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1 Introduction
In the approved R11 LTE CA enhancements WID [1], the objective includes the following working area to be investigated as one CA enhancement:

· UL and DL physical layer signal.
The impact to the specification includes the UL and DL control channel structure, physical layer procedure. In this contribution, we discuss the uplink signalling enhancement considered for Rel-11. 
2 Discussions
As an enhancement for uplink signaling, the following issues can be considered or reconsidered:
· Support of mode 2 for TDD;

· Support of simultaneous transmission of periodic CSI and HARQ-ACK in CA scenarios;

· Capacity enhancement for periodic CSI feedback;

· Support of inter-CC simultaneous transmission of PUCCH/PUSCH/SRS.

2.1 Support of mode 2 for TDD 
In RAN1 #62bis meeting, 4 HARQ-ACK feedback modes are proposed:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

In the following RAN1 #63 meeting, Mode 2 was precluded in Rel-10 [1]
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[5]. The main reason is that Mode 2 is considered as an optimization scheme which is not so important for the typical Rel-10 scenario, i.e. up to 2 serving cells being aggregated. 
In the future release, more and more serving cells can be aggregated and the payload on PUCCH format 3 increases accordingly. From the previous simulation results, we observe that the link level performance difference between 12 bits and 20 bits payload using PUCCH format 3 is about 2 ~ 3 dB [6]. Most UEs could not satisfy this SINR requirement to transmit 20 bits HARQ-ACK. Therefore, Mode 2 should be reconsidered by taking both the uplink coverage and downlink throughput into account.
2.2 Support of simultaneous transmission of periodic CSI and HARQ-ACK in CA scenarios
In the current Rel-10, in case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH and the UE is configured with more than one serving cell, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped. That means, in order not to drop the CSI, time division multiplexing of the periodic CSI and HARQ-ACK for more than one serving cell is needed, which will bring some scheduling restrictions at the eNB. At the same time, it may also affect the efficiency of carrier aggregation or degrade the accuracy of the CSI. 
As the number of serving cell being aggregated is getting large in Rel-11, the scheduling will become even more complex. Therefore, we think simultaneous transmission of periodic CSI and HARQ-ACK in CA scenarios should be considered as an enhancement for UL signalling in Rel-11.
2.3 Capacity enhancement for periodic CSI feedback
In Rel-10, periodic CSI feedback is transmitted on PUCCH in the same way as Rel-8/9. In Rel-8/9, the maximum payload of PUCCH format 2 is 11 bits CSI report. Although 8Tx DL MIMO was introduced in Rel-10, the maximum payload size of CSI report maintains the same as Rel-8/9 by defining new CSI reporting type. At the same time, it was agreed in RAN1 #61bis that For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported  and in RAN1 #63, it was confirmed that CQI/PMI/RI is reported for only one DL component carrier in one subframe. Since the number of component carrier being aggregated is not so large, such configuration at eNB may not be too complex in Rel-10. 
However, if the number of component carrier being aggregated increases in the future release, and if CoMP is combined with carrier aggregation, the situation of collision of multiple CSI reports in the same subframe will become serious. Dropping the CSI report with lower priority frequently will definitely cause performance degradation. Thus simultaneous transmission of multiple CSI reports should also be considered as an enhancement for uplink signalling in Rel-11.
2.4 Support of inter-CC simultaneous transmission of PUCCH/ PUSCH/SRS.

In Rel-10, simultaneous transmission of PUCCH/PUSCH/SRS in different CC is not supported; i.e, rate matching for PUSCH or shortened PUCCH format is used in case SRS is transmitted on the last symbol of a subframe. The main reason behind as we believe is the CM issue and the transmit power imbalance for the last symbol. These issues only occur for the case when different CCs share the same PA. In Rel-10, intra-band continuous carrier aggregation is the main application scenario; therefore, shared PA is used for carrier aggregation. 
However, in Rel-11, inter-band carrier aggregation may also be considered. In that case, shared PA used for different inter-band carriers may be impossible. That is, one PA per CC is needed for inter-band carrier aggregation. In this case, the issues related to CM and transmit power imbalance no longer exists. Then, the simultaneous transmission of PUCCH/PUSCH/SRS in case of inter-band carrier aggregation should be reconsidered.
3 Conclusion
In this contribution, we discuss some possible enhancements for uplink control signalling. In summary, we propose to consider the following in Rel-11.
· Support of mode 2 for TDD;

· Support of simultaneous transmission of periodic CSI and HARQ-ACK in CA scenarios;

· Capacity enhancement for periodic CSI feedback;
· Support of inter-CC simultaneous transmission of PUCCH/PUSCH/SRS.
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