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1 Introduction

In RAN#66 meeting, a work item [1] on Carrier Aggregation (CA) Enhancements beyond 5 Carriers was approved. One objective of this WI is as follows:

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
In this contribution, we discuss aspects that should be considered to enable aggregation of up to 32 component carriers (CC) in DL and UL considering Rel-10/Rel-11 CA as the baseline.  
2 Discussion
Carrier aggregation, in which two or more CCs are aggregated at a single UE, was introduced in 3GPP Rel-10 in order to support wider transmission bandwidths (e.g. up to 100MHz) and spectrum aggregation [2]. Accordingly, a terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities. According to Rel-10, all CCs supported by a single eNB may be Rel-8 compatible (providing backward compatibility) or some CCs may have non-backward compatible configurations supporting only advanced UEs. 
Aggregated CCs at a UE is classified under two categories as primary component carrier (PCC)/primary serving cell (PCell) and secondary component carrier (SCC)/secondary serving cell (SCell). There can be symmetric (no. of DL CCs= no. of UL CCs) as well as asymmetric (no. of DL CCs > no. of UL CCs) configurations such that number of DL CCs is always greater than or equal to number of UL CCs. In legacy CA mechanism, a UE can be configured with only one PCell and up to 4 SCells. PCell handles RRC and NAS procedures and performs configuration of SCells. UE monitors system information on PCell and performs both contention and contention-free random access on it (in Rel-11 contention-free random access is allowed in SCell as well). Furthermore, PUCCH is transmitted only on the PCell; thus HARQ-ACK and CSI reporting of all activated cells are done on PCell PUCCH. Thus, PCell is the most important cell; and therefore it cannot be deactivated.  
In another objective of this WI, specification work is being carried out to standardize PUCCH transmission on PCell as well as one SCell in CA to ease the PCell from PUCCH overloading. As discussed in a companion contribution [3], SCell PUCCH may be realised using the concept of PUCCH Cell Groups (PUCCH CG), where all aggregated cells are grouped in to two PUCCH CGs with one cell from each PUCCH CG is configured to carry PUCCH. Since it is envisioned to have this PUCCH CG concept standardised, the same concept could be applied to realise CA up to 32 CCs as well. 
To this end, there seems to have two approaches for realising CA up to 32 CCs using PUCCH CG concept:

· Approach 1: Using PUCCH CG concept with only one SCell PUCCH (i.e., only two PUCCH CGs) such that each PUCCH CG can support up to 16 CCs. 

· Approach 2: Using PUCCH CG concept with multiple (more than one) SCells carrying PUCCH (i.e., there can be more than two PUCCH CGs).
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Figure 1: Realizing CA up to 32 carriers using PUCCH CG Concept
Figure 1(a) illustrates the Approach 1 (with only one SCell PUCCH) and Figure 1(b) illustrates the Approach 2 (with multiple SCell PUCCHs). Table 1 summarises each approach and enhancements needed to realise each approach.

	Approach 1
	Approach 2

	· Direct application of the SCell PUCCH discussed in this WI with up to 16 CCs per PUCCH CGs. 

Pros:

· SCell PUCCH mechanisms can be reused without additional changes in terms of UCI feedback mechanism and power control.

Cons:

· UCI transmission of up to 16 carriers via one PUCCH means a huge PUCCH overhead for the PCell or the SCell carrying PUCCH.
Areas that should be enhanced:

· New UCI formats to support UCI of at least up to 16 CCs

· New mechanisms to support cross carrier scheduling of up to 16 CCs.
	· Extension of SCell PUCCH to support multiple SCell PUCCHs

Pros:

· Can reuse Rel-12 CA mechanisms of up to 5 CCs in each PUCCH CG.

· No need to define new DL control signalling
· Provides more flexibility in cell grouping

Cons:

· Increased number of SCell PUCCHs per UE may increase the UE complexity and UE processing.
Areas that should be enhanced:

· Direct application of Rel-12 CA to each cell group may require optimisation in some aspects. (e.g. duplication of common search space in each CG)

· Power control of each PUCCH should be studied and enhanced.


According to above analysis, there exist pros and cons in both approaches, and enhancements would be needed to realise both approaches. Thus, RAN1 should first analyse the feasibility of these approaches to select the best way forward.
In our companion contributions [4]
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 \* MERGEFORMAT [5], we will further discuss the enhancements needed in DL and UL control signalling to realise CA up to 32 carriers based on the approaches discussed in this contribution.
3 Conclusion

We analysed two approaches to realise CA up to 32 CCs using PUCCH CG concept. The analysis shows that both approaches have their advantages as well as disadvantages while both approaches require further enhancements to the baseline.
Thus we make following proposal to RAN1

Proposal: RAN1 should first analyse the feasibility of different approaches to realise CA up to 32 CCs and select the best way forward. 
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