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Introduction

It is well known that new LTE-Advanced features such as CoMP, component carrier aggregation and advanced MIMO schemes rely on accurate and frequent enough CSI (channel state information) feedback signalled in the uplink. A common nominator for the new features is that they require CSI feedback sizes larger than supported in LTE Rel’8. As an indication of that it has been captured in LTE-Advanced TR [1] that two approaches should be studied regarding the feedback signalling design for CoMP:
· Expanding the supported PUCCH payload sizes

· Using periodic/a-periodic reports on PUSCH.
Regardless of the container used, it makes sense to allow combining of different CSI contents into a single report and transmit the combined CSI via a single physical resource. E.g., in the case periodic PUSCH is used in conjunction with channel aggregation, the CSI report could consist of CC-specific reporting specified for LTE Rel’8 (i.e., Nx Rel’8 approach).
This contribution discusses about the CSI feedback channel enhancements using PUCCH and periodic PUSCH.
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PUCCH payload extension
Payload size of periodic CSI transmitted on PUCCH is strictly limited in LTE Rel’8 where only up to 11 CSI bits/subframe can be supported. Multi sequence modulation (MSM) using two adjacent cyclic shift resources doubles the PUCCH payload with reasonable cubic metric (CM) increment. As shown in [3], the average CM increment compared to QPSK-modulated PUSCH is only about 0.2 dB. It is also noted that the CM increment can be fully avoided in the case when different CSs are transmitted via two Tx antennas. 
We think that MSM is the most natural way to extend PUCCH to support larger CSI payloads and it is an enhancement needed in LTE-Advanced. Detailed performance evaluation for extended PUCCH is given in another contribution [5]. However, payload increment provided by MSM it is not enough, much more is needed in LTE-Advanced for even the basic operation.

3 Periodic/a-periodic PUSCH

It was shown in [4] that in interference limited case, PUSCH can support relatively large CSI payload sizes (up to 500 bits/subframe) also from the cell edge
. However, this is made at the expense of UL capacity. Results shown in [4] indicate reasonable maximum size for the CSI feedback report to be sent periodically in uplink is about 100-200 bits.
The need for periodic PUSCH seems obvious in the context of LTE-Advanced. It is known that in many cases CSI feedback is periodic by nature. Relying solely on a-periodic reporting (meant primarily for the few scheduled users only), increases the  PDCCH overhead considerably due to the need to trigger each report by sending a proper UL grant. It is noted that DL overhead can be quite significant esp. in the CoMP case with a large number of UEs and frequent feedback rate. This overhead can be avoided using periodic PUSCH. As discussed in [2] periodic PUSCH approach can be simply viewed as a different PUCCH format for the support of moderate and large CSI payloads.
One aspects related to periodic PUSCH is uplink overhead especially with small/moderate  (30-50 bits) CSI palyloads. This issue is visible in Figure 1 which shows the required SNR to meet the BLER target of 10% as a function of CSI size. With resource allocation size of 1 PRB, CSI sizes of 30-100 bits can be reached already with SNR of -0.2-3.1 dB.  This indicates that in most cases one resource block is far too large with typical CSI payloads. Coarse allocation granularity creates unnecessary system overhead for the CSI reporting and the issue is emphasized with distributed RB allocation, assuming that the minimum RB allocation equals to 2 PRBs.

Results shown in Figure 1 have been simulated with practical receiver and realistic channel estimation algorithms. TU channel with UE speed of 3 km/h was applied. HARQ was not used in this simulation, since it would introduce too much delay for the CSI reporting.  
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Figure 1. Link performance for CSI transmitted on PUSCH, TU channel, v=3 km/h, 1x2, HARQ off.

It was proposed in [2] to reduce the periodic CSI overhead by increasing the multiplexing capacity of periodic PUSCH. This would allow sub-channelization of the PUSCH resource into N parallel sub-channels. One approach would be to reuse the principle of block-level CDM (used with PUCCH Format 1) on top of PUSCH structure.
As mentioned, CSI feedback can represent significant overhead in UL [4]. Therefore, it is important to optimize the capacity/coverage of CSI feedback in order to minimize the system overhead.  It is known that increasing the multiplexing capacity of periodic PUSCH will increase the possibilities for improved interference management between adjacent cells which in turn improves the cell edge performance. 

4
Summary 
This contribution discusses about the CSI feedback channel enhancements supporting larger CSI payload in uplink. It was proposed that 

· Multi-sequence modulation using is needed to double the payload of CSI transmitted on periodic PUCCH
· In order to minimize the overhead of periodic PUSCH, sub-channelization of the PUSCH resource should be supported. One approach would be to reuse the principle of block-level CDM on top of PUSCH structure.
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� In the coverage limited case the supported CSI report size is much smaller





