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1. Introduction

In the last several meetings, the discussion of UL control signalling was focused on PUCCH interference coordination and capacity enhancement from the viewpoint of multi-user and UL CoMP as in [1]~[7].
Along with the introduction of DL CoMP, the UE needs to report the DL channel conditions from multiple points within the cooperating set so as to aid the eNodeB to coordinate the DL resources among different points and conduct channel-dependent scheduling.
Thus in this contribution, we investigate the resource allocation of multiple PUCCH messages for multiple points from one UE in order to avoid PUCCH resource collisions.
2. PUCCH format 1/1a/1b
The PUCCH channel allocation of format 1/1a/1b is based on the lowest-numbered CCE in the DL assignment of PDCCH in the serving cell.  Irrespective of the number of cooperating points for the desired UE, at most 2 transport blocks (TBs) can be transmitted to the UE.  Therefore, the payload of HARQ-ACK reports remains the same as the conventional single-cell transmission.  Moreover, the PUCCH format 1/1a/1b would be received at the UE’s serving cell.  Therefore no further design is necessary for this type of PUCCH message.   We propose,
· Proposal 1: no change to PUCCH format 1/1a/1b for DL CoMP  in Rel.11.

3. PUCCH format 2/2a/2b
For DL CoMP, the UE needs to feed back multiple CSI reports corresponding to multiple transmission points within the cooperating set in order to aid the scheduler to coordinate the DL resources among the different points.

Note that to map different PUCCH resources for multiple CSI reports to multiple coordinated points within a cooperating set, it is necessary to order the multiple points.  This would naturally be done according to the indices of the configured non-zero-power CSI-RS resources, informed to the UE via higher-layer signalling.

In the following, we consider the different possibilities for the multiplexing of PUCCH format 2/2a/2b from a UE to transmit multiple CSI reports for multiple CSI-RS resources.
1. TDM

Similar to carrier aggregation (CA), multiple CSI reports for CSI measurements of multiple CSI-RS resources are transmitted on one PUCCH resource, i.e., the same frequency resource and the same cyclic shift of orthogonal sequence, which is indicated to the UE by the eNodeB via higher-layer signalling.   In one subframe, only one CSI is fed back and the other CSI reports for other CSI-RS resources are fed back in the consecutive subframes with an offset in time.   The time offset for each CSI-RS resource could be indicated to the UE via higher-layer signalling.  

In CA, this kind of TDM mechanism is also used to transmit multiple CSI reports for multiple DL CCs.  The time offset of PUCCH format 2/2a/2b conveying the CSI reports for CoMP should be configured to avoid the collision with PUCCH format 2/2a/2b for multiple DL CCs.

However, TDM of PUCCH format 2/2a/2b incurs a scheduling delay for CoMP, since the network needs the CSI feedback for all points in the CoMP measurement set before it can coordinate the downlink transmissions.  As the number of coordinated points increases, the scheduling latency may lead to significant throughput loss.  Therefore, this mechanism is only suitable for scenarios where the number of configured non-zero-power CSI-RS resources in the CoMP measurement set is small.

2. CDM

In this mechanism, multiple CSI reports from one UE are allocated on the same time-frequency resource of PUCCH, but they are differentiated by using cyclic time shifts of a sequence with suitable properties.  The resource configuration of PUCCH format 2/2a/2b conveying the CSI report corresponding to the first configured non-zero-power CSI-RS resource could reuse the resource allocation mechanism specified in LTE Release 8/9/10.  The resource of PUCCH format 2/2a/2b conveying the CSI reports for other CSI-RS resources could be assigned to the same-frequency resource and the same orthogonal sequence with a cyclic shift offset to the one for the first CSI feedback.  The cyclic shift offset for each CSI report could be configured by higher-layer signalling.

In this mechanism, only one DMRS orthogonal resource is needed for multiple CSI reports.  Compared to TDM, CDM of multiple PUCCH format 2/2a/2b reduces scheduling delay significantly by enabling multiple reporting simultaneously.  

