example of multiplexing a 5MHz and a 20MHz UE in a 20MHz bandwidth cell

Given the working assumption, followings are basic principle for camping procedure:

· UE will use synchronization channel (SYNCH) and broadcast channel (BCH) located in centre green band for initial time/frequency synchronization and cell search.

· UE in LTE-Idle state should camp on 5MHz centre band so that it could regular read BCH for Location Area Update & other information as well as paging channel (PCH). 
· If LTE-Idle UE initiates request to be moved to LTE-Active state (for example: to update its location, to initiate call, to respond to a page) it will use random access channel (RACH) in the UL and shared channel (SCH) in DL. 

· For a UE requiring change of state from LTE-Idle to LTE-Active for more active connectivity, the system should order the UE to camp on a non-centre yellow band to reduce load on the centre band. Of course system can have  the UE camped on the centre band as well

· UE in LTE-Active state regular monitors shared control channel (SCCH) to receive shared data channel (SDCH) in that non-centre band. Additional paging mechanism can be used to switch UE between MAC-Active & MAC-Dormant states (sub-states of LTE-Active state).
· UE moves (or is moved) to LTE-Idle state when there is no connectivity and camps on centre band.    

According to Figure 1 to Figure 3, all UEs in cyan bands are in either LTE-Idle or LTE-Active states. All users in yellow bands are in LTE-Active states only.    
3/ Conclusion

In this contribution, we 
· Discuss and provide more details on how system should be design to handle different UE capabilities in a wide band cell to achieve high flexibility and low complexity. 

· Propose that 5MHz should be the minimum UE capability to simplify system design

The corresponding text proposal can be found in Annex.

This contribution also provides our view on camping procedure for UE in a wide band cell
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7.1.1.2.3
Downlink multiplexing for different UE capabilities

It is currently assumed that minimum UE capability will be able to support maximum reception bandwidth of 5MHz. 

When 1.25/2.5/5MHz transmission bandwidth is available, all UEs will camp and share the whole transmission bandwidth.

When 10/15/20MHz transmission bandwidth is available, system can organize the camping (or multiplexing) of UEs having different capabilities in frequency domain in the manner as shown in Figure 7.1.1.2.3-1/2/3 respectively. This means that BTS only needs one IFFT block of size 1024/1536/2048 respectively for each transmit antenna.
By camping it means that each 5/10/15/20 MHz UE will tune its carrier frequency to appropriate fKx150 where K=0, 1, 2, 3 so that it can perform the same RF processing, then same FFT of size 512/1024/1536/2048 to receive 300/600/900/1200 desired sub-carriers respectively regardless of the position of the camped band within the transmission band. 
Figure 7.1.1.2.3-1 to Figure 7.1.1.2.3-3 show minimum recommended options for camping as they provide sufficient mean for system to uniformly distribute the UEs on a wide band cell. 
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Figure 7.1.1.2.3-1. Camping/multiplexing of different UE capabilities in 20MHz cell bandwidth
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Figure 7.1.1.2.3-2. Camping/multiplexing of different UE capabilities in 15MHz cell bandwidth
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Figure 7.1.1.2.3-3. Camping/multiplexing of different UE capabilities in 10MHz cell bandwidth
_1196084231.vsd
SDCH�

SDCH�

SDCH�







SDCH�

SDCH�

SDCH�

Pilot 2�

Active Sub-carriers�

Pilot 1�

�

SCCH�

�

�

0.5msec TTI�

�

�

t0�

t1�

t2�

t3�

t4�

t5�

t3'�

�

t0'�

Regardless of where UE is camping, channel estimation can be done in the same manner.
UE of different caps can share same SCCH �

Active Sub-carriers�

�

0.5msec TTI�

t0�

t1�

t2�

t3�

t4�

t5�

t3'�

SDCH�

SCCH�

SDCH�

SDCH�







SDCH�

SDCH�

SDCH�

�

Pilot 1�

�

SCCH�

�

Pilot 1�

�

SDCH�

Pilot 2�

�

�

�

�

t0'�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

f-600�

f+600�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+450�

f+300�

f+37�

f-38�

f-300�

f-450�

20MHz UE�

15MHz UE�

10MHz UE�

10MHz UE�

10MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

10MHz UE�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+450�

f+300�

f+37�

f-38�

f-300�

f-450�

20MHz UE�

15MHz UE�

10MHz UE�

10MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+300�

f+37�

f-38�

f-300�

20MHz UE�

15MHz UE�

10MHz UE�


_1197808854.vsd
SDCH�

SDCH�

SDCH�







SDCH�

SDCH�

SDCH�

Pilot 2�

Active Sub-carriers�

Pilot 1�

�

SCCH�

�

�

0.5msec TTI�

�

�

t0�

t1�

t2�

t3�

t4�

t5�

t3'�

�

t0'�

Regardless of where UE is camping, channel estimation can be done in the same manner.
UE of different caps can share same SCCH �

