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1. Introduction
In the recent RAN1 #55bis meeting, a decision was made for the MAC-to-PHY mapping as follows:
· There is one transport block (in absence of spatial multiplexing) and one HARQ entity per scheduled component carrier (from the UE perspective)
· A UE may receive multiple component carriers simultaneously
Therefore, as the number of component carriers which a UE can be scheduled increases, the number of HARQ process should be increased by the multiple of the number of component carriers a UE can be scheduled simultaneously.
In this contribution, the mapping of the HARQ process to the component carrier where scheduled physical shared channel locates will be discussed. 
2. PDCCH structure for multiple component carriers

Some contributions [1-8] considered the PDCCH structure for multiple component carrier (CC) aggregation. One of issues is how to indicate the CC of the scheduled PDSCH/PUSCH by the PDCCH. 
· Option 1: Predefines the link between CC where PDCCH locates and CC where the scheduled PDSCH/PUSCH locates (e.g. DL: PDSCH on the same CC of PDCCH, UL: predefined link between DL CC and UL CC for Rel8). The link configuration can be static or semi-static. This can be applicable for only separately coded PDCCH per scheduled CC.
· Option 2: Explicitly indicates the CC where the scheduled PDSCH/PUSCH locates by PDCCH in order to allow flexible link between CC of PDCCH and CC of PDSCH/PUSCH. This can be applicable for both separately coded and jointly coded PDCCH. As shown in Figure 1, the indication informs a UE which CC’s resources PDCCH contents correspond to.
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Figure 1: Illustration of PDCCH and corresponding PDSCH/PUSCH in option 2
It should be stressed that we assume the allocation of scheduled CC is independent operation of the allocation of HARQ processes to allow general discussion. However, CC allocation may be fully or partly related to the HARQ process allocation depending on the strategy of the HARQ process allocation as we discuss in the following section.

3. Mapping of HARQ process to PDSCH/PUSCH
As a UE can be scheduled multiple CCs, the number of HARQ process should be increased by the multiple of the number of CCs which a UE can be scheduled simultaneously. An emerging issue regarding HARQ process is whether to allow the possibility of retransmission across CCs. For simplicity, we consider it in absence of spatial multiplexing.
Figure 2 illustrates the mapping of HARQ process entity to DL/UL CC. If the number of CCs a UE can be scheduled simultaneously is n, the HARQ process can be grouped to n sets, where each set has 8 process entities.
(a) Fixed mapping: HARQ process sets are tied to DL/UL CCs one by one. With this, the PDCCH contents regarding HARQ process would be kept same as Rel8 LTE system. Therefore, 3bits for HARQ process number are needed per CC in case of DL.
(b) Flexible mapping: HARQ process sets are flexibly mapped to DL/UL CCs [1]. It allows the possibility of retransmission across CCs, which may derive higher frequency diversity gain or flexible scheduling gain across CCs. However, additional 
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 bits for HARQ process set indication are needed per CC. This indication informs a UE which HARQ process set is used in the scheduled PDSCH/PUSCH Note that this additional indication is different from the CC-indication mentioned in Section 2 Option 2. It can also be considered that flexible HARQ process sets mapping to CCs is allowed to a limited range only (e.g. only for retransmissions, within CC pairs, etc.) for the signaling efficiency. 
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(a) Fixed HARQ process set assignment to DL/UL CC
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(b) Flexible HARQ process set assignment to DL/UL CC
Figure 2: Mapping of HARQ process entity to PDSCH/PUSCH
4. Conclusions

In this contribution, the mapping of the HARQ process to the scheduled CC was considered. It was assumed that the allocation of scheduled CC is independent operation of the allocation of HARQ processes.
· With fixed mapping, the PDCCH contents regarding HARQ process would be kept same as Rel8 LTE system.

· With flexible mapping, it allows the possibility of retransmission across CCs, which may derive higher frequency diversity gain or flexible scheduling gain across CCs at the cost of additional bits per CC for HARQ process set indication.
· More study is needed about the feasibility of flexible mapping of HARQ process across CCs 
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