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1. Introduction

Carrier/Spectrum aggregation have been proposed to support larger transmission bandwidths for LTE-A.  In this contribution we summarize the design aspects for carrier aggregation.
2. Current discussion topics on Carrier /Spectrum Aggregation 
An e-mail discussion on support for wider bandwidths in LTE-Advanced was started. The following summarizes Motorola’s view on the discussion topics:

a. Component carrier aggregation numerology 
Component carriers should have the same numerology as for Release 8 LTE carriers and occupy a maximum of 110 RBs.

b. Spectrum utilization and the need for guard bands between component carriers

Our view is to start the study/development in RAN1 under the assumption of the same numerology as in Rel-8 and without any particular deployment assumption such as guard band/subcarriers needed between adjacent component carriers and the center frequency spacing. We also suggest consultation early with RAN4 on the two above issues 

c. Bandwidth Aggregation and DL/UL asymmetry
LTE-A should be able to operate with the DL and UL allocation being asymmetric or symmetric.  Also, the following questions needs to be addressed: 

i) Can the component carrier BW be <=20MHz.  This may be needed.

ii) Aggregation that results in a total BW <=20MHz may be allowed for carriers which are not contiguous, and for contiguous aggregation where the combined BW is currently not supported in RAN4.

iii) Inputs for RAN4 is also necessary on likely deployment scenarios for asymmetric aggregation (e.g. whether the "unpaired" DL or UL component comes from FDD or TDD band?)   

d. Non-contiguous carrier aggregation 
Non-contiguous aggregation support is desirable to some operators.  As such, non-contiguous carrier aggregation in addition to contiguous carrier aggregation should be investigated. Support of non-adjacent case requires investigation of UE and eNB implementation such as single or multiple transceiver chains (DL and UL), eNB PA implementation etc. the answer  to which also impacts the specification and technology choices (e.g., clustered-DFT CM can degrade under multiple transceiver chains).  
e. MAC to physical layer mapping
The aggregation of the data streams from different carriers can be done at the MAC layer or the physical layer.  

i) Aggregation of data streams at the MAC layer:

a. Multi-codeword (MCW) transmission on per carrier basis

b. Selection of AMC, HARQ and MIMO schemes on per-carrier basis

c. Same numerology, soft-buffer size, transport block size as LTE Release-8.

d. Multiple HARQ processes needs to be supported for a single user with multiple A/N.

e. eNode-B has to monitor multiple CQI reports from carriers being aggregated.

f. DL and UL should have the same number of carriers for TDD.

g. UL will loose the single carrier property of Release-8 if multiple carriers are supported on UL.

h. Minimal standardization and implementation impact.

i. Scheduler can choose the appropriate carrier for data transmission, if the interference on other carriers is above a set threshold.  As such, the UE only monitors a smaller subset of component carriers.

ii) Aggregation of data streams at the Physical layer:
a. MCW transmission over the whole aggregated carrier bandwidth resulting in larger PDU size than Rel-8.

b. Selection of AMC, HARQ and MIMO schemes over whole carrier bandwidth

c. One HARQ process per UE with single A/N.

d. Potentially large standards and implementation impact.

Aggregation at the MAC layer is preferred for both DL and UL due to component carrier dependant link adaptation (e.g., MCS control), but it is tied to design of control and broadcast channels, multiple access schemes for UL etc.

3. Additional discussion topics 

Several other issues need to be addressed on carrier aggregation.  They are as follows:

A) SCH and P-BCH Structures

There are two approaches on this issue namely a) every carrier being aggregated contains SCH and PBCH and b) only a single component carrier contains SCH and P-BCH.  Since the overhead of P-BCH and S-SCH is relatively small, it is preferable to select option (a) so that Rel-8 terminals can be supported and the carrier search in a higher aggregated bandwidth scenario is efficient.
B) DL Control Channel
The structure of PCFICH, PHICH and PDCCH needs to be investigated when multiple carriers are aggregated.
PCFICH: Two options are available for defining the PCFICH structure for wider bandwidth. 

