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1. Introduction
At RAN#51 plenary in March, a new Work Item “LTE Carrier Aggregation Enhancements” (RP-110451) [1] was approved for Release 11. The options of multiple TA and signalling optimization are treated as mandatory functions in the scope of this Work Item.
This contribution addresses the UL control signalling issues associated with CA enhancement, including the following aspects: 

· Periodic CSI reporting
· Issues specific for TDD
· UL timing maintenance
The analysis of the above issues targets to introduce PUCCH on SCell in Rel-11.
2. Discussion
2.1
Periodic CSI reporting
As captured in the WID [1], one of the important aspects of CA enhancements in Rel-11 is the enhancements of L1/L2 signalling, such as signalling transmission optimization, dropping rate reduction, etc.
For the periodic CSI reporting, only PUCCH on PCell is designed to support it in Rel-10. For FDD, only 2 cells are considered, the transmission of their respective CSI is arranged on different subframes by RRC signalling. For TDD, it is even more suboptimal for the DL-heavy UL-DL configurations. When the number of cells with concurrent DL PDSCH transmission increases, e.g., 5 cells transmit PDSCH in the same subframe, then up to 5 CSIs need to be transmitted in the same UL subframe, this is obviously not supported by the existing mechanism of PUCCH on PCell. More seriously, the Rel-10 behaviour of handling this conflict is to only transmit one CSI, all the other CSIs will be dropped. The high dropping rate of CSI will impact user experience and reduce data throughput of the network. From this point of view, a strong need on the table is to optimize the periodic CSI reporting.
Multiplexed transmission of CSI in PUSCH has already been supported in Rel-10, but it is restricted to aperiodic CSI transmission. For periodic CSI, there have to be PUSCH scheduled for each occurrence of CSI, this introduces extra overhead for both PUSCH and the PDCCH/PHICH associated with it. Obviously the PUSCH bearer of periodic CSI is not a resource-effective method.
Another natural method is to extend the configuration of PUCCH to SCell, i.e., configuring PUCCH in multiple cells for the UE, on the PCell and some of the SCells. Figure 1 illustrates the Rel-10 configuration of PUCCH on PCell for periodic CSI reporting of all the cells. Figure 2 illustrates an example of the proposed configuration of PUCCH on PCell and an SCell. By comparing these figures, it can be seen that the load of UCI can reduced for each subframe.
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Figure 1: Rel-10 configuration of PUCCH on PCell for periodic CSI reporting of all the cells
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Figure 2: an example of the proposed configuration of PUCCH on multiple cells
As a summary of this section, the following observation can be obtained:

Observation 1: Introduction of PUCCH on SCell is a feasible method for the optimization of periodic CSI reporting.
2.2 Issues specific for TDD
The following Table 1 is the list of TDD UL-DL configurations since Rel-8, as specified in 36.211. In Rel-10 CA framework, for configuration 5 with 1 UL subframe and 8 DL subframes, the PUCCH in subframe 2 needs to carry UCI for all the 8 DL subframes, high possibility of UCI conflicts can be imagined when PDSCH transmission occur in multiple cells. Similar problem exists for configurations 2 and 4, which have 2 UL subframes and 7 DL subframes.
Table 1: TDD Uplink-downlink configurations
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


In Rel-11, with the support of inter-band carrier aggregation with different UL-DL configurations, the UL signalling problem becomes even worse, especially for the issue of HARQ timing.

Figure 3 illustrates an example of HARQ timing for different TDD UL-configuration, i.e., Configuration 2 on PCell and Configuration 1 on SCell. For the DL PDSCH transmission in PCell, the feedback of subframes 4/5/6/8 are carried on subframe 2, and the feedback of subframes 0/1/3/9 are carried on subframe 7. 
For the DL PDSCH transmission in SCell, the HARQ feedback timing has to be adapted according to the UL frames in PCell. If PUCCH is only configured in PCell, the feedback of subframe 9 of SCell is carried on subframe 7 of PCell; if PUCCH is configured in both PCell and SCell, the feedback of subframe 9 of SCell is carried on subframe 3 of SCell, thus the HARQ feedback is transmitted 4 subframes earlier if PUCCH is configured on SCell. 
Another example, if PUCCH is only configured in PCell, the feedback of subframe 4 of SCell is carried on subframe 2 of PCell in the next radio frame; if PUCCH is configured in both PCell and SCell, the feedback of subframe 4 of SCell is carried on subframe 8 of SCell in the current radio radio frame, thus the HARQ feedback is transmitted 4 subframes earlier if PUCCH is configured on SCell.
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Figure 3: HARQ timing comparison for different PUCCH configurations
In a word, the introduction of PUCCH on SCell can enable the network to acquire HARQ feedback much earlier. Furthermore, in Figure 3, it can seen that the PUCCH on SCell can reduce the possibility of UCI conflict to a great extent by load sharing, and so the dropping rate of UCI is decreased.

Observation 2: The introduction of PUCCH on SCell can shorten the HARQ timing and reduce the dropping rate of UCI.
2.3 UL timing maintenance
Sharp contribution [2] proposed to introduce a new concept of special SCell in Rel-11. The special SCell is configured with PUCCH and has the functionality of timing reference in a TA Group. This is a feasible direction for the PUCCH configuration on SCell, the configured periodic PUCCH transmission can help UE maintain UL timing and reduce the possibility of RA initiation.

Observation 3: The introduction of PUCCH on SCell can help UE maintain its UL timing for the SCell TA group.
3. Conclusion
This contribution discussed various issues related to UL signalling transmission, the following observations are obtained:
Observation 1: Introduction of PUCCH on SCell is a feasible method for the optimization of periodic CSI reporting.

Observation 2: The introduction of PUCCH on SCell can shorten the HARQ timing and reduce the dropping rate of UCI.

Observation 3: The introduction of PUCCH on SCell can help UE maintain its UL timing for the SCell TA group.

A proposal is given according to the above observations:
Proposal 1: It is proposed to discuss the feasibility of introducing PUCCH on SCell.
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