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1. Introduction
In RAN1#57b meeting, definition of terminologies about UE DL/UL component carrier set was agreed as follows [1]:
· UE DL Component Carrier Set:

· The set of DL component carriers configured by dedicated signalling on which a UE may be scheduled to receive the PDSCH in the DL.

· UE UL Component Carrier Set: 

· The set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL.

· FFS whether the definition of the UL CC set will be needed in the specifications.
To make progress especially in the DL UE component carrier set issue, in this contribution, we discuss the characteristics of UE CC set for carrier aggregation and present the concept of DL CC subsets for PDSCH where a UE is to receive its PDSCHs.
2. The Characteristics of UE CC Subsets
In this section, we consider a couple of UE CC subsets.
1) PDCCH monitoring subset
The PDCCH monitoring subset was suggested in e-mail discussion before #57bis meeting and also in [2][4]. If a UE could know where PDCCHs would be assigned, it can search the PDCCH signals only within the PDCCH monitoring subset so that it could reduce PDCCH BD overhead. And this subset could also be used for various schemes related to PDCCH monitoring as in [5] and [6]. However, it could not guarantee saving the battery power of a UE since PDSCH, which is indicated by a PDCCH, could be transmitted on any of the component carriers as shown in figure 1. 
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Figure 1. An example of DL reception in a UE with PDCCH monitoring subset
On the other hand, if a UE only receives PDCCHs from the component carriers in the monitoring subset, and, to save power, receives those PDSCHs only after it acquires related PDCCHs, it may fail to demodulate PDSCHs which are allocated by cross component carrier scheduling with carrier indicator in the PDCCHs since the information in PCFICH of each CC could be different or control region could be absent in the extension carriers. To be more specific, as shown in figure 2, a PDSCH allocation could start even before the full acquisition of the PDCCH which provides all the allocation information for its PDSCH. Especially, with extension carriers, which do not include any control region, a PDSCH could be allocated from the first symbol. Thus, there would not be enough timing margin to process and acquire the allocation information from the PDCCH before the PDSCH allocation begins in these extension carriers. 
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Figure 2. Possible error case especially with extension carriers
Therefore, each UE should prepare itself for demodulation processing of the PDSCH from possibly any of the whole UE DL component carrier set even though the UE knows and only has to monitor PDCCH monitoring subset.
Proposal 1: Power saving aspect should be carefully considered with PDCCH monitoring subset due to a possible timing issue between the acquisition of PDCCH and reception of PDSCH
2) PDSCH subset (scheduled CC set)
In RAN2#66, it has been agreed that after RRC connection establishment, the configuration and/or activation of additional component carriers is performed by dedicated signalling. We could assume that each UE DL component carrier set would be established by configuration from eNB, and the PDCCH / PDSCH should be transmitted within this configured CC subset. The subset could be composed of available CCs on which a UE should be scheduled to receive the PDSCH in the DL. In this sense, we could refer this as PDSCH subset (scheduled CC set). This subset could save the battery power for a UE since reception process could be limited within the subset, which would be especially beneficial to the portable high-end UEs using low data rate services such as VoIP, SMS and low resolution streaming [3]. If PDCCH have to be transmitted within PDSCH subset, it could reduce complexity of PDCCH BD partially. In Figure 3, for example, the region of PDCCH BD could be CC2 and CC4 since we assume that the extension carrier do not have PDCCH. If extension carriers had PDCCH, we could remove only CC3 from PDCCH BD region. The PDSCH subset could be selected from within the UE DL component carrier set according to the conditions, e.g., UE capabilities and channel environments such as link performance per CC, UE location and etc. The selection or configuration of available CCs could be dynamically changed to adapt to the changing conditions. However, in this case, additional substantial signalling overhead could occur since the information of the PDSCH subset could be transmitted even in every subframe.
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Figure 3. An example of DL reception in a UE with PDSCH subset
Proposal 2: The concept of PDSCH subset needs to be considered to save UE  power and reduce the PDCCH BD complexity 
3. Considerations on Component Carrier Set Index Information
In order to send the information on CC subset index, we should consider following points :
· Who could define the subset?
· How to send information?
A scheduler could be one of the solutions to the first question since a scheduler in LTE-A could control all of the configured component carriers. This would facilitate dynamic configuration of CC subset change. However, if the CC subset could be changed in a rather static manner, that is, rather slowly, then, configuration and/or activation of additional component carriers could be done by upper layers signaling, such as RRC message. Therefore, the concept of component carriers control could be separated from scheduler.
Main issue of second question is what could be more appropriate for the dedicated signalling. Three options could be considered ; L1 (PDCCH), or upper layer, such as RRC signalling (PDSCH or etc), or mixed approach with both L1 and RRC signalling. This is closely related to the first issue. If scheduler could control ‘activation’ and scheduling of multiple CCs, the information of the subset should be transmitted in DCI. The dynamic configuration through L1 processing could be achieved. However, additional field of DCI would increase PDCCH BD complexity and signalling overhead. On the other hand, if upper layer could control the CC subset index through such as RRC message, this would reduce the overhead and PDCCH BD complexity. Therefore, we would need to investigate further on this dedicated signalling issue to find the most efficient way. We may need to work closely with RAN2 on this issue, if necessary.
Proposal 3: It is suggested to study further on several possibilities of the component carrier subset control or configuration, and the transmission method to convey that information.
4. Conclusion
We suggest several proposals on UE component carrier subset as follows:
Proposal 1: Power saving aspect should be carefully considered with PDCCH monitoring subset due to a possible timing issue between the acquisition of PDCCH and reception of PDSCH
Proposal 2: The concept of PDSCH subset needs to be considered to save UE power and reduce the PDCCH BD complexity.
Proposal 3: It is suggested to study further on several possibilities of the component carrier subset control or configuration, and the transmission method to convey that information.
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