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Discussion and Decision
1. Introduction
Rel-13 includes the standardization of the enhanced carrier aggregation (eCA) where the number of component carriers (CCs) that can be aggregated is increased (with respect to Rel-12 CA) to 32 CCs. 
In this document we discuss high level views on necessary enhancements to enable operation with up to 32 CCs.   
2. Discussion
Rel-13 standardization of eCA assumes the support of up to 32 CCs. While the number of UL and DL CCs is flexible and can include the max number of 32 CCs, we also need to consider asymmetric configurations in terms of number of UL and DL CCs.

Similarly as in Rel-12 where the support of the full control signaling transmitted on UL can be carried on a single UL CC, this needs to be enabled for eCA. It is fair to assume that when large number of DL carriers are supported, it is likely that more than one UL CC would be also configured. However, just because more than one UL CC is configured, it is not true that it is efficient to use more than one UL CC for HARQ feedback. 
As an example to illustrate this point, consider the case of UL data transmission. When the UE is configured with UL CA and the UE needs to send a small amount of data on PUSCH (e.g. <100 bits) in a subframe, the eNB would schedule PUSCH only on one CC in that subframe, not on two or more CCs simultaneously. This is in part because using only one baseband and RF chain is better from the UE power consumption perspective than using multiple chains, whenever the UE has to send small amounts of data. The same is true for control signaling. Very often, the DL and UL data bursts don’t occur at the same time for a UE (a fact that was assumed in the eIMTA design, for example).  That means that very often, when the UE has to send back HARQ feedback in a subframe for up to 32 DL CCs, there is little or no UL data scheduled in the same subframe, so the total UL payload is going to be probably <100 bits.  For the same reasons as mentioned above, it would be very inefficient to always use two baseband and RF chains to send back such small amounts of control information, even when more than one UL CC is RRC configured. Note that turning on and off baseband and RF chains is done on a dynamic basis, so using fewer CCs for UL transmission results in power savings without extra implementation burden.  
Therefore it would be very inefficient to have UE transmit on more than one UL CC only because the signaling design does not support the control transmission for large number of DL CCs on a single UL CC. This would have an impact to UE power management and battery consumption. Also, in the environment where only one CC may be in licensed and the rest of CCs in unlicensed spectrum, it is desirable that the control is provided on the (more reliable) licensed CC. Hence, we need to provide the design that will allow the control on UL to be transmitted on a single UL CC. This does not preclude other options where control could be transmitted on more than one UL CC (e.g. PUCCH on SCell), but just insures that when desirable based on the scenario, all the control can be transmitted on a single UL CC.

Proposal 1: Baseline design to include control on a single UL CC. 
Another high level discussion aspect is related to the resource granularity and in general scheduling information that is provided in the grants when the number of configured CCs is large. In scenarios where large number of CCs is needed to support UE’s traffic needs, it is reasonable to assume that resource assignment granularity across each and every scheduled CC is not that important to the limit that it becomes only relevant whether a UE is scheduled on a CC (across all resources) or not scheduled at all on that CC. As an example, if the UE is scheduled about 100RBs of DL data in a particular subframe, it is unreasonable to assume that the UE would be allocated 3 RBs on each of 32 DL CCs. Also, in the small cell deployments the number of UEs per cell is expected to be small, which implies that extensive UE multiplexing and good granularity resource sharing is not needed.

From the overhead perspective it is also desirable to minimize the scheduling information, including the resource assignment granularity when the number of configured/scheduled CCs is large. We need to come up with the solutions that scale better with the number of CCs as compared to the solutions available in previous standards releases (that were tailored for support of the small number of CCs).
Proposal 2: Resource assignment granularity should be reduced for eCA. 
3.  Conclusion
Based on the discussion presented in the paper, we propose the following: 
Proposal 1: Baseline design for eCA to include control on a single UL CC. 

Proposal 2: Resource assignment granularity should be reduced for eCA. 
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