Active Sub-carriers�

�

0.5msec TTI�

t0�

t1�

t2�

t3�

t4�

t5�

t3'�

SDCH�

SCCH�

SDCH�

SDCH�







SDCH�

SDCH�

SDCH�

�

Pilot 1�

�

SCCH�

�

Pilot 1�

�

SDCH�

Pilot 2�

�

�

�

�

t0'�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

f-600�

f+600�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+450�

f+300�

f+37�

f-38�

f-300�

f-450�

20MHz UE�

15MHz UE�

10MHz UE�

10MHz UE�

10MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

15MHz UE�

15MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

10MHz UE�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+450�

f+300�

f+37�

f-38�

f-300�

f-450�

20MHz UE�

15MHz UE�

10MHz UE�

10MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+300�

f+37�

f-38�

f-300�

20MHz UE�

15MHz UE�

10MHz UE�

UE2�

UE1�

UE3�

UE4�

Average CQI report in 1.25MHz�

Power of SCCH�

300 active sub-carriers�

TTI�

UE2�

UE1�

UE3�

UE4�

CQI report per block�

Power of SCCH�

300 active sub-carriers�

TTI�

MBMS�

512
IFFT�

MBMS TTI�

CP�

RF�

SCH�

1536
IFFT�

CP�

SCH TTI�

RF�

RF
combiner�

5MHz BW�

15MHz BW�

5MHz  (UE3_1,UE3_2,UE3_3,UE3_4)�

1_3�

3_2�

f0�

f-600�

f+600�

f-150�

f+150�

4_4�

f+450�

f+300�

1_3�

0_1�

4_4�

4_3�

f-300�

f-450�

20MHz (UE0_1,UE0_2,UE0_3,UE0_4)�

0_1�

UE2_2�

10MHz (UE1_1,UE1_2,UE1_3,UE1_4)�

10MHz UE3  (UE2_1,UE2_2,UE2_3,UE2_4)�

UE0_2�

5MHz  (UE4_1,UE4_2,UE4_3,UE4_4)�

SDCH�

Camp 
bands�

UE3_2�

UE0_1�

UE1_3�

UE4_3�

UE4_4�

UE2_2�

3_1�

3_3�

3_4�

UE3_1�

UE3_3�

UE3_4�

UE0_2�

SCCH
(Part1 Only?)�

2048
IFFT�

MB
MS�

Uni cast�

Guard sub-carriers�

CP�

RF�

MB
MS�

CP�

RF�

512
FFT�

Either long or short CP�

RF�

MB
MS�

Uni cast�

CP�

2048
FFT�

5MHz UE�

20MHz UE�

2048
IFFT�

RF�

MB
MS�

CP�

RF�

MB
MS�

512
FFT�

2048
IFFT�

Uni cast�

CP�

RF�

512
FFT�

CP�

Uni cast�

5MHz UE�

20MHz UE�

Short CP�

MB
MS�

Long CP�

Guard sub-carriers�

ADD�

CP�

Guard sub-carriers�

RF�

1536
FFT�

CP�

Short CP�

Long CP�

Long CP�

2048
IFFT�

RF�

CP�

Uni
cast�

Uni cast�

Guard sub-carriers�

Short CP�

Uni
cast�

RF�

CP�

512
FFT�

RF�

CP�

2048
FFT�

Uni
cast�

Uni cast�

5MHz UE�

20MHz UE�

Analog low-pass anti-aliasing filter
with cut-off freq between 2.5 and 3.84 MHz �

A to D converter with sampling freq of 7.68MHz�

Down freq conversion�

-(S3,1)*�

1st�

2nd�

3rd�

4th�

5th�

6th�

7th�

S1,1�

S1,2�

S1,3�

S1,N�

S2,1�

S2,2�

S2,3�

S2,N�

S3,1�

-(S3,2)*�

(S2,1)*�

-(S3,3)*�

-(S3,N)*�

S3,2�

S3,3�

S3,N�

S6,1�

S6,2�

S6,3�

S6,N�

S7,1�

S7,2�

S7,3�

S7,N�

(S2,2)*�

(S2,3)*�

(S2,N)*�

*�

�

-�

(S6,1)*�

(S6,2)*�

(S6,3)*�

(S6,N)*�

-(S7,1)*�

-(S7,2)*�

-(S7,3)*�

-(S7,N)*�

*�

�

-�

*�

�

-�

Input to IFFT of Antenna 1�

Input to IFFT of Antenna 2�

Frequency�

TIme�


_1199175265.vsd
2048
IFFT�

RF�

CP insert�

�

UE1 camp band
301 sub-carrires�

RF�

CP remove�

512
FFT�

2048
FFT�

5MHz UE1�

20MHz UE2�

DC1�

DC2�

A/D &
filter�

DC1�

DC2�

CP remove�

UE2 camp band
1201 sub-carriers�

A/D & filter�

RF�

BTS�


_1199175900.vsd
�

LTE 
Idle 
State�

MAC Active 
State�

MAC Dormant State�

�

LTE Active State�

Active connectivity�

No Active connectivity�

Active data 
bust�

Silence 
bust�


_1196084167.vsd
SDCH�

SDCH�

SDCH�







SDCH�

SDCH�

SDCH�

Pilot 2�

Active Sub-carriers�

Pilot 1�

�

SCCH�

�

�

0.5msec TTI�

�

�

t0�

t1�

t2�

t3�

t4�

t5�

t3'�

�

t0'�

Regardless of where UE is camping, channel estimation can be done in the same manner.
UE of different caps can share same SCCH �

Active Sub-carriers�

�

0.5msec TTI�

t0�

t1�

t2�

t3�

t4�

t5�

t3'�

SDCH�

SCCH�

SDCH�

SDCH�







SDCH�

SDCH�

SDCH�

�

Pilot 1�

�

SCCH�

�

Pilot 1�

�

SDCH�

Pilot 2�

�

�

�

�

t0'�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

f-600�

f+600�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+450�

f+300�

f+37�

f-38�

f-300�

f-450�

20MHz UE�

15MHz UE�

10MHz UE�

10MHz UE�

10MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

10MHz UE�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+450�

f+300�

f+37�

f-38�

f-300�

f-450�

20MHz UE�

15MHz UE�

10MHz UE�

10MHz UE�

5MHz UE�

5MHz UE�

5MHz UE�

f0�

f-150�

f+150�

SYNCH/BCH/PCH/SCH�

f+300�

f+37�

f-38�

f-300�

20MHz UE�

15MHz UE�

10MHz UE�


