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1 Introduction 

Rel-8 supports the following reporting modes for CQI/PMI/RI:
On PUSCH:
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


On PUCCH:
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


The Rel-8 PUCCH Report Type Payload sizes are as follows (showing only the reports and modes that are relevant for PMI reporting):
	PUCCH Report Type
	Reported
	Mode State 

	
	
	
	Mode 1-1
	Mode 2-1

	
	
	
	(bits/BP)
	(bits/BP)

	1
	Sub-band
CQI + spatial differential CQI where appropriate
	RI = 1
	NA
	4+L

	
	
	RI > 1
	NA
	7+L

	2
	Wideband CQI/PMI + spatial differential CQI where appropriate
	2 TX Antennas RI = 1
	6
	6

	
	
	4 TX Antennas RI = 1
	8
	8

	
	
	2 TX Antennas RI > 1
	8
	8

	
	
	4 TX Antennas RI > 1
	11
	11

	3
	RI
	2-layer spatial multiplexing
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2


For Rel-10, the following was agreed in [1]:

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

In [2], the following was agreed:

· 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

In this document we discuss the extension of the Rel-8 PMI/CQI/RI reporting modes for the enhanced feedback in Rel-10 to support MU-MIMO. 

2 Numbers of bits required for Enhanced Rel-10 feedback
According to our evaluations in [4], good performance can be achieved with the following numbers of bits for the enhanced feedback:

4 tx antennas:

· 6 bits per W1 PMI report

· 4 bits per W2 PMI report

· 1 bit to indicate W1 or W2 (proposed to be sent with RI - see below.)

· 2 bits per RI

8 tx antennas:

· 6 bits per W1 PMI report

· 4 bits per W2 PMI report

· 1 bit to indicate W1 or W2 (proposed to be sent with RI - see below.)

· 3 bits per RI

3 Feedback modes for Enhanced Rel-10 feedback
3.1 Periodic reporting on PUCCH

For PUCCH, the modes that are relevant to Rel-10 are 1-1 and 2-1 that support PMI. We show  below in detail how these modes may be extended to support the Rel-10 enhanced 2-stage feedback for a single component carrier. (In case of multiple componenent carriers with carrier aggregation, these feedback modes may be further extended by cycling through the feedback for the different component carriers.)
3.1.1 Extension of Mode 1-1
An example of a Rel-8 Mode 1-1 reporting sequence is shown below, with only Wideband (W - type 2 report) reporting configured, together with RI (R - type 3 report):
R

W

W

W

W

R

W

W

W

W

To extend Mode 1-1 for the 2-stage feedback, some of the “W” reports would be for W1 and others for W2. One possible approach would be to define certain reporting instances for W1, and use the others for W2: 

R

W1

W2

W2

W2

R

W1

W2

W2

W2
As discussed in [3], W1 reports should be able to be self-contained, meaning that a CQI report is associated with W1 enabling the eNB to start precoded transmissions on the basis of W1 alone. This would also allow W2 reports to be switched off, for example in cases of low angular spread with correlated antennas. W2 reports also have associated CQI reports, which correspond to the product of the previous W1 and the W2. 

The W2 CQI reports can be included in the same report as the W2 feedback, as the number of bits required for W2 is low and the reliability of W2 is not critical. For W1, in order to ensure the reliability of the W1 feedback, the W1 and corresponding CQI (denoted “CQI1” here) could be transmitted in separate reporting instances. 

For example: 

R

W1

CQI1
W2

W2

W2

W2

R

W1

CQI1
W2

W2

W2

W2

However, as shown in [3] it is not optimal to transmit W1 with a regular periodicity. The period with which W1 needs to be updated may be several hundred ms. A simple and robust way to indicate whether a particular reporting cycle includes a W1 report would be to modify the RI, as this is heavily protected by coