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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 [3][4].  
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.


[image: image1]
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 a new scheme that can overcome the restrictions for RAN1 consideration.
This is a revised tdoc for R1-090300.

2 MAC-to-physical-layer mapping issues
Performance gain
As already discussed on email reflector [1] and numerous contributions [3]
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[4], 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 harnessing the frequency diversity gain that is inherent to a multiple component carriers system since each transport block can only be transmitted in a component carrier [4].

Modified Option 1 overcomes the shortcoming of Option 1 by mapping each transport block across multiple component carriers. Performance gain has been shown in [5]. 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 use the same modulation scheme.
We consider using different modulation scheme among carrier components to provide further improvement in performance. For example, performance improvement can be achieved when only wideband CQI report for each component carrier is available to the eNB and the wideband CQI reports indicate that in one of the component carriers is in a fade.  In such a case, 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: Limitation in Link adaptation in case different modulation among component carriers is not allowed.
In either case, the inflexibility limits the ability to optimise the overall system performance. Without the restriction on link adaptation, the performance gains of Modified Option 1 over Option 1 shown in [5],[7], [9], [10] may be more significant.

UE power consumption 

UE power consumption has been mentioned as one of the issues with Modified Option 1 [7][8]. Our view is that the UE power consumption is not really an issue if the number of transport blocks for the UE is comparable to the number of component carriers to be monitored (e.g. the number of TBs = the number of component carrier monitored).  For a UE with only one transport block, there is generally a tradeoff between frequency diversity gain and UE power consumption. The UE should be allowed to receive the data from multiple component carriers in order to exploit frequency diversity as the expense of higher power consumption. However, it should also be allowed to monitor only one component carrier to save power, forgoing frequency diversity gain. 
PDCCH overhead

The PDCCH overhead in general depends on the downlink control signalling structure and the resource assignment signalling overhead. For Option 1, the worst case is that the number of PDCCH bits scale linearly with the number of component carriers. For Modified Option 1, the overhead is only significant when the number of transport blocks is small, say one, and the UE still needs to receive the single transport block from all the component carriers. If the number of transport blocks for the UE is comparable to the number of component carriers to be monitored, then the PDCCH overhead is not a major issue for schemes that exploit frequency diversity like Modified Option 1.
In the next section, we mainly focus on the performance gain issue and propose a new scheme that is able to exploit frequency diversity just like Modified Option 1, and obtain further gain by adapting different modulation among component carriers, just like Option 1.
3 Proposed MAC-to-Physical-layer mapping 
The proposed MAC-to-Physical-layer mapping structure is shown in Figure 3. In this scheme, the concatenated rate-matched bits of multiple transport blocks are permutated and segmented into multiple physical channels and mapped to multiple component carriers before undergoing modulation and further L1 processing. Note that all the transport blocks depicted in the figure belong to the same UE. Also note that the UE may only monitor a set of component carriers, and not necessarily all the component carriers in the aggregated system bandwidth.
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Figure 3: Proposed MAC-to-Physical layer mapping 
The proposed scheme has the following benefits:
· Full reuse of LTE Rel-8 functionalities for channel coding, rate matching, RB mapping.
· It provides means to harness frequency diversity across multiple component carriers which is not possible for the current LTE-A baseline assumption (Option 1)
· It enhances the link adaptation robustness by allowing different modulation schemes to be applied on different component carrier for each transport block, which is not possible for Modified Option 1. Adaptive transmission scheme and precoding per component carrier basis can also be easily supported

· A one-to-one mapping for the green block in Figure 3 is possible and we can revert back to the current baseline assumption. 
· All transport blocks can experience the same quality of service (QoS). However, if a transport block required a separate QoS for certain service such as VoIP, it would be possible to separately map the transport block to a specific component carrier.
4 Conclusion
In this contribution, we discuss some issues surrounding the design of the MAC-to-PHY layer mapping design. The current baseline assumption for MAC-to-Physical-layer mapping (Option 1) suffers from the lack of frequency diversity gain, which can be overcome by Modified Option 1. We consider to apply different modulation among component carriers gives further improvement in performance.  To allow it, we proposed a new MAC-to-Physical layer mapping structure for RAN1 consideration.
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