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1 Introduction

Carrier aggregation has become the agreed technology to extend the bandwidth beyond 20 MHz for LTE-Advanced, and its potential issues and possible solutions have been presented by lots of contributions in RAN1#54 [1][2][3][4][5]. In this contribution, the aggregation levels for MAC/PHY and the related PDCCH signaling are discussed. Furthermore, the method of selecting the downlink anchor carrier is presented, and the related considerations are described [6].
2 Aggregation levels for MAC/PHY and PDCCH signaling
The aggregation levels for MAC/PHY have been mentioned in [3][4][5][6]. Here further property analysis and PDCCH signaling design of the two possible alternatives are described.
2.1 Aggregation Levels
Alternative 1: Aggregation of data packets at the MAC layer 
· Advantages: 
a) Transport block will adapt to the carrier at the aspects of MCS, rank selection, etc.
· Disadvantages:

a) The signaling overhead may increase more compared to LTE Rel-8, 
Alternative 2: Aggregation of data packets at the physical layer
One transport block (two transport blocks in case of spatial multiplexing) is transmitted. 
· Advantages: 
a) Less signaling overhead is needed compared to alternative 1;

· Disadvantages:

a) Transport block will not adapt to each  component carrier;

In LTE, the maximum code block size is 6144. Transport Blocks larger than 6144 will be segmented; however, only one ACK/NACK is fed back for the whole data packet, and the coarse BLER of the large block is [1- 
[image: image1.wmf]n

error

)

P

-

(1

].
2.2 PDCCH
The PDCCH signaling can probably be done in two ways. Option 1 is that there are multiple PDCCHs, one per component carrier, sent on the same component carrier as the corresponding PDSCH. Option 1 is possible for alternative 1. 

· Advantages: 
a) Maintains the Rel-8 physical layer design for each component carrier, for example, the DCI formats may be reused.
· Disadvantages:

a) Multiple PDCCHs for a LTE-Advanced UE, hence PDCCH allocation collisions with other UEs will increase correspondingly;
b) Blind detection attempts will increase significantly, and CRC false alarm may increase accordingly.
Option 2 is that one PDCCH assigns data packet(s) on multiple component carriers, and the single PDCCH is located on one known carrier. Option 2 is possible for both alternative 1 and alternative 2. 

For option2, new DCI formats need to be defined [3], and additional several bits in the PDCCH may indicate the aggregation bandwidth.  
· Advantages: 
a) One PDCCH is carried on a known carrier, which can reduce blind detection attempts compared to Option 1.
b) With additional several indication bits, flexible carrier aggregation can be supported.
· Disadvantages:

a) Need to design new DCI formats
Except the above mentioned, other options including one PDCCH spanning all component carriers and multiple PDCCHs located on one specific component carrier have been discussed a lot in [6].
3 Anchor carrier
From a compatibility view, LTE Rel-8 UEs may receive and transmit data on each downlink component carrier and its corresponding uplink carrier. Thus, it is possible that the LTE-Advanced system is configured by multiple LTE pair carriers. Anchor carrier is introduced in [6], which facilitates to configure DRX cycles of other carriers for power saving. Here, other related considerations will be discussed as below. 

If a LTE-Advanced terminal can only transmit data packets on one uplink component carrier during a time interval, its corresponding downlink carrier can be served as the downlink anchor carrier. Thus it is helpful from the D-BCH of the anchor carrier to get the related uplink PRACH information and PUCCH resources, which is necessary for the synchronization procedure and the uplink control signaling transmissions. If the LTE-Advanced UEs can use multiple uplink carriers for transmission(s) in a subframe, one of their corresponding downlink carriers can be used as the downlink anchor carrier. Selecting which one used as the downlink anchor carrier is UE specific, but the relationship between the downlink anchor carrier and its corresponding uplink transmission carrier is cell specific. Furthermore, the downlink anchor carrier of LTE-Advanced UEs can be changed by the semi-static signaling due to load-balancing or other reason considerations.
Some control signaling for other carriers are carried on the anchor carrier;

a) Some information about the other carriers including, e.g., their measurement and CQI feedback mechanisms could be made available to the UE through the anchor carrier. 
b) DRX cycle mechanism of other component carrier is configured or released by control signaling on the anchor carrier. 

Many small packets may be only transmitted on the anchor carrier; especially VoIP should be transmitted on the anchor carrier [7], because it needs to monitor or receive within certain subframes.
4 Conclusions
In this contribution, the aggregation levels for MAC/PHY and the related PDCCH signaling are discussed for carrier aggregation, and the advantages and potential problems for each alternative are further analyzed. Furthermore, the method of selecting the downlink anchor carrier is presented, and some related considerations are described. 
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