a. Option 1: The number of PDCCH symbols available is common to all carriers and the PCFICH is transmitted in one component carrier or on all the component carriers.
b. Option 2: The number of PDCCH symbols is different for each component carrier.  In this case PCFICH can also be transmitted in one component carrier or on all component carriers.  In case PCFICH is only transmitted in one component carrier, an extended PCFICH configuration will be required. 
With Option-2, the PDCCH overhead can be optimized since the load on different component carriers will not be same.  However, we are still studying whether the PCFICH will be transmitted with a common control channel using a primary carrier or using a per carrier control channel.
PDCCH: Control channel design is the key to efficient operation of an LTE-A system.  The following alternatives are considered as shown in Figure 1.
i) Control channel on same component carrier as the data channel.

ii) Control channel transmission in one component carrier.

iii) Control channel always spans the entire bandwidth.
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Figure 1.  PDCCH design for LTE-A.
In case of (i), the control channel is separately coded and associated with the PDSCH corresponding to its carrier bandwidth which lends into a fully backward compatible design.  As an example, if a user is not scheduled in a particular bandwidth the control channel is not transmitted in that carrier.  With this design, the Rel-8 control structure can be reused with minor modifications.  However, this design may incur higher overhead, large number of blind decoding and lower frequency diversity.
In Option (ii), the PDCCH from multiple carriers are jointly coded and transmitted in one primary component carrier.  The advantages of this approach are lower overhead, lower number of blind decodings and same CCE structure as Rel-8 while the disadvantages are lower frequency diversity and need to define new DCI formats.

In the 3rd option, the PDCCH is jointly coded and sent over the entire bandwidth spanned by the component carriers.  This alternative has also several advantages and disadvantages.  The advantages are lower overhead, lower number of blind decoding and increased frequency diversity while the disadvantages are, increased batter consumption at the UE, backward compatibility issues with Rel-8 UE’s and new DCI formats etc.
Our initial preference is either Option (i) or Option (ii) although Option (ii) seems to be attractive.
C) UL Control Channel
The PUCCH transmission scheme should be designed to handle both asymmetric and symmetric bandwidth allocation for UL.  The logical choice is to utilize the same PUCCH structure as in LTE Release-8.  In case when the number of carriers to be aggregated in UL is lower than that of DL, the UL PUCCH transmitted on one component carrier will carry information for multiple downlink component carriers as shown in Figure 2.
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Figure 2.  Example of UL control with asymmetric UL/DL carriers.
The control signaling bits corresponding to each carrier can either be separately coded or jointly coded.  It is preferable to code the control bits separately since it is cleaner and backward compatible with Release-8.

CQI/PMI Transmission Scheme: In LTE Release-8, a UE may be semi-statically configured by the higher layers to periodically feedback CQI, PMI and RI on the PUCCH using four (4) different modes.  In LTE-A, the CQI reports (both wideband and sub-band) needs to be reported over a much wider bandwidth if aggregation is done at the physical layer or it can be reported per carrier bandwidth if aggregation is done at the MAC layer.  It is preferable to keep the Rel-8 structure and separately code the CQI bits and report CQI/PMI/RI for each component carrier independently. 
A/N Transmission Scheme: The A/N transmission scheme structure should be backward compatible with Rel-8 PUCCH structure. The A/N scheme with carrier aggregation may be similar to A/N scheme in TDD when the number of DL carriers (sub-frame in TDD) is not the same as UL carriers (sub-frame in TDD). On the other hand, multi-code or multi-channel transmission may be supported since single-carrier requirement may be relaxed. An example of this multi-channel A/N mapping scheme for asymmetrical DL and UL carrier is shown in Figure 2.  
4. Conclusions

In this contribution additional issues with respect to control channel design with carrier aggregation were discussed.  The following is a summary of our views: 

a. Every carrier being aggregated contains SCH and PBCH.
b. Currently studying two options for DL control channel design, i) DL control channel transmitted on each component carrier; ii) DL control information for all carriers to be aggregated transmitted on one primary component carrier.

c. The UL A/N design under asymmetric carrier aggregation with more downlink carriers should be based on TDD LTE PUCCH.  However, other designs may be considered if substantial performance gain can be demonstrated.
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