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1 Introduction
In the recent RAN1 #55 meeting, it was agreed that the baseline MAC-to-PHY mapping would be to have one transport block and HARQ entity per component carrier (Figure 1).  

A second ‘Modified Option 1’ where multiple transport blocks and HARQ entities for the overall aggregated component carriers was also agreed to be evaluated [2][3].  
The main aim of this scheme is to exploit the frequency diversity of the channel thereby potentially improving performance.  Figure 2 illustrates the basic idea of this scheme.
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Figure 1: 3GPP LTE-A baseline assumption – Option 1
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Figure 2: Under consideration in RAN1 – Modified Option 1
After further considerations, we would like to highlight some restrictions that these methods impose and propose that further study be conducted to overcome the restrictions.
2 MAC-to-physical-layer mapping issues
As already discussed on email reflector [1] and numerous contributions [2]
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[3], whist the current LTE-A baseline assumption (Option 1) offers efficient link adaptation and HARQ operation as well as maximum reuse of Rel 8 functionalities, it is incapable of utilising the frequency diversity that is inherent to a multiple component carriers system since each transport block can only be transmitted in a component carrier.
Modified Option 1 overcomes the shortcoming of Option 1 by mapping each transport block across multiple component carriers. However, with Modified Option 1, the modulation is done before permutation and RB mapping. This means after the permutation modulated symbols of different transport blocks shall be mixed and transmitted on a carrier component.  As such, all component carriers are limited to using the same modulation scheme, thus limiting the link adaptation capability of the base station on component carrier basis.
This can happen when the channel condition in one of the component carriers is in a fade.  In such an event, as the modulation scheme is constant for all component carriers, the base station has to either lower the modulation order and coding rate for all component carriers or exempt the subbands in the component carrier that are in a fade.  This is illustrated in the figure below.
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Figure 3: Modified Solution 1 limits the modulation to be the same for all component carriers or some component carriers cannot be used.  This limits the link adaptation capability.
In either case, the inflexibility limits the ability to optimise the overall system performance. As such, it is proposed that other schemes exploiting frequency diversity but without the major restriction on link adaptation are studied. 
3 Conclusion
The current baseline assumption for MAC-to-Physcial-layer mapping (Option 1) suffers from the lack of frequency diversity gain, which can be overcome by Modified Option 1. However, we find that the Modified Option 1 is in fact quite restrictive in terms of link adaptation and as such, other mapping schemes that exploit frequency diversity be considered.  It is recommended that other schemes that can exploit frequency diversity but without the major restrictions on link adaptation are studied.
4 References
[1] R1-084316 Summary of email discussion on support for wider bandwidth, Nokia
[2] R1-084222
MAC to physical layer mapping and control signaling for carrier aggregation
Panasonic
[3] R1-084245
Transport Block Mapping for Wider Bandwidth in LTE-Advanced
NTT DoCoMo
[4] R1-084315
Trasnport block mapping and DL control signalling in LTE-Advanced
Nokia, Nokia Siemens Networks

[5] R1-083491
Downlink Control Structure for Carrier Aggregation Approach in LTE-Advanced System
NEC Group
Channel coding





Modulation





RB mapping





Component Carrier 1





Component Carrier 2





Component Carrier N





Transport block 1





Channel coding





Modulation





Transport block 2





Channel coding





Modulation





Transport block M





…





…





…





…





RB mapping





RB mapping





…





Rate matching





…





Rate matching





Rate matching





Channel coding





Modulation





Component Carrier 1





Component Carrier 2





Component Carrier N





Transport block 1





Channel coding





Modulation





Transport block 2





Channel coding





Modulation





Transport block M





…





…





…





…





…





Rate matching





…





Rate matching





Rate matching





Permutation and RB mapping








