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Introduction
A work item on LTE carrier enhancement beyond 5 carriers was approved at RAN#66 [1]. The two main objectives of the work item are first to specify support of PUCCH on SCell, and second to enable carrier aggregation of up to 32 component carriers for the DL and UL.
This contribution discusses the envisioned specification impacts to support the latter main objective of enabling aggregation of up to 32 carriers, focusing on downlink control signaling and uplink control signaling issues.
Downlink control signaling
Downlink control signaling supports scheduling of downlink assignments, uplink grants, as well as HARQ operation for UL-SCH and power control. When carrier aggregation is configured, scheduling for a cell may take place from PDCCH or E-PDCCH received from the same cell (self-scheduling) or from another cell (cross-carrier scheduling). The procedure for receiving PDCCH (or E-PDCCH) in a given cell involves attempting to decode “candidates” in well defined search spaces assuming a certain DCI format size, and determining success when CRC masked with the proper RNTI checks. The number of candidates is 6 in the common search space (defined only for PCell) and 16 in a UE-specific search space (defined for each serving cell). For each candidate, the UE is required to check for 2 DCI format sizes, such that the total number of blind decoding attempts is 12 plus 32 times the number of serving cells.

When a larger number of carriers are aggregated, the following issues need to be considered:

Number of blind decoding attempts
A first issue is that the maximum number of blind decoding attempts significantly increases, from 172 when 5 carriers are configured to 1036 when 32 carriers are configured. One consequence is that the number of false detection events for a given UE increases. Another consequence of this is an increase of (peak) processing complexity for the UE. While it can be expected that processing capabilities should scale to a large extent with the UE capability in terms of maximum number of supported carriers, limiting the increase of processing load would be desirable. This issue exists regardless of whether self-scheduling or cross-carrier scheduling is configured (though the exact number of attempts may be reduced somewhat in the latter case due to increased candidate collisions). 
PDCCH capacity
A second issue, specific to cross-carrier scheduling, is that the capacity of a given serving cell to carry grants and assignments for other serving cells may become insufficient beyond a certain number of cells. This issue is more critical when PDCCH is configured given the limited size of the control region, but may also exist for E-PDCCH. It also exists for PHICH if cross-carrier is configured with a large number of UL carriers. One obvious work-around is to restrict the number of cells that can be cross-scheduled from a given cell, but in certain use cases such as for license-assisted access, more flexibility would be desirable.
Carrier indicator field
[bookmark: _GoBack]A third issue, which also arises in case of cross-carrier scheduling, is that the size of the field (3 bits) is insufficient to address more than 8 configured serving cells. To address this problem the size of the field would need to be increased to 5 bits. Another possibility would be to keep the size to 3 bits but make the serving cell indicated by a code point dependent on the scheduling cell. However, this would still limit the number of serving cells that can be cross-scheduled from a given cell to 8.
Proposal 1: Enhancements to downlink control signaling should target the following:
a) Restricting the number of blind decoding attempts
b) Increasing number of serving cells that can be cross-scheduled from a given cell

Several kinds of enhancements could be considered to achieve to above. One possibility for reducing the number of blind decoding attempts could be to break the independence between search spaces corresponding to different serving cells such that successful decoding of one PDCCH or E-PDCCH in one cell reduces the number of candidates for other cells. Another direction that could be taken would be to introduce the possibility of scheduling for multiple cells in a single PDCCH or E-PDCCH, or even through multiplexing of DCI into PDSCH.

Uplink control signaling
Uplink control signaling (UCI) includes scheduling request (SR), HARQ-ACK and channel state information (CSI). When the number of aggregated carriers is increased, the payload increases only for the two latter types (HARQ-ACK and CSI).

UCI can be transmitted on PUCCH, PUSCH or a combination of both. Unlike DCI, the increase of payload resulting from carrier aggregation is not compensated by an increase of available transmission power. This means that even if multiple serving cells are configured in the UL, it is generally not beneficial to transmit UCI from more than one serving cell at a time. For this reason transmission of UCI for a large number of configured carriers can be considered more challenging than for the DCI.

HARQ-ACK
Using R10 principles for the generation of HARQ-ACK bits, the maximum payload of HARQ-ACK with 32 carriers would be 64 bits for FDD and 128 bits for TDD. In either case, this is beyond the largest capacity PUCCH format (i.e. format 3) which can accommodate up to 48 coded bits. On the other hand, transmission of larger HARQ-ACK payload over PUSCH using the same principles as in R10 is still possible as long as there is sufficient power to transmit PUSCH with the required number of resource blocks. In power-limited situations where the PUSCH transmission bandwidth is limited, transmission of large HARQ-ACK payload may also become challenging.

Periodic CSI
In R10, periodic CSI of at most 1 serving cell can be transmitted in a subframe, whether transmission takes place over PUCCH or PUSCH. This means that as the number of configured serving cells increases, the more infrequently the UE will transmit periodic CSI of a particular cell, for the same periodicity of reports. Evaluations performed during past efforts with a maximum number of carriers is 5 showed that the performance penalty was acceptable, but with a much larger number of carriers this has to be revisited. 

Aperiodic CSI
In R10, aperiodic CSI of up 5 serving cells can be multiplexed into PUSCH. In theory the same principles as in R10 could be used to extend the maximum to 32 serving cells as long as there is sufficient power (and bandwidth) available for the PUSCH. However, similar to HARQ-ACK, transmission of large payload in a power-limited scenario could become challenging.

Another aspect to consider is the selection of cells for which aperiodic CSI is triggered. In R10, 1 codepoint of the aperiodic CSI field indicates that CSI is reported for the serving cell from which PUSCH is transmitted, and 2 other codepoints indicate sets of cells configured by higher layers. When there is a large number of configured cells more flexibility may be needed to avoid unneeded reporting.

To address the above issues enhancements could be investigated along two main directions. One possible direction is to restrict the increase of UCI payload, to the extent that negative impact on downlink throughput performance can be minimized. For example, for HARQ-ACK one could consider techniques avoiding unnecessary transmission of A/N report when the probability of “NACK” is very high, or enhanced bundling techniques minimizing the number of unnecessary retransmissions. A second possible direction is to increase the capacity for the transmission of UCI, most importantly on PUCCH. Different options for increasing the number of coded bits can be considered, such as using more than a single RB, using higher order modulation, using spatial multiplexing or spreading a coded modulation symbol over a smaller number of time symbols, if PUCCH format 3 is used as a starting point.
Proposal 2: Enhancements to uplink control signaling should target the following:
a) Restricting increase of UCI payload
b) Increasing capacity of PUCCH

Conclusion
This contribution discussed the envisioned enhancements required to support aggregation of up to 32 carriers. The following proposals are made:
Proposal 1: Enhancements to downlink control signaling should target the following:
a) Restricting the number of blind decoding attempts
b) Increasing number of serving cells that can be cross-scheduled from a given cell

Proposal 2: Enhancements to uplink control signaling should target the following:
a) Restricting increase of UCI payload
b) Increasing capacity of PUCCH
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