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1 Introduction

In RAN#51 meeting, a new WI [1] for LTE carrier aggregation enhancements was approved. One of its objectives is investigating possible improvements in UL and DL physical layer signaling for LTE carrier aggregation. The contribution focuses on UL physical layer signaling and provides possible candidate methods for UL physical layer signaling enhancements.  
2 Discussion  
2.1 Periodic CSI reporting 
In Rel-10 carrier aggregation, periodic CSI can be transmitted either on PUCCH or PUSCH. 
If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUCCH in subframes with no PUSCH allocation and on PUSCH in subframes with a PUSCH allocation [2].
If a UE is configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUCCH if the UCI to be transmitted consists only of periodic CSI and on PUSCH in subframes with PUSCH allocation if the UCI to be transmitted consists of periodic CSI and HARQ-ACK [2].

Periodic CSI reporting on PUCCH  
In Rel-10 carrier aggregation, PUCCH format 2 is used for periodic CSI reporting on PUCCH. If a UE is configured with more than one serving cell, it transmits a periodic CSI report of only one serving cell in any given subframe. For a given subframe, if the periodic CSI report of one serving cell collides with the periodic CSI report of another serving cell, the periodic CSI report with lower priority will be dropped.
Since periodic CSI is reported for only one serving cell in a given subframe, one possible way is to report the periodic CSI for multiple serving cells in terms of TDM to avoid dropping periodic CSI frequently.  However, if the number of activated serving cells is more than 2, TDM mechanism is not so efficient. Firstly, it will result in a longer CSI reporting periodicity for some serving cells and thus eNodeB is unable to efficiently schedule the corresponding serving cells, especially for TDD. Secondly, TDM could avoid the collision among periodic CSI of multiple serving cells, but it will increase reporting instances of periodic CSI, and thus increase the collision probability of CSI and HARQ-ACK, which will still result in dropping periodic CSI frequently. 

Thus, reporting periodic CSI of multiple serving cells simultaneously can be considered as a method to enhance periodic CSI reporting in Rel-11. 
Proposal 1: Reporting periodic CSI of multiple serving cells simultaneously on PUCCH can be considered in Rel-11.

How to support reporting periodic CSI of multiple serving cells simultaneously is FFS. However, in order to reduce the complexity to implementation and standardization, some existing PUCCH format can be reused. For example, PUCCH format 3 can be used to report periodic CSI of multiple serving cells simultaneously. 
Periodic CSI reporting on PUSCH  
In Rel-10 carrier aggregation, if a UE is configured with more than one serving cell, only one periodic CSI report can be transmitted in one given subframe, even if the periodic CSI is piggybacked to PUSCH. As described before, if the number of activated serving cells is more than 2, TDM mechanism is not an efficient way to report periodic CSI and periodic CSI is still dropped frequently. One alternative is to allow periodic CSI of multiple serving cells to be transmitted simultaneously when periodic CSI is piggybacked to PUSCH, which can reduce the probability of dropping periodic CSI. Thus, all the configured periodic CSI information can be transmitted on PUSCH when periodic CSI is piggybacked to PUSCH, even if it is dropped upon transmission on PUCCH. 
Proposal 2: In Rel-11, all the configured periodic CSI information is transmitted on PUSCH when periodic CSI is piggybacked to PUSCH, even if it is dropped upon transmission on PUCCH.

