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1. Introduction
Among other topics, the current Work Item Description for LTE Carrier Aggregation (CA) Enhancements also mentions UL control signaling enhancements [1]. The outcome from RAN1#66bis was that the potential UL control signaling issues for consideration include: (1) Multiple periodic CSI in a subframe, (2) Periodic CSI and HARQ-ACK in a subframe, (3) Periodic CSI and SRS in a subframe, (4) Simultaneous PUSCH and SRS and (5) HARQ-ACK bundling. The first two topics with the following agreement were covered in RAN1#68bis:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11

· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

In this contribution we present our views on the details related to multi-cell HARQ-ACK and Periodic CSI Multiplexing for downlink CA when a UE is configured with PUCCH Format 1b with channel selection.
2.  Discussion
In Rel-10 the CA was primarily optimized for two CCs and it was seen as sufficient to not allow for simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH. Instead, in the case of a collision the agreement is to drop CSI and transmit only HARQ-ACK.
There are some aspects that should be taken into account when considering simultaneous transmission of multi-cell HARQ-ACK feedback and periodic CSI report in Rel-11 CA. First of all, the performance benefit of the feature depends on the probability of CSI dropping for a UE, which is the same as the probability of that UE needs to feedback HARQ-ACK for the Secondary cell. The CSI dropping rate will in turn define the DL throughput loss. It has been shown that the DL throughput loss due to CSI dropping can be considerable also with two CCs (i.e. with channel selection) especially when considering the cell edge throughput. For example, [2] illustrates that the cell edge throughput is reduced by up-to 15% - 26% when the CSI dropping rate is varied between 50% and 90%. Similar trend can be observed based on the simulation results presented in the appendix. Based on the results it can be observed that not surprisingly, the achievable throughput decreases as the CSI reporting periodicity increases. 

Another aspect is that the amount of CSI feedback per carrier is increasing due to new Rel-10 and Rel-11 features such as eICIC and CoMP. When considering the combination of CA with eICIC and/or CoMP, resource/cell specific CSI will increase the number of independent CSI reports even further, potentially multiplying the number of periodic CSI reports per CC. This will increase the CSI dropping rate compared to Rel-10 considerably (also with two CCs).

Furthermore, it should be noted that additional cost and complexity due to this feature is very small: Rel-8 scheme for CSI+A/N can be used to carry the CSI+A/N also in the case of carrier aggregation (channel selection). Hence, there is no need to define yet another multiplexing solution for this specific case. Finally, from commonality point of view it would be beneficial to have the same Rel-11 functionality supported for both PUCCH Format 3 and PUCCH channel selection. 

Based on these aspects, we propose to support simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report for a Rel-11 UE that is configured for Format 1b with channel selection. We propose that this option is supported regardless of the container used for CSI (i.e. Format 2 or Format 3 assuming that PUCCH Format 3 is agreed for periodic CSI only reporting).
Proposal #1: A Rel-11 UE that is configured for Format 1b with channel selection can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell.
Proposed multiplexing scheme for the case when CSI is configured to use PUCCH Format 2:
The preferred multiplexing scheme follows the Rel-10 solution for concurrent transmission of A/N and positive SR in the case of carrier aggregation:
· If simultaneous transmission of A/N and CQI is enabled, A/N + periodic CSI will be transmitted on PUCCH format 2b:

· Spatial bundling of A/N is first applied for each CC

· The A/N from the PCell is mapped into b0

· The A/N from the SCell is mapped into b1.

It is noted that the same principle can be applied for both normal and extended CP cases regardless of different multiplexing schemes used. However, this scheme is not applicable to TDD mode due to unlimited capability to convey up-to four A/N bits [3].
Proposal #2: When the Carrier aggregation HARQ-ACK format is configured as PUCCH format 1b with channel selection (FDD), the CSI and HARQ-ACK are transmitted using PUCCH format 2a/b. Spatial bundling is applied for HARQ-ACK.
Proposed multiplexing scheme for the case when CSI is configured to use PUCCH Format 3 (assuming that PUCCH format 3 is agreed for periodic CSI only reporting):
Following this configuration we propose to jointly encode periodic CSI and multi-cell HARQ-ACK and transmit the signalling combination using Format 3 resource. This option can be applied in both TDD and FDD modes. Furthermore, this maximizes the similarity between channel selection and Format 3.
The only issue with this option is how to handle the payload ambiguity issue. It is noted that the PUCCH payload varies according to presence of HARQ-ACK. In the case when the UE fails to decode PDCCH it has no reason for transmitting HARQ-ACK ( payload is different compared to case with CSI+A/N.
In order to avoid error case, we propose to convey the information of the actual signalling combination using the orthogonal cover code of DM RS (currently unused). This could be made e.g. in the following way:

· OCC  [1 1];    CSI only    

· PUCCH Format 3 payload is dimensioned according to CSI only
· OCC  [1  -1];  CSI + Multi-Cell HARQ-ACK
· PUCCH Format 3 payload is dimensioned according to CSI + multi-A/N
It is also possible to have complex OCC (similar to PUCCH Format 2b) to indicate difference between PCell only scheduling and PDSCH scheduling involving one or more SCells.
Proposal #3: Use OCC of DM RS to handle the payload ambiguity problem

3. Conclusions

In this contribution we have discussed improvements for the uplink physical layer signaling related to multiplexing periodic CSI and HARQ-ACK in a subframe. Based on the discussion, we make the following proposals:
· Proposal #1: A Rel-11 UE that is configured for Format 1b with channel selection can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell.
· Proposal #2: When the Carrier aggregation HARQ-ACK format is configured as PUCCH Format 1b with channel selection, the CSI and HARQ-ACK are transmitted using PUCCH format 2a/b. Spatial bundling is applied for HARQ-ACK.
· Proposal #3: Use OCC of DM RS to handle the payload ambiguity problem.
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APPENDIX
The main simulation parameters are listed below: 

	Simulation set up
	Macro case 1, 7 macro sites, 3 sectors (cells) per carrier

	CA configuration
	2x10MHz @ 2GHz

	Antenna configuration
	2x2 MIMO, TM4

	Channel model
	SCM 

	Number of UEs
	10 UEs per sector with full buffer

	UE speed
	3km/h and 30km/h

	CQI reporting time interval
	[2ms … 100ms]

	CQI report mode
	wideband CQI 

	CQI delay
	6ms


The simulation results showing the cell-edge and average UE throughput are presented in Figure 1. 
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Figure 1. Cell-edge (left) and Average UE throughput as a function of CSI reporting interval.
