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1. Introduction

Carrier aggregation is one of the key features of LTE-Advanced to support wider bandwidth than supported by Rel-8 LTE. In Rel-8 LTE FDD, PDCCH transmission on a DL carrier corresponds to the PDSCH scheduling in the same DL carrier or the PUSCH scheduling in the linked UL carrier. However, in LTE-A, there may exist multiple DL component carriers (CCs) and multiple UL CCs in a cell and eNB should be able to schedule multiple DL/UL CCs to a UE in a subframe.
During RAN1 #56bis and #57 meetings, some discussions on how to encode and transmit PDCCH for multiple carrier aggregation in LTE-A were continued. As a result, the following conclusions were derived[1].
· Basic agreements
· A PDCCH is transmitted within one CC 
· Separate coding of DL assignments and UL grants for each CC based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits 
· In case of 0 bits, no carrier indicator
· FFS : whether CC indicator is included in PDCCH or not

In this paper, we review on use cases of carrier indication by PDCCH in aspect of PDCCH scheduling and CC aggregation. Based on these, we finally discuss on necessity of CC indicator in LTE-A. 
2. Use cases of component carrier indication by PDCCH 

In order to determine the necessity of CC indication by PDCCH, there are some use cases of CC indicator to be checked. We summarize these, and potential effects and consideration points when CC indication is applied for each use case are also observed.
(1) Support of CC without PDCCH
Introduction of CC transmitting no PDCCH has been considered mainly for interference coordination at CC level (e.g. range expansion[2]) and/or support of non-backward compatible CC[3]. These operations of no PDCCH CC are summarized as below.
· Interference coordination at CC level 
· In order to avoid performance degradation in interference limited situation (e.g. heterogeneous network with relay, femtocell, etc.), network may set different coverage even for the CCs aggregated in a same cell by some kind of coordination between cells. For interference limited UEs, cell coverage can be extended by using larger coverage DL CC for PDCCH transmission (nevertheless, the corresponding PDSCHs/PUSCHs may be on smaller coverage DL/UL CC)
· However, even in case of no CC indication, PDCCH may be scheduled on smaller coverage DL CC by just controlling code rate (e.g. CCE aggregation level)
· Support of non-backward compatible CC 

· On this type of CC, optimization of LTE-A features such as CoMP, relay may be feasible

In addition, no PDCCH CC can be considered to introduce the primary CC concept, which results in the reduction of PDCCH blind decoding overhead at UE side.
(2) Flexible scheduling on PDCCH 
Another purpose to introduce CC indicator in PDCCH for LTE-A can be for flexible scheduling of PDCCH of LTE-A UEs over multiple aggregated DL CCs. If no CC indicator is used, eNB should schedule a PDCCH for a UE only to the DL CC which transmits the corresponding PDSCH or is linked to the UL CC transmitting the corresponding PUSCH (same as Rel-8). On the other hand, with CC indicator in PDCCH, eNB can schedule a PDCCH for a UE to any DL CC among multiple aggregated DL CCs. Thus, by using CC indicator, increase of flexibility on PDCCH scheduling can be expected as compared with no CC indication case. Correspondingly, CCE blocking problem may be also reduced by introducing CC indicator.
(3) Asymmetric CC aggregation cases
In LTE-A, according to initial deployment and carrier management in a cell, it will be possible to configure a UE to aggregate a different number of CCs of possibly different bandwidths in the UL and the DL. This asymmetric CC aggregation may be UE-specifically configured for a UE by RRC (semi-static) and/or L1/L2 (dynamic) signalling from eNB. Note here that UE-specific CC aggregation can be symmetrically configured even if cell-specific CC aggregation is asymmetrically configured, and the opposite case is also possible. 
In case of UE-specific UL heavy aggregation, a DL CC may indicate multiple UL CCs (including the linked UL CC) for PUSCH grants of UL CCs which have larger number than DL CCs as in Figure 1. (It should be noted that all UL CCs linked to a DL CC should be considered for PHICH mapping of the DL CC) However whether UL heavy aggregation case will be supported or not should be determined first.

[image: image1.emf]DL CC #1

UL CC #1 UL CC #2

PDCCH

PHICH

PDCCH

PHICH

PUSCH PUSCH

A/N

A/N


Figure 1 : An example of PHICH mapping for ACK/NACK transmission in UL heavy carrier aggregation (1 DL CC, 2 UL CCs)

(4) Special cases of CC aggregation
As in [4], the case that bandwidths of the aggregated DL CCs are different can be also considered in LTE-A. In this case, to achieve more frequency diversity on PDCCH scheduling, PDCCHs for PDSCH/PUSCH scheduling of small bandwidth CC(s) can be scheduled and transmitted on the DL CC(s) with larger bandwidth by CC indication. Thus, CCE starvation problem on a small bandwidth DL CC which may restrict PDCCH scheduling can be also alleviated. In addition, CC indicator may be beneficial in the cases that leakage of DL CC occurs due to interference from closely-spaced UL CC and that radio characteristics of DL CCs are different due to frequency separation[4]. 
3. Summary
In this paper, we observe the use cases of CC indication by PDCCH in aspect of PDCCH scheduling and CC aggregation. At this stage, considering potential effects and consideration points in case of introducing CC indicator for LTE-A, we suggest: 
· Before decision on whether CC indicator in PDCCH is necessary or not, decision on whether the use cases of CC indication including the cases provided above are probable or not, should precede 
· Depending on which use cases are approved, specific scheme for CC indication by PDCCH may be discussed.
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