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1. Introduction

On RAN1 e-mail reflector after the last meeting (#54bis Prague), MAC to PHY mapping for LTE Advanced was discussed in the context of component carrier aggregation, where three options were raised and discussed.

The three options are roughly described as:

    Option 1: one TB and HARQ entity per component carrier
    Option 2: one TB and HARQ entity for the overall aggregated component carriers
    Modified Option 1: multiple TBs and HARQ entities in Option 1 

Each TB is mapped to multiple component carriers.

The majority of companies overwhelmingly supported Option 1 rather than Option 2. From the perspective of further achievable gain due to the frequency diversity in frequency band wider than 20 MHz, Modified Option 1 was supported by some companies as well.

In this contribution, appropriate DL control channel structures are discussed for Option 1 and Modified Option 1 (see Annex for Modified Option 1).
2. Discussion
DL control channel structure for Option 1

If Option 1 is employed as the MAC to PHY mapping, either Alternatives 1 or 2 or their combination is applicable as the DL control channel structure. Figure 1 shows Alternatives 1 to 4. Alternatives 1 to 4 in this contribution are the same as those already mentioned in previous meetings [2][3].
Considering the backward compatibility to Rel’8 LTE, the use of Alternative 1 is straightforward. From the viewpoint of UE operation, Alternative 2 might be better than Alternative 1 because UE only needs to monitor PDCCHs in single component carrier, which may be the primary component carrier for the UE. The restriction on component carrier on which each UE has to monitor PDCCHs results in less power consumption in UE. 
In our view, it will be beneficial to define UE-specific primary component carrier to each UE. And for Alternatives 2 and 3, PDCCHs for a UE is transmitted in the primary component carrier for the UE. For Alternative 1, UE in its DRX mode only has to monitor PDCCHs on the primary component carrier for the UE. 
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Figure 1 Alternatives 1 to 4 (definition is the same as in [2] and [3])
DL control channel structure for Modified Option 1

If Modified Option 1 is employed, Alternatives 3A and 4A shown in Figure 3 can be also considered. Alternatives 3A and 4A for multiple TBs are respectively the extended version from Alternatives 3 and 4 which are for one TB over the entire aggregated component carriers. Similar to the discussion for the case of Option 1, from a UE operation point of view, Alternative 3A is slightly preferred. However, since the main motivation of Modified Option 1 is to have more frequency diversity gain on PDSCH, such gain should be also given to PDCCH. So the decision on which alternative to be chosen depends on the trade-off between less power consumption and larger frequency diversity gain.  From a UE vendor point of view, less UE power consumption is prioritized.
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Figure 3 Alternatives 3A and 4A (There is one PDCCH for multiple TBs spanning multiple component carriers. The PDSCHs with the same color come from the same TB. )
For Modified Option 1, Alternative 2A can be also considered, as illustrated in Figure 4.
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Figure 4 Alternative 2A (Multiple TBs each spans multiple component carriers. one PDCCH for one TB)
For Modified Option 1, from a UE operation point of view, Alternative 2A or Alternative 3A is slightly preferred. In either case, each UE is allowed to monitor PDCCHs on only one component carrier. This results in less power consumption in UE.
3. Conclusion
In this contribution, DL control channel structures for Option 1 and Modified Option 1are compared.

For Option 1, to easily meet the backward compatibility requirement and re-use the Rel’8 carrier structure, the use of Alternative 1 is straightforward. Meanwhile, from the viewpoint of less UE power consumption in monitoring PDCCHs, Alternative 2 is slightly preferred.

For Modified Option 1, Alternative 3A or Alternative 2A is slightly preferred to Alternative 4A for less UE power consumption in PDCCH reception. On the other hand, Alternative 4A is preferred for frequency diversity gain on PDCCH in frequency band wider than 20 MHz.

In addition, our suggestion is to define UE-specific primary component carrier to each LTE-A UE and transmit PDCCHs for a LTE-A UE on the primary component carrier for the UE. 
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5. Annex     Modified Option 1
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Figure 5 Modified Option 1 (this figure is taken from NTT docomo e-mail attachment)
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