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1. Introduction
In RAN#66[1], the work item ‘LTE Carrier Aggregation Enhancement beyond 5 Carriers’ was approved. Part of the objective is: Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, 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, necessary mechanisms and enhancements to enable CA of up to 32 CCs are discussed.
2. Discussion
Aggregation of 5 Component Carriers was introduced in Rel-10 for same duplex mode. The related functionalities for including enhancement on UL/DL control channels are introduced accordingly. After that, TDD carriers with different UL/DL configuration were able to be aggregated in Rel-11. Then, different duplex modes can be aggregated. Up to Rel-12, the functionality for Carrier Aggregation can be considered as completed under the maximum number of 5 CCs.  As the CA is continuously enhanced to large number of CCs, those earlier essential functionalities should be continuously supported. All the different duplex modes, different UL/DL configurations should be supported in the WI, although those functionalities may not be fully optimized. 
Proposal 1: For CA with up to 32 CCs, all the different duplex modes, different UL/DL configurations should be supported. 
The design for the current CA was targeted on relative small number of CCs. If CA with up to 32 CCs is to be supported, the corresponding control channel design for both downlink and uplink should be updated accordingly. 
Downlink control channel design
Supporting large number of CCs means increasing the number of blind detections (BD). If the principle of CA is reused, the number of BD for UE-specific search space will increase linearly to the number of aggregated CCs. Considering the false alarm probability will increase significantly, the simple linear expanding of BD is not desirable. Besides, UE implementation complexity and power consumption is also tie to maximum number of BD. Thus, the maximum number of BD should be decided.
For cross-carrier scheduling, there are several issues needed to be discussed. The CIF defined in the Rel.10-12 can only indicate 8 CCs. Thus corresponding enhancement should be studied to support CA with up to 32 CCs. The UE specific search space for large number of CCs is too large for one carrier. For PHICH, the resource collision problem should be considered.
Uplink control channel design
Large number of aggregated DL CCs will result in much more HARQ-ACK feedback and the current UCI feedback mechanism is not able to accommodate such large payload. PUCCH format 3 was introduced to support up to 22 bits UCI feedback. To support the feedback of up to 32 CCs, enhancement of uplink control channel design should be considered.  New PUCCH formats or other solutions for reducing the feedback payload should be studied in RAN1.
As the probability of simultaneous CSI report will increase significantly in CA of up to 32 CCs, transmission of multiple CCs’ periodic CSI/periodic CSI and HARQ-ACK in one subframe should be reconsidered.
UCI on PUSCH was also only considered on small number of CCs. It should also be considered in case of massive feedback bits in CA of up to 32 CCs.

Proposal 2:  The DL/UL control signalling is to be enhanced in CA of up to 32 CCs.

3. Others

3.1. Number of scheduled CCs
Assuming the number of configured CCs is 32, the probability of different number of CCs being scheduled is shown in Figure 1, where P is the average probability of a CC being scheduled for UE. 
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Figure 1: Probability of scheduled CCs
It can be observed that the probability of 3 CCs being scheduled is highest when P is set to 0.1. The number of CCs being aggregated with relatively high probability mainly concentrates on relative small number, i.e., no more than 8. The possibility for more than 10 CCs being scheduled is almost zero, which can be negligible. 10 CCs being scheduled simultaneously may be a limit in this case. Therefore, if the number of HARQ-ACK feedback bits is based on the number of configured CCs, the UE may need to feedback many meaningless HARQ-ACK bits with zero padding when P is relatively small. This may result in requiring of new UCI feedback mechanism, or excessive increase PUCCH overhead and UE power consumption.  
Proposal 3: The determination of HARQ-ACK codebook should be reconsidered.
3.2. CM

In introduction of LTE, the feature of single carrier was kept in UL, with main consideration for reducing CM. In later releases, multiple carriers’ schemes were introduced in Rel-10: UL CA, simultaneous transmission PUCCH and PUSCH, Dual Connectivity etc. CM is more tolerable as the LTE is enhanced.

Considering more CCs are introduced, the CM (average) of different number of aggregated CCs is shown and compared in Table 1. 
Table 1: CM for different number of aggregated CC
	
	The number of aggregated CCs

	
	1
	2
	4
	8
	16
	32

	CM(average)
	1.2015
	2.6492
	3.3065
	3.6594
	3.8354
	3.9242


As we can see, CM is closing to ceiling with increasing number of simultaneously transmitting carriers. Thus, CM will not be the main concern of large number of aggregated CCs. 
Therefore the introduction of mechanisms and enhancements to enable the CA of up to 32 CCs should not be limited by CM.
Proposal 4: Design of new mechanisms and enhancements should not be limited by CM in CA of up to 32 CCs  
4. Conclusion

We discussed the general aspects for necessary mechanisms and enhancements in CA of up 32 CCs in this contribution. Both the UL and DL control should be further enhanced to support the essential functionality of CA. In summary, we give following as proposals.

Proposal 1: For CA with up to 32 CA, all the different duplex mode, different UL/DL configuration should be supported. 
Proposal 2: The DL/UL control signalling is to be enhanced in CA of up to 32 CCs.
Proposal 3: The determination of HARQ-ACK codebook should be reconsidered.
Proposal 4: Design of new mechanisms and enhancements should not be limited by CM in CA of up to 32 CCs.
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6. Appendix
Table 2 Simulation parameters for CM
	Parameters
	Assumptions

	System BW
	5MHz 

	CP configuration
	Normal CP

	Number of aggregated CCs
	1,2,4,8,16,32

	PUSCH BW 
	random

	PUSCH hopping
	Disable

	Modulation mode
	QPSK
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