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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 extend existing Rel-8 CQI report modes in a natural way as evidenced from the agreed way forward in [1] :
· 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 the agreed natural manner.
2. 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. When extending these modes, it has been agreed [1] to consider natural ways of doing this in order to maintain the already efficient Rel-8 operation and thus not unnecessarily complicate the design. We try to obey to that principle and strive for a clean and simple design. 
For simplicity and for low signaling overhead, two of the Rel-8 CQI reporting modes, PUSCH 3-1 and PUCCH 1-1, purely use wideband precoding. Clearly, the pure wideband characteristic of these modes should be maintained so as to still allow simple mode of operation maintaining more or less 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 not necessarily receiving any data can be multiplexed on PUCCH. When data starts being transmitted more continuously to a user, the aperiodic PUSCH modes are used to provide detailed reports. 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. Subsampling of precoder codebook is proposed in the way forward in [2] . For the GoB 1 designs [5] 
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[6] , a simple approach would for example be to fix the second precoder 
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 on PUCCH 1-1. 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. With such an approach, the total payloads would remain at 8 and 11 bits for rank 1 and 2, respectively. As an alternative, it may be considered to fix 
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only for rank 2 and for rank 1 spend either 1 or 2 bits for 
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. This would increase the payload size for rank 1 with one or two bits compared to what we have today, but still be one or two bits less than the maximum of 11 bits. An equivalent subsampling strategy can easily be applied to the joint codebook proposal in [7] .
Proposal

· Perform subsampling of the codebook(s) on PUCCH  for maintaining the coverage of CSI on PUCCH which anyway is only intended for coarse reports
The remaining PUSCH 2-2 mode may also be extended in a natural manner by replacing the wideband precoder part, which applies to all non-selected subband, by a single wideband 
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 and a single wideband 
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. The precoder for the selected subbands is replaced by 
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, which, together with the same 
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as for the non-selected subbands, is assumed when computing CQI for the selected subbands.
Proposal

· The Rel-10 extensions of all the Rel-8 PUSCH CQI reporting modes as well as the PUCCH 1-1 can be obtained in a simple and clean manner as summarized in Table 1 and Table 2.

Table 1: Shows how Rel-8 precoder content is replaced by corresponding Rel-10 precoder content.
	PUSCH CSI Mode
	Rel-8 wideband PMI
	Rel-8 per subband PMI

	3-1
	single PMI1, single PMI2
	-

	1-2
	-
	single wideband PMI1,

per subband PMI2

	2-2
	single wideband PMI1 (applied to all subbands), single PMI2 applied to non-selected subbands
	single PMI2 applied to

 selected subands


Table 2: Shows how Rel-8 precoder content is replaced by corresponding Rel-10 precoder content.

	PUCCH CSI Mode
	Report content in subframe corresponding to

Rel-8 RI
	Report content in subframe corresponding to Rel-8 wideband PMI + wideband CQI

	1-1
	RI
	single PMI1, single PMI2


2.1. Reporting 
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 in Different Subframes
In RAN1 #60bis, it was agreed that 
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 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. 
Proposal

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

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. 
· For PUCCH 1-1 the benefits of transmitting  
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 in different subframes are unclear

· PUCCH 1-1 is simple in Rel-8 and should be kept simple in Rel-10 as well with the same kind of system operation

· Baseline: 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 and introduces a long and undesirable CSI outage, 
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 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 therefore heavily protected on a level similar to the ACK/NACKs. 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. 

Observation

· Reporting 
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 in different subframes on PUCCH is tricky because of error propagation and interaction with RI reporting
One possibility is to place 
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 together with RI in the subframe now only reporting RI. Compared with separate reporting, this has the benefit of keeping the number of dependent subframes the same as in Rel-8 and has been proposed in [8] 
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[9] . On the other hand, the payload size on the RI subframe then increases substantially leading to much higher occurrence of CSI outage. Note that CSI outage is not treated in the analysis in [8], which only considers an average error probability and not how the errors are distributed over time, i.e., it is not taken into account that it is highly undesirable to loose long periods of consecutive subframes of reporting, for which CSI outage is a more relevant measure. To avoid CSI outage, the Rel-8 design clearly strived to minimize the CSI outage probability by only transmitting RI in the subframe and this desirable design goal and solution remains valid also for Rel-10. Reporting 
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 together should thus for PUCCH 1-1 be established as the baseline, although reporting RI and 
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together can be considered for further study.  

But for PUCCH 2-1 the situation is a bit different since the RI and 
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 represents a much smaller fraction of the total report payload (which includes wideband CQI, 
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 and subband CQI and subband selection label) so typically it is not a big deal to decrease the length of an outage period by reporting 
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 and RI more often than what is done for PUCCH 1-1. One alternative for consideration is consequently to report 
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 together with RI and then only report 
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 together with wideband CQI in the subframe that in Rel-8 PUCCH 2-1 reports wideband precoder and wideband CQI. 
Proposal

· Reporting 
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 in different subframes may be considered for PUCCH 2-1, which anyway already departs from self contained principle
· Reporting 
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 together with RI is a candidate solution for PUCCH 2-1
But another alternative [10]  is to extend the PUCCH 2-1 by reporting 
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 as a subband precoder together with the selection label and subband CQI. The wideband precoder 
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 would then be reported together with wideband CQI and there would need to be an assumption on a fixed 
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when computing the wideband CQI. 
Observation

· The two mentioned alternatives for extending PUCCH 2-1 are summarized in Table 3 out of which only one should be chosen for standardization.
Table 3: Different alternatives how Rel-8 precoder content may be replaced by corresponding Rel-10 precoder content.

	PUCCH CSI Mode
	Report content in subframe corresponding to

Rel-8 RI 
	Report content in subframe corresponding to Rel-8 wideband PMI + wideband CQI
	Report content in subframe corresponding to Rel-8 subband selection 

	2-1a
	RI
	single PMI1, fixed assumption on PMI2 for computing wideband CQI,

wideband CQI
	single PMI2 for selected subband, 

last reported PMI1+PMI2 assumed for CQI computation

subband selection label, subband CQI

	2-1b
	RI jointly coded with PMI1
	single wideband PMI2,

wideband CQI
	last reported PMI1+PMI2 assumed for CQI computation 

subband selection label, subband CQI


3. 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 
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 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 is only intended for coarse reports
· The Rel-10 extensions of all the Rel-8 PUSCH CQI reporting modes as well as the PUCCH 1-1 can be obtained in a simple and clean manner as summarized in Table 1 and Table 2.

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

· For PUCCH 1-1 the benefits of transmitting  
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 in different subframes are unclear

· PUCCH 1-1 is simple in Rel-8 and should be kept simple in Rel-10 as well with the same kind of system operation

· Baseline: 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 may be considered for PUCCH 2-1, which anyway already departs from self contained principle

· Reporting 
[image: image67.wmf])

1

(

W

 together with RI is a candidate solution for PUCCH 2-1
· The two alternatives for extending PUCCH 2-1 are summarized in Table 3 out of which only one should be chosen for standardization.
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