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1. Introduction

In RAN#66 plenary meeting, proposal for CA enhancement beyond 5 carriers was approved as Rel-13 work item with following two targets [1]. One is to support PUCCH on Scell for CA and the other is enhancing the CA capabilities up to 32 carriers. The objectives of this WI are summarized as below. 

	1. For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68].

· Identify and specify required L2/L3 functions and procedures to support PUCCH on SCell for the UE [RAN2].

2. 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]
3. Specify the necessary (if any) eNB and UE core requirements [RAN4]

· No band specific RAN4 work is planned as part of this work item.


In this contribution, we address and discuss on consideration points for UL control enhancements to support CA of up to 32 carriers in Rel-13, in terms of CSI feedback and SRS transmission.
2. UL control enhancements for large DL CA
In Rel-13 enhanced CA, basically, as larger number (e.g., up to 32) of DL carriers than existing Rel-12 CA would be aggregated for a UE, proper UCI signalling related to DL scheduling is needed to introduce for supporting large DL CA. Firstly, CSI feedback mechanism is to be enhanced for both periodic and aperiodic CSI (denoted as “P-CSI” and “A-CSI”, respectively) report to support large number of DL carriers. In addition, regarding the CA with larger number of UL carriers than the existing CA, enhancement/handling on SRS transmission is to be also considered for both periodic and aperiodic SRS (denoted as “P-SRS” and “A-SRS”, respectively). 

· Support of CSI feedback for large DL CA

In current CA, RRC-configured (DL) cell set to be measured for CSI calculation corresponding to A-CSI request is common for all (UL) cells, and only one A-CSI or P-CSI feedback is reported if multiple CSIs are collided in a subframe. In case of A-CSI, considering large number of DL carriers in Rel-13 enhanced CA, current two RRC-configured (DL) cell sets common for all (UL) cells would be insufficient and inflexible to support CSI feedback for large DL CA, at least from overhead perspective. In this context, flexibility on RRC-configured cell set needs to be considered to support A-CSI feedback for large DL CA. The followings are several possible approaches to provide flexibility on RRC-configured cell set for A-CSI feedback.

Alt 1: Different RRC-configured cell sets per cell

It can be considered to separate RRC-configured cell sets between cells transmitting PUSCH or between cells transmitting UL grant DCI. For example, different RRC-configured cell sets can be requested and reported according to the cell scheduled with PUSCH . 
Alt 2: Different RRC-configured cell sets per subframe
It can be considered to separate RRC-configured cell sets between subframes transmitting PUSCH or between subframes transmitting UL grant DCI. For instance, different RRC-configured cell sets can be request/reported according to the subframe with UL grant DCI. 
Alt 3: Increasing the number of RRC-configured cell sets 
It can be considered to increase the number of RRC-configured cell sets, and then explicit indication (e.g. by increasing request bits in DCI format) or implicit indication (e.g. based on DCI contents or used resource) can be considered to trigger one of the sets. 
With observation on each alternative in above, it is required to decide proper method for supporting flexible A-CSI request/report in large DL CA with consideration of scheduling restriction, signalling overhead. In addition, it can be considered to apply different methods according to CA situation or depending on UE capability. Furthermore, considering PUSCH coverage and resource allocation burden for large number of CSI reports, simultaneous multiple A-CSI requests/reports can also be considered.
Furthermore, in case of P-CSI, current mechanism would also be insufficient to support reasonable CSI feedback for the CA with large number of DL carriers in Rel-13. According to current specification, P-CSI is always dropped if it collided with A-CSI, and only one P-CSI is reported if multiple P-CSIs are collided. For this reason, in order to reduce P-CSI dropping which incurs inefficient DL scheduling by lack of CSI in eNB, simultaneous transmission of P-CSI and A-CSI reports is to be considered.
Proposal 1: Consider flexible configuration of cell sets for aperiodic CSI feedback in large CA.

Proposal 2: Consider to support simultaneous multiple aperiodic CSI requests/reports for large CA.

Proposal 3: Consider simultaneous transmission of aperiodic CSI and periodic CSI for large CA.
· Handling on SRS transmission for large UL CA

In current CA, DCI for scheduling of a cell only triggers A-SRS transmission in the same cell, and equal power scaling is applied for all multiple A-SRS and/or P-SRS collided in a subframe in the power-limited case. In Rel-13 enhanced CA, considering new HARQ-ACK PUCCH format consuming large amount of resources, it is required for resource efficiency to reduce the number of cell-specific SRS subframes where shortened PUCCH format is used at the sacrifice of multiplexing capacity. Under this situation, the number of SRSs transmitted in a same subframe would increase compared to the existing CA due to increase of aggregated UL cells (as well as reduction of cell-specific SRS subframes). Especially, considering TDD CA case where SRS is more useful to get CSI based on UL/DL channel reciprocity, SRS transmission would be more concentrated in a single UL subframe. In this case, if current power control (i.e., equal scaling for all collided SRSs) for power-limited case would be kept, UL channel estimation accuracy could not be guaranteed due to excessive power scaling. Thus, in order to avoid potential scheduling inefficiency caused by channel estimation inaccuracy, limiting scaled power level/ratio of SRS transmission or the number of simultaneously transmitted SRSs can be considered. With this approach, some of SRSs are to be dropped in power-limited case even in collision between SRSs, to satisfy limitation of power scaling or SRS number for better channel estimation.
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Figure 1.

Furthermore, in case of A-SRS, considering large number of UL carriers in Rel-13 enhanced CA, simultaneous triggering multiple SRSs in multiple cells by a single DCI can be considered for overhead reduction. For example, similarly with A-CSI request, one or multiple (UL) cell set(s) for simultaneous A-SRS triggering could be preconfigured by RRC, and A-SRS transmission would be performed in all the cells belonging to each cell set according to triggering by a single DCI. Besides, similarly in A-CSI above, separating (UL) cell set for A-SRS request between (UL) cell (group)/subframe set can be also considered.
Proposal 4: Consider handling of multiple SRS transmissions for effective channel estimation in large CA.

Proposal 5: Consider simultaneous A-SRS triggering of multiple cells for supporting large CA.

3. Summary and conclusions

In this contribution, we discussed on consideration points for UL control signalling to support CA of up to 32 carriers in Rel-13, in terms of CSI feedback and SRS transmission. Based on above, we propose:

Proposal 1: Consider flexible configuration of cell sets for aperiodic CSI feedback in large CA.

Proposal 2: Consider to support simultaneous multiple aperiodic CSI requests/reports for large CA.

Proposal 3: Consider simultaneous transmission of aperiodic CSI and periodic CSI for large CA.

Proposal 4: Consider handling of multiple SRS transmissions for effective channel estimation in large CA.

Proposal 5: Consider simultaneous A-SRS triggering of multiple cells for supporting large CA.
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