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1. Introduction

For Rel-10 DL CA, a UE is configured to report periodic CSI independently for each serving cell. In the event of a collision of two or more CSI reports, the UE shall drop all but one of the CSI reports according to a predetermined priority. In some cases, e.g. some TDD UL-DL configurations with limited UL subframes, it may not be possible to completely avoid collision between CSI reports. Furthermore, collisions between a CSI report and multi-cell HARQ-ACK feedback may be more prevalent. Therefore, it was agreed at RAN1 #68bis that

· 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 
Consequently, in this contribution we investigate the appropriate UL format for multi-cell periodic CSI reports. 
2. PUCCH-based multi-cell periodic CSI reporting
It may be recalled that RAN1 #66bis meeting already discussed – but did not reach a conclusion on – UL formats for multiplexing multi-cell periodic CSI including PUSCH and existing/modified versions of Rel-10 PUCCH formats. Our understanding is that the #68bis agreement precludes modifications to PUCCH Format 3 that change the spreading factor and/or introduce different data-RS arrangements (see [1] for two examples) since such modifications introduce new PUCCH formats. 
It was proposed in several contributions (see e.g. [2]) to consider multiplexing up to two periodic CSI reports on PUCCH format 3. It can be observed that the PUCCH Format 3 structure can support 22 information bits, which is just sufficient for the maximum possible CSI payload from two serving cells. We make a few observations on this proposal:
Observations: 
1) Scalability: while PUCCH format 3 is sufficient for 2 CSI reports in Rel-11, it is not scalable for future releases where more than 2 periodic CSI reports may need to be transmitted in a subframe. Even in Rel-11, for DL CoMP, it can be envisioned that more than two CSI reports may be required in a subframe.
2) Multiplexing capacity: the maximum multiplexing capacity per PRB for PUCCH formats 2/3 are 12 and 5 respectively. For low delay spread channels, this represents more than a 100% increase for format 2 compared to format 3. To address this limited multiplexing capacity in Rel-10, it was agreed that an ARI is dynamically signaled to select one resource out of a semi-statically configured set of four format 3 resources. This allows some statistical multiplexing gain, since a number of UEs can be assigned the same semi-statically configured resource set. However, this gain is not possible for CSI reporting because the UE is semi-statically configured with 1 resource. This may result in a very high PUCCH overhead as more UEs are configured for DL CA (or for DL CoMP).
a. The PUCCH overhead also increases when UEs are configured for transmit diversity using SORTD.
3) Specification Impact: the UE behavior needs to be clarified with respect to different UL combinations and including:
a. Periodic CSI report(s) and HARQ-ACK corresponding to PDSCH only on PCell   

b. Periodic CSI reports and HARQ-ACK corresponding to PDSCH on PCell and SCell or only SCell

c. Whether configuration of a format 3 resource overrides a previously configured format 2 resource. 
3. PUSCH-based multi-cell periodic CSI reporting
Transmitting multi-cell periodic CSI on the PUSCH was proposed in e.g. [1], and [3]. This can be viewed as a natural extension of legacy uplink control signaling because it is similar to transmitting aperiodic CSI (and HARQ-ACK if present) without associated UL-SCH data on the PUSCH. Furthermore,
· Compared to a 68-bit payload when a UE is configured in transmission mode 9, 8 CSI-RS ports, and PUSCH CSI Mode 3-1, the maximum payload for reporting periodic CSI for 5 serving cells is 55 bits.

· No RAN4 impact is foreseen since performance requirements should be similar to aperiodic CSI without UL-SCH data.
Therefore, what needs to be determined with this approach is the resource allocation and signaling method. We discuss possible solutions. 
3.1. RRC configuration of PUSCH resources

This approach bears some similarity with semi-persistent scheduling. The UE is semi-statically configured with a PUSCH allocation for transmitting multi-cell periodic CSI reports. Similarly to Rel-10 a detected UL grant shall take precedence over the semi-statistically configured PUSCH-CSI resource. This solution can also be viewed as a new PUCCH scheme which uses PUSCH physical layer processing including coding, modulation and mapping to physical resources. A number of issues arise with this scheme including:
· It increases scheduling complexity for the PUSCH because it results in a new PUCCH-CSI region within the PUSCH region in addition to the existing PUCCH Format 2 region.

· Limited multiplexing capacity: only one UE – or possibly two UEs if MU-MIMO is supported – can be configured in a PRB. 

· During configuration, addition or removal of a SCell it needs to be determined how to report CSI for at least the PCell, and possibly, other SCells.
· In case of implicit or explicit deactivation of a SCell there may be ambiguity between the UE and eNB on the PUSCH payload. 

One possible improvement that avoids the relative inflexibility of semi-statically configured resource allocation is to support activation/deactivation of the CSI resource by dynamic signaling similarly to SPS scheduling.

3.2. Dynamic allocation of PUSCH resources

Rel-10 already supports multi-cell aperiodic CSI reporting on the PUSCH. In addition it has been shown (see e.g. [4]) that performance degradation caused by dropping CSI reports is more than compensated by the availability of aperiodic CSI reports. Two arguments against relying on aperiodic CSI reports for multi-cell CSI reporting are:

1) It comes at the cost of PDCCH overhead to support periodic updating of CSI at the eNB. 

2) Aperiodic CSI requires significantly larger UL overhead since it provides detailed CSI whereas periodic CSI may simply provide wideband CSI that is useful for e.g. PDCCH link adaptation.  
To address the first point it was noted in [4] that UL grants are anyway needed to support TCP A/Ns corresponding to heavy DL scheduling in multiple serving cells.

We address the second point as follows:

· Provision of CSI for PDCCH link adaptation is possible by aperiodic CSI reports for low mobility use cases. 

· Consider configuring a UE with different reporting CSI reporting modes on PUSCH. For example, the UE can be configured to report either wideband CSI information or more detailed sub-band information (e.g. PUSCH CSI Mode 3-1) for the activated serving cells. For 5 serving cells this corresponds to either 55 bits for wideband CSI or 5 * 68 (PUSCH Mode 3-1, TM9 with 8 CSI-RS ports) = 340 bits for sub-band CSI. 
· One simple way to configure this reporting mechanism is by re-defining the RRC-configured values of the CSI request field in an UL grant. 
4. Conclusion

This contribution considered several design aspects regarding multiplexing of multi-cell periodic CSI reporting on the existing UL channel formats. Based on an analysis of the proposed schemes our observations and recommendations are:
· Existing PUCCH-based formats and extensions thereof are not easily scalable for supporting multi-cell periodic CSI reporting in future releases.

· Semi-static configuration of PUSCH resources introduces several issues that need to be addressed

· Maintaining current triggered reporting of CSI on PUSCH seems to be the solution with least specification impact and is currently supported

· As an enhancement consider configuring a UE with different reporting CSI reporting modes on PUSCH, where one mode can support wideband multi-cell CSI reports and another mode can support more refined sub-band multi-cell CSI reports for all activated serving cells.
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