In Rel-10 carrier aggregation, for any collision between periodic CSI and aperiodic CSI for the same or different serving cells, periodic CSI is dropped. However, if the important periodic CSI like RI or wideband PMI is dropped, the reported periodic CSI in several following reporting instances can only be calculated conditioned on the last reported periodic RI and/or wideband PMI. It is possible that the last reported periodic RI or wideband PMI is not the same as the dropped RI or wideband PMI, which will cause that the reported periodic CSI in several following reporting instances cannot indicate actual channel quality. An example is shown in figure 1. In Rel-8, only one serving cell is configured to a UE, thus it is easy to solve the problem by restricting the aperodic CSI triggering instance. However, in Rel-11 carrier aggregation, if the number of activated serving cells is large, it is a little difficult to avoid the collision between aperiodic CSI and the important periodic CSI of any activated serving cell while making sure that the aperiodic CSI is reported in time. In addition, if the periodic CSI of one serving cell is dropped when colliding with the aperiodic CSI of another serving cell, eNodeB cannot get the channel quality for the serving cell corresponding to the dropped periodic CSI in time.   
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Figure 1 Example of impact brought by dropping important periodic CSI, PUCCH Mode 2-0, 10MHz System Bandwidth, 2ms periodicity for CQI/PMI, 1 full cycle of bandwidth parts,
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One alternative is that periodic CSI is dropped only when it collides with the aperiodic CSI of the same serving cell. When the periodic CSI of one serving cell and the aperiodic CSI of another serving cell collide in the same subframe, the periodic CSI information should be kept and transmitted on PUCCH when simultaneous PUCCH and PUSCH is configured, or on the PUSCH where the aperiodic one is transmitted when simultaneous PUCCH and PUSCH is not configured. 
Proposal 3: In Rel-11, when the periodic CSI and the aperiodic CSI of different serving cell collide in the same subframe, UE reports both the periodic CSI and the aperiodic CSI.
2.2 Simultaneous transmission of periodic CSI and SRS on PUCCH 
In Rel-10 carrier aggregation, a UE shall not transmit the periodic SRS when it collides with the periodic CSI using PUCCH format 2/2a/2b in the same subframe. And a UE shall not transmit aperiodic SRS when aperiodic SRS collides with PUCCH format 2a/2b or format 2 with HARQ-ACK in the same subframe. A UE shall not transmit PUCCH format 2 without HARQ-ACK when it collides with aperiodic SRS [2].
However, if the number of activated serving cells is large in carrier aggregation, the collision probability of CSI and SRS is higher than that in Rel-8, which will cause that dropping SRS or dropping CSI is more frequent than that in Rel-8, and thus it has heavier impact on system performance. Thus, simultaneous transmission of periodic CSI and SRS can be considered in Rel-11.

Proposal 4: Simultaneous transmission of periodic CSI and SRS can be considered in Rel-11.
For PUCCH format 2 for periodic CSI reporting in Rel-11, shortened PUCCH format 2 should be considered. As shown in [3], shortened PUCCH format 2 with puncturing the first two coded bits after (20, A) RM coding is a good way to support simultaneous transmission of periodic CSI and SRS. If PUCCH format 3 is used for periodic CSI reporting, shortened PUCCH format 3 for simultaneous transmission of HARQ-ACK and SRI in Rel-10 can be reused.
2.3 Simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH 
For a UE in Rel-10 carrier aggregation, if periodic CSI and HARQ-ACK are to be transmitted in the same subframe on PUCCH, the periodic CSI report is dropped except for the following two cases:

· The HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell.

· The HARQ-ACK corresponds to PDSCH and/or PDCCH indicating downlink SPS release only on primary cell and the UE is configured with TDD format 1b with channel selection. 
However, as described in [4], the collision probability of CSI and HARQ-ACK in carrier aggregation is much larger than that in Rel-8 and the average collision probability is high. Although simultaneous transmission has been supported for the above two cases, dropping CSI will still happen frequently when the number of activated serving cells is more than 2,  because in this case the probability of scheduling only a PDSCH transmission on the primary cell in carrier aggregation would be low compared to other scheduling cases. Dropping the CSI frequently would have heavier impact on the system throughput due to lack of CSI feedback.
Thus, supporting simultaneous transmission of periodic CSI and HARQ-ACK can be considered as a method to enhance UL control signaling in Rel-11. 

Proposal 5: Simultaneous transmission of periodic CSI and HARQ-ACK can be considered in Rel-11.

3 Conclusion 
In this contribution, we provide our views on possible enhancements for UL physical layer signalling.
Based on the analysis in section 2, we have the following proposals:

Proposal 1: Reporting periodic CSI of multiple serving cells simultaneously on PUCCH can be considered in Rel-11.

Proposal 2: In Rel-11, all the configured periodic CSI information is transmitted on PUSCH when periodic CSI is piggybacked to PUSCH, even if it is dropped upon transmission on PUCCH.

Proposal 3: In Rel-11, when the periodic CSI and the aperiodic CSI of different serving cell collide in the same subframe, UE reports both the periodic CSI and the aperiodic CSI.

Proposal 4: Simultaneous transmission of periodic CSI and SRS can be considered in Rel-11.

Proposal 5: Simultaneous transmission of periodic CSI and HARQ-ACK can be considered in Rel-11.
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