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1. Introduction

This contribution discusses CSI feedback signaling in support of SU-MIMO and MU-MIMO using the new Rel-10 precoder feedback. In RAN1 #61, significant progress was achieved and it was decided to progress the issue by extending existing Rel-8 CQI report modes in a natural way as evidenced from the agreed way forward in R1-103419:
· Aperiodic PUSCH: 

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework 

· The report in aperiodic PUSCH is self-contained in the same subframe

· One report can contain both W1 and W2 

· In case one of W1/W2 is fixed, one report can contain W1 only or W2 only

· Regardless of which, the precoder W is derived from W1 and W2

· The same report contains RI and CQI

· Periodic PUCCH
· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework

· W_1/W_2 reporting procedure 

· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W2 could be wideband or subband

· CSI Mode 2:  W is determined by a single report confined to a single subframe, e.g.

· one of W1/W2 could be fixed and hence does not need to be signaled 

· W1/W2 is not fixed but still does not necessarily need to be signaled

· But the precoder W is still derived from W1 and W2

· W2 could be wideband (i.e., subband size could be the system bandwidth)

· FFS: RI and CQI reporting details

This contribution outlines our views on feedback signaling and how to extend Rel-8 modes in a natural manner.
2. Basic Reporting Concept from Rel-8
Rel-8 supports two different types of CSI reports – aperiodic reports on PUSCH triggered by an UL grant and periodic reports on PUCCH. Since aperiodic reports are dynamically scheduled, rather large payloads and hence detailed reports can be supported. In contrast, PUCCH is efficient in terms of requiring limited resources but at the same time constitutes a very narrow data pipe for which considerably coarser reports are more appropriate. 
Typically, not that many UEs are simultaneously receiving data in a subframe. But many UEs can be in an active state simultaneously. Letting all UEs in active state transmit detailed CSI reports would not be feasible from an overhead perspective, not to mention from a DRX point of view. Such an operation would be highly inefficient considering the few UEs that actually simultaneously receive data. Instead, coarse reports in time and frequency are fed back by utilizing PUCCH based reporting which requires relatively little resources and can thus sustain a large number of UEs provided the period is set long enough. This only gives a rough measure of the CSI so the coarse PUCCH based reports are therefore complemented with more detailed CSI reports a short while after the UE starts being scheduled. The Rel-8 CSI feedback concept is highly efficient and scalable with the number of active UEs in the cell and thus remains an attractive solution also for Rel-10.

Observation

· Rel-8 aperiodic/periodic CSI feedback concept remains highly efficient also for Rel-10

· Detailed CSI feedback on aperiodic CSI on PUSCH
· Coarse CSI feedback on the narrow data pipe of PUCCH
3. Extensions to Rel-10
Rel-8 has a plethora of CQI reporting modes. There are in total nine different modes out of which five (PUSCH 1-2, 2-2, 3-1, PUCCH 1-1, 2-1) carry precoding information and are thus candidates for extensions when it comes to supporting the new precoder feedback. Two of these modes use, for simplicity and for low signaling overhead, wideband precoding, PUSCH 3-1 and PUCCH 1-1. When extending these modes, the wideband characteristic should be maintained so as to still allow simple mode of operation maintaining existing coverage of control signaling.
Proposal

· The extensions in Rel-10 of the wideband reports in Rel-8 (PUSCH 3-1, PUCCH 1-1) are still wideband

· A single 
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 is reported for the entire bandwidth

In Rel-8, coarse reporting on PUCCH refers to time as well as frequency. In other words, wideband reporting with a long period is typically used so that many UEs can be multiplexed on PUCCH. The coarseness may in Rel-10 be extended also to the spatial domain by subsampling the precoder codebook(s) so that both precoders 
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 fit in the same subframe. A simple approach would for example be to fix the second precoder 
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 for PUCCH. With the above GOB design, this means only 4 bits for the wideband precoder 
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 would be needed, thus ensuring that the coverage of the PUCCH reporting is as good as in Rel-8 for 4 Tx.

