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1 Introduction 
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. One of the objectives is to specify necessary mechanisms to enable LTE CA extension with up to 32 component carriers, including:

· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers
· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
In this contribution, we discuss the deployment scenarios of aggregating a large number of component carriers and try to identify the potential mechanisms to enable efficient operation of CA with a large number of component carriers.

2 Discussion
2.1 Deployment scenarios

According to the WID, the objective is to support up to 32 component carriers for a single UE in both DL and UL. Before discussing detailed solutions, it is crucial to identify the deployment scenarios which provide some guidance on the baseline assumptions for the system design.

From deployment perspective, there are various carrier aggregation deployment scenarios as exemplified in [2]. The additional component carriers may be either on licensed or unlicensed band. These carriers (licensed and/or unlicensed) can be aggregated to either a macro eNB or Remote Radio Heads (RRHs) depending on different factors such as network deployment constraint, traffic requirement and deployment cost etc. The system design should support all kinds of deployment scenarios with practical requirements other than over-optimize a specific deployment scenario.

From spectrum perspective, operators from different regions have different spectrum resources. Generally, it is desirable for the operator to aggregate all the spectrum pieces to provide higher system capacity and better user experience. Therefore, the system design should be flexible enough to support different combinations of licensed and unlicensed carriers. On the other hand, it may not be realistic to assume that a UE needs to support 32 different bands. In particular, some of the aggregated carriers from unlicensed spectrum may reside in the same band and also contiguous in frequency. Depending on the detailed solutions for Licensed-Assisted Access (LAA), it may be preferable to utilize the contiguous carriers on the same band. Therefore, there will be high correlations between the aggregated carriers such that some simplifications could be envisioned, e.g. scheduling, HARQ-ACK reporting, etc. Besides, the assumption on the number of supported bands is also very much related to RAN4 work such that it affects the number of timing advance groups. If the maximum number of supported bands can be identified at early phase of the WI, it could also potentially simplify the work in both RAN1 and RAN4. The number of supported bands simplifies the UE architecture by limiting the number of LNAs and PA that needs to be supported. It further simplifies the RAN4 work by limiting the number of combinations that can be supported. This as it can give an indication how much correlated the long term channel properties of the different carriers have and in addition it can give indication on the number of time advance groups. 
From UE capability of view, as mentioned in the WID that “Despite of introduction of PUCCH on SCell or Dual PUCCH, CA extension to support up to 32 component carriers calls also for enhancements on HARQ-ACK feedback and CSI feedback carried on single UL carrier.” Therefore, to support of up to 32 DL CCs should not mandate UE with UL CA capability. 
Proposal 1: Send LS to RAN4 and ask the reasonable assumption on the number of different bands that needs to be supported for up to 32 CCs.
2.2 DL signalling enhancement

In Rel-12 carrier aggregation, a UE can support up to 5 component carriers. The downlink assignment and/or uplinks grant need to be transmitted for each CC if the eNB intends to schedule data transmissions on this CC. The number of blind decoding attempts at the UE in the UE-specific search space scales linearly with the number of activated carriers. In order to support up to 32 CCs, if the same design philosophy is applied, the downlink control signalling overhead will increase linearly which may become a problem for both eNB and the UE. For the eNB, the scheduler has to handle the scheduling of up to 32 DL CCs. Meantime, the UE needs to monitor (E)PDCCH for up to 32 CCs which demands much more increase in baseband processing capability. Therefore, it is preferred that the DL control signalling enhancement could simplify scheduling operation and DCI/UCI handling while supporting up to 32 CCs. 
In order to support up to 32 DL CCs, the data decoding capability needs to be extended at the UE. Given that decoding a higher data rate would require substantially increasing the processing capability, it can be expected that increasing the control channel capability in the same manner may also be feasible. However, the increased independent decoding operation of a large number of control channels also increases the risk of false detection of (E)PDCCH. Therefore, the false detection probabilities need to be studied on (E)PDCCH given an increase number of DL carriers as indicated in [3]. The increased false detection will lead to unwanted UL HARQ-ACK and data transmissions which degrade the UL performance.
Besides, DL signalling enhancement should also consider the practical deployment scenarios as discussed in the previous section. One special case is the handling of unlicensed carriers, simplified scheduling signalling scheme could be considered if there is strong dependency across the carriers in the unlicensed band as discussed in [3]. 
Proposal 2: The DL control signalling enhancement for up to 32 CCs should target to simplify the scheduling operation and take the practical deployment scenarios into account. 
Proposal 3: The false detection probability on (E)PDCCH should be studied given the increase in the number of supported DL carriers.
2.3 UL signalling enhancement
To support CA with up to 32 DL CCs, the UCI payload size will be significantly increased. This is the main challenge for UL control signalling design. UCI on PUCCH and PUSCH should be considered separately. 
For UCI on PUCCH, the control channel capacity on a single UL carrier needs to be enhanced in order to support UEs without UL CA capability. However, increasing the UCI payload size will at the same time decreases the UL control channel coverage [4] hence reduces the area that could benefit from aggregating carriers in DL. Further studies are needed on the required SNR for UL control channel so that the DL CA area can be maximized. In order to ensure the UL control channel coverage, HARQ-ACK bundling in spatial, time and carrier domain could be considered. For UEs with UL CA capability, it is possible to distribute the increased UCI payload on multiple carriers if PUCCH on SCell is supported. The specification of PUCCH on SCell can be reused with additional consideration of supporting a large of number of CCs [5].

For UCI on PUSCH, since it is very likely a UE configured with a large number of DL CCs will also have UL data (e.g. TCP ACK), multiplexing UCI on PUSCH is deemed to be a common user case. For HARQ-ACK feedback, the enhancement for PUCCH such as bundling can be also applied for PUSCH. For aperiodic CSI reports, the large payload size when many more CCs are configured needs to be considered. Convolutional code may not be an optimal design choice in terms of coding method. Moreover, the vast number of bits will potentially limit the UL coverage of the report. It will be useful to conduct a study the UL coverage performance of an aperiodic CSI containing 32 carriers before discussing any compressing methods.
Proposal 4: The UL control channel coverage for up to 32 CCs should be studied before discussing detailed solutions for UCI on PUCCH and PUSCH.
3 Conclusions

In this contribution, we discussed the deployment scenarios and try to identify the potential mechanisms to enable efficient operation of CA with a large number of component carriers.

Proposal 1: Send LS to RAN4 and ask the reasonable assumption on the number of different bands that needs to be supported for up to 32 CCs.
Proposal 2: The DL control signalling enhancement for up to 32 CCs should target to simplify the scheduling operation and take the practical deployment scenarios into account. 
Proposal 3: The false detection probability on (E)PDCCH should be studied given the increase in the number of supported DL carriers.
Proposal 4: The UL control channel coverage for up to 32 CCs should be studied before discussing detailed solutions for UCI on PUCCH and PUSCH.
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