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1. Introduction

With the rapidly growing market for mobile communications services, the amount of data traffic will significantly increase and drive carrier aggregation (CA) in Release 10 (Rel-10) specifications. In Rel-11, further optimization and enhancement of CA is suggested in [1] as follows. 
· Possible improvements in the related signaling for the use of LTE carrier aggregation, including 

i. UL and DL physical layer signaling,
ii. RRC and MAC signaling to support carrier aggregation,
iii. enhanced transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection

· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands
In this contribution, we present our initial views on these enhancements for CA from the viewpoint of physical layer signalling in the DL and UL. We select CA functionalities in order to clarify which signalling in the DL and UL should be enhanced, and then list the candidate techniques for CA enhancement.
2. Carrier Aggregation Functionalities
Functionalities related to signaling in the DL and UL are investigated in this section.
· DL functionalities

· Physical downlink control channel (PDCCH) capacity
· Considering recent traffic trends, there is concern regarding whether or not the capacity will be sufficient in the near future. From a technical aspect, the capacity will reach its limit by introducing the candidate techniques such as multi-user (MU)-MIMO for non-uniform deployments and coordinated multi-point (CoMP) transmission. Therefore, as described in [2], the enhancement of the PDCCH capacity is one of an important topic. Discussion toward downlink control information (DCI) capacity enhancement was initiated in the scope of DL-MIMO.
· Blind decoding & search space
· Related to the PDCCH capacity enhancement, blind decoding and search space design for the demodulation reference signaling (DM-RS) based enhanced PDCCH (E-PDCCH) need to be considered.
· If multiple PRACHs are supported in the SCell, this may impact the search space design since the search space for the RACH response is allocated to only the PCell.
· UL functionalities

· Multiple timing advance (TA)
· According to the discussion regarding the multiple TA, multiple PRACHs must be supported for the SCell. However, we do not currently see a significant impact on the RAN1 specification.
· CSI reporting

· For aperiodic CSI reporting for CA, multiple CSI reports with one-shot triggering in the uplink grant are supported. This CSI reporting mechanism is specified and optimized for support of five component carriers (CCs). Therefore, concerning the CA, further enhancement may not be required. 
· For periodic CSI reporting for CA, only a single CSI report is transmitted in each subframe. Thus, opportunity for periodic CSI reporting is increased in the operation of CA compared to Rel-8 CSI reporting. This implies that collisions between ACK/NACK and CSI will occur more often, and hence occasions in which CSI is dropped will also increase. This may degrade the downlink throughput performance due to less frequent update of the CSI. Dropping of the CSI can be avoided by adjusting the transmission timing of the DL assignment on the scheduler. However, this imposes a restriction on the scheduler. This problem caused by frequent dropping CSI becomes more serious for the CA configuration using more than two CCs or Rel-11 CoMP. In the context of Rel-11 CoMP, an increased amount of CSI feedback is anticipated. Therefore, it is preferable to retain the same drop rate for the CSI as that for Rel-8 CSI reporting as much as possible.
According to the discussion above, the need to enhance the PDCCH capacity and CSI reporting should be investigated with the highest priority from a performance perspective. An enhanced CSI feedback mechanism should be studied by considering the aspects of CoMP in addition to CA.
3. Candidate Techniques for CA Enhancement
Based on the discussion in Sect. 2, candidate techniques for enhancing the PDCCH capacity and CSI reporting are given below. 
· PDCCH capacity enhancement 
· Compact DCI [3]
· Reducing the bit fields in the DCI format is helpful in terms of the PDCCH capacity. Defining a compact DCI format is worth investigation for MU-MIMO and small packet transmission.
· Subframe bundled scheduling, CC bundled scheduling (mainly for UL)

· The PDCCH capacity is enhanced by assigning data over multiple subframes or CCs with one UL grant (or DL assignment) in a manner similar to TTI bundling. This kind of approach may aid in enhancing the UL coverage and reducing the CRC overhead. However, scheduling flexibility is restricted to some extent. 
· CSI reports 

· Periodic multiple CSI reports 

· The support of multiple CSI reports in each subframe reduces the collision of the ACK/NACK and CSI. The methods identified so far are given below.

· Periodic PUSCH [4]
· PUCCH format 3 (up to 21 bits) [5, 6]
· Simultaneous transmission of ACK and NACK on PUCCH
· PUCCH formats 2 and 3 could be used, but the performance of ACK/NACK should be ensured.

· Aperiodic CSI triggered by DL assignment
· The subframe for a periodic PUSCH is configured; however, the CSI report is triggered by the DL assignment. The detailed mechanism is FFS.
4. Conclusion

In this contribution, we presented our initial views on the enhancement of CA from the viewpoint of the physical layer signaling in the DL and UL. We clarified the functionalities required for enhancement and listed the candidate techniques for CA enhancement. Our suggestion for the next step is given below.

Suggestion: The necessity for enhancing the PDCCH capacity and CSI reporting should be investigated with the highest priority from a performance perspective. An enhanced CSI feedback mechanism should be studied by considering the aspects of CoMP in addition to CA.
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