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1. Introduction

Some contributions [1, 2 and others] showed merits of anchor component carrier or similar concepts. The merits include e.g. PDCCH blind detection relaxation, UE power consumption reduction and good support of PDCCH-less non-backward-compatible component carrier. 
In the present contribution we show our views on the anchor component carrier concept.
2. Anchor component carrier discussion
2.1. Definition of anchor component carrier
Some companies have different definitions of anchor component carrier. Our definition of anchor component carrier is a carrier (or carriers) on which all the dedicated PDCCHs for a LTE-A UE are transmitted. 

· In principle, a UE-specific anchor component carrier is assigned to each LTE-A UE. In order to alleviate CCE resource starvation in one component carrier, an LTE-A UE may be configured on two or more anchor component carriers according to the seriousness of CCE resource starvation, the cell load and the UE’s capability of handling multiple component carriers. The multiple assigned anchor component carriers can be either contiguous or non-contiguous in the frequency domain.
· All the PDCCHs dedicated to an LTE-A UE are transmitted only on the UE’s anchor component carrier(s). The UE has to monitor UE-specific PDCCHs on its anchor component carrier(s) only.
· At least one of anchor component carrier(s) for an LTE-A UE should be established on a component carrier transmitting PDCCH related to System Information, Paging for System Information update notification, and random access response. 
· Basically, when the data traffic for an LTE-A UE is low (how low is FFS), the data to the UE is only transmitted on the anchor component carrier. When the traffic is not low, in contrast, the data to the UE is transmitted on multiple component carriers. A single PDCCH carrying DL scheduling assignment for all the component carriers used for the data transmission is transmitted on the anchor component carrier(s). Note that new DCI formats for the single PDCCH should be defined in the specification.
2.2. Assignment of anchor component carrier to LTE-A UE
The way how the LTE-A network assigns an anchor component carrier to each LTE-A is FFS. However, our current preference is that the component carrier on which an LTE-A UE receives Msg 4 in its initial access process is the initial anchor component carrier for the UE.

The component carrier(s) for the anchor component carrier(s) of an LTE-A UE may be changed to other component carrier(s) in the same cell when necessary.
When an LTE-A UE is handed over to another cell, the target cell may pre-assign a new anchor component carrier to the UE and inform the related information to the UE via handover command. Otherwise, the new anchor component carrier for the UE is assigned after the handover completion.
2.3. Issues with the use of anchor component carrier
There are some issues with the use of anchor component carrier.

· The use of anchor component carrier doesn’t always save UE power consumption. An LTE-A UE, monitoring PDCCHs only on its anchor component carrier, comes to know the number and position of component carriers scheduled for the UE right after the successful decoding of PDCCH. Thus, the UE has to be ready to receive PDSCH on all the component carriers in each sub-frame. As a result, in our view, an LTE-A UE configured anchor component carrier consumes almost the same power as an LTE-A UE not configured anchor component carrier does. 
· This could be solved by defining active component carriers per UE in addition to using the anchor component carrier concept. All the PDSCHs for an LTE-A UE are transmitted only on its active component carriers. The configuration of UE-specific active component carrier may be done semi-statically. Each UE is informed which component carriers are active by either higher layer signalling or special PDCCH.

· Many CCE are consumed by an LTE-A UE scheduled multiple component carriers. In addition, the anchor component carrier of the UE sometimes runs out of CCE resource available for the UE. Solutions to this are as follows:

· DL scheduling information blocks for all the component carriers scheduled for an LTE-A UE are jointly coded. The jointly coded PDCCH may have a different size according to the number of scheduled component carriers. This is referred to dynamic-size joint PDCCH [3]. To further reduce the amount of consumed CCE, DL scheduling assignment and UL grant for the UE could be jointly coded when possible. 
· Many number of component carriers can be scheduled to LTE-A UE only when the UE is in a good SNR region. A UE experiencing good SNR only requires high coding rate and thus low level of CCE aggregation.
2.4. Preferred DL control signal structure
In the last meeting, it was agreed that a PDCCH is transmitted within one component carrier. There are some open issues related to carrier aggregation specific DL control signal structure. Among the open issues, the mapping and coding of DL control information to PDSCH from each component carrier may be the first to be resolved or given a solid way forward.
The conclusion of the relevant discussion in the last meeting is as follows [4].

· Separate PDCCH for each CC

· One PDCCH indicates same CC

· One PDCCH indicates same or different CC

· Overhead increase corresponds to the number of CC

· Common PDCCH (e.g. jointly coded) on one CC

· PDCCH indicates multiple CC
· Study overhead reduction, error coupling/propagation, scheduling flexibility, 
blocking probability, PDCCH blind decoding reduction, …
Separate PDCCH versus common PDCCH
When only one DL component carrier is scheduled for an LTE-A UE in a sub-frame, obviously the separate coding is applied to DL control information for the PDSCH on the component carrier. So the LTE-A standard should support the separate coding at least.
The anchor component carrier concept in the previous section needs the joint coding [Figure 1 (C)] as well as the separate coding [Figure 1 (A)]. And separately coded PDCCH may be needed which points to different component carrier [Figure 1 (B)] when the PDSCH area on the anchor component carrier can’t accommodate the coded data for a UE in a sub-frame but other component carrier can.
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Figure 1  PDCCH-to-PDSCH relation
If the PDCCH for an LTE-A UE is a jointly coded one, when the UE fails to receive and decode the PDCCH, all the scheduled resource for the UE becomes useless. There seem be no direct effective solutions. However, a UE scheduled on multiple component carrier is often located in a good SNR region. Therefore, the occurrence rate of such a failure may be relatively low.
3. Summary
· LTE-A UE is assigned on one or plural UE-specific anchor component carrier of the NodeB to which the UE is connected.

· All the UE-specific PDCCHs for an LTE-A UE are transmitted only on its anchor component carrier(s).
· At least one of anchor component carrier(s) for an LTE-A UE should be established on a component carrier transmitting PDCCH related to System Information, Paging for System Information update notification, and random access response. 

· The use of anchor component carrier doesn’t always save UE power consumption. This could be solved by defining active component carriers per UE in addition to using the anchor component carrier concept. All the PDSCH for an LTE-A UE are transmitted only on its active component carriers. 
· When traffic of an LTE-A UE is low, basically the data for the UE is transmitted on its anchor component carrier.
· The way how the LTE-A network assigns an anchor component carrier to each LTE-A UE is FFS. However, the component carrier involved in the last stage of initial access process for an LTE-A UE can be seen as the initial anchor component carrier for the UE.
· The joint coding of DL scheduling assignment information for all the component carriers scheduled for an LTE-A is a solution to the problem of CCE resource starvation which sometimes happens. The joint coding is well-suited to the anchor component carrier concept.
· Some restrictions may be needed on the number of component carriers scheduled for an LTE-A UE especially when the UE is not in good SNR region, taking into account both the total amount of PDCCH for the UE and the UE’s radio link condition. This can avoid excessive CCE resource consumption due to high level of CCE aggregation.
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