However, this mechanism may incur a PAPR issue through multiplexing multiple PUCCH transmissions in one subframe.  A further limitation is that, due to the consumption of orthogonal sequences, the multiplexing of multiple UEs in the same PUCCH region is restricted.

3. FDM
In this mechanism, different PRBs are used to enable multiple CSI reports using PUCCH format 2/2a/2b for CoMP to be fed back within the same subframe.  The multiple resource indices would need to be configured for the UE either implicitly or explicitly with some additional higher-layer signalling.

Similar to CDM, this mechanism may incur a PAPR issue, and also requires multiple DMRS orthogonal resources.  
3.1. Summary and Observations for PUCCH format 2/2a/2b

It is observed that the multiplexing mechanisms of CDM and FDM for multiple CSI reports fit naturally in the current framework of PUCCH format 2/2a/2b, with the only significant drawback being the potential PAPR issue.  Taking into account the fact that non-contiguous resource allocation for PUSCH is already a possibility in Rel.10, the PAPR issue may not be such a problem for PUCCH in Rel.11.
As discussed above, the three multiplexing methods of multiple CSI reports for CoMP have different pros and cons.  Since none of the methods incurs significant complexity, allowing the network the flexibility to configure any combination of these three methods could therefore be a suitable way forward.

Therefore we propose:
· Proposal 2: Allow the network to configure the multiplexing of multiple PUCCH format 2/2a/2b messages corresponding to CSI feedback for different CSI-RS resources using any of TDM, CDM and FDM.

· Proposal 3:  HARQ-ACK is transmitted in conjunction with the CSI feedback corresponding to the CSI-RS resource with the lowest index if multiple CSI reports are transmitted in a single subframe.
4. PUCCH format 3
If PUCCH format 3 is only used to convey HARQ-ACK information, no further design is necessary for this type of PUCCH message, similar to the discussion for PUCCH format 1/1a/1b.

However, considering the ability of PUCCH format 3 to convey high control information payloads, we could use PUCCH format 3 to transmit multiple CSI reports in a given subframe.  For example, the information bits of multiple CSI reports could be concatenated in ascending order of the CSI-RS resource index.  Each multiplexed CSI report could have up to 20 bits in a PUCCH format 3 message.   If more CSI reports needed to be multiplexed in a given subframe, the multiplexing of multiple PUCCH format 3 messages could then be performed using the TDM, CDM, FDM method discussed above for PUCCH format 2.  Since the orthogonal cover sequences of PUCCH format 3 are DFT sequences of length 5, multiplexing of up to 5 PUCCH format 3 in one PRB is possible.
Note that PUCCH format 3 is already used to convey HARQ-ACK information in Rel.10, and its application for multiple CSI reports would need to be configured by higher layer signalling.  
Therefore we propose,
· Proposal 4: Consider using PUCCH format 3 to convey multiple CSI reports for DL CoMP. If multiple PUCCH format 3 messages conveying multiple CSI reports need to be transmitted in a single subframe, consider the same TDM, CDM and FDM mechanisms as for PUCCH format 2/2a/2b.

5. Conclusions

In this contribution, we analyze the possible multiplexing mechanisms for different types of PUCCH messages for multiple CSI-RS resources from one UE in order to avoid PUCCH resource collisions.  According to the discussion in Sections 2~4, we propose:
· Proposal 1: no change to PUCCH format 1/1a/1b for DL CoMP  in Rel.11.

· Proposal 2: Allow the network to configure the multiplexing of multiple PUCCH format 2/2a/2b messages corresponding to CSI feedback for different CSI-RS resources using any of TDM, CDM and FDM.

· Proposal 3:  HARQ-ACK is transmitted in conjunction with the CSI feedback corresponding to the CSI-RS resource with the lowest index if multiple CSI reports are transmitted in a single subframe.

· Proposal 4: Consider using PUCCH format 3 to convey multiple CSI reports for DL CoMP. If multiple PUCCH format 3 messages conveying multiple CSI reports need to be transmitted in a single subframe, consider the same TDM, CDM and FDM mechanisms as for PUCCH format 2/2a/2b.
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