Proposal

· Perform subsampling of the codebook(s) on PUCCH  for maintaining the coverage of CSI on PUCCH which anyway can only support coarse reports
In RAN1 #60bis, it was agreed that 
[image: image7.wmf])

1

(

W

 and 
[image: image8.wmf])

2

(

W

 can be transmitted in the same or different subframes on PUCCH while for PUSCH this issue was left for FFS. The idea would be to save overhead by transmitting 
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 less seldom than 
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 targets the long-term correlation properties of the channel. 
The aperiodic on PUSCH can handle rather large payloads and the single reported wideband 
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 requires much fewer bits than the per subband reporting of 
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. Because of this, there appears to be little reason for only transmitting 
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 in an aperiodic PUSCH report, particularly considering that it is expensive signaling-wise to devote an uplink grant for triggering such a coarse report. Furthermore, the reporting on PUCCH can easily be handled in a robust manner using the above described concept of spatially subsampling codebooks and thus transmit both 
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 in the same subframe. Particularly PUCCH 1-1 is a very simple and robust reporting mode in Rel-8 and there are clear benefits in keeping it simple also in Rel-10 so that coverage of control signals is maintained and that PUCCH 1-1- fits the present efficient feedback concept with coarse reports on PUCCH but with high multiplexing capacity. 
Proposal

· Report self-contained with 
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in the same subframe for extending all PUSCH based reporting modes

· For PUCCH possible to report 
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in the same subframe using subsampling of codebooks to maintain control signaling coverage
· PUCCH 1-1 is simple in Rel-8 and should be kept simple in Rel-10 as well 

· Report self-contained with 
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in the same subframe and codebooks spatially subsampled to fit within present payload sizes (corresponding to CSI mode 2 in R1-103419)

In contrast to self contained reporting of the precoders, reporting of 
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 in different subframes on the other hand is challenging considering

· The risk for error propagation

· Complicated operation with respect to RI which is already reported in a separate subframe in Rel-8

Typically 
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 would be updated at a slow rate, for example every 50-100 ms, while 
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 would be updated considerably faster, around 10 ms. But if 
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 is in error because of an error in receiving the PUCCH, 50-100 ms worth of PUCCH reports are automatically lost since the reports for 
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 and CQI are dependent on first receiving 
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 . Since the impact of this error event is substantial, 
[image: image30.wmf])

1

(

W

 needs to be heavily protected so that the error event rarely occurs. The situation is a bit similar to the reporting of RI in Rel-8 which is also reported in a separate subframe and is heavily protected. A major difference is however that the RI is only two bits which allows a strong protection while the payload size for 
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 could be substantially larger thus preventing a strong protection, particularly on the cell-edge where the CSI reports are most useful. Subsampling of the 
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 codebook again provides a remedy since this allows the payload size for 
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 to be brought down to a similar level as for Rel-8.
Observation

· Reporting 
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 in different subframes on PUCCH appears tricky because of error propagation and interaction with RI reporting

· Would a report be dependent on three different subframes? – one for RI, one for 
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· Remedies include performing subsampling of 
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 codebook so that it achieves similar coverage as RI in Rel-8
Proposal

· Reporting 
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 in different subframes only considered for PUCCH 2-1 which anyway already departs from self contained principle
The CSI reporting does not only need to be extended to support new precoder feedback. Extensions to handle multi-carrier are also required. Since the PUCH anyway cannot carry much information we propose to cycle over the carriers when reporting on the PUCCH. This is perhaps most straightforwardly introduced by supporting independent configuration of periodic PUCCH reporting for each carrier. This maintains the simplicity and coverage of the Rel-8 modes with minimal specification efforts.
Proposal

· Independent configuration of periodic PUCCH CSI reporting for each carrier

· Implements cycling over carriers
4. Conclusions
Based on the discussion and simulation results above about feedback signaling issues for SU-MIMO and MU-MIMO we propose the following:

· The extensions in Rel-10 of the wideband reports in Rel-8 (PUSCH 3-1, PUCCH 1-1) are still wideband

· A single 
[image: image41.wmf])

1

(

W

 and a single 
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 is reported for the entire bandwidth
· Perform subsampling of the codebook(s) on PUCCH  for maintaining the coverage of CSI on PUCCH which anyway can only support coarse reports
· Report self-contained with 
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in the same subframe for extending all PUSCH based reporting modes

· For PUCCH possible to report 
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in the same subframe using subsampling of codebooks to maintain control signaling coverage
· PUCCH 1-1 is simple in Rel-8 and should be kept simple in Rel-10 as well 

· Report self-contained with 
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in the same subframe and codebooks spatially subsampled to fit within present payload sizes (corresponding to CSI mode 2 in R1-103419)

· Reporting 
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 in different subframes only considered for PUCCH 2-1 which anyway already departs from self contained principle
· Independent configuration of periodic PUCCH CSI reporting for each carrier

· Implements cycling over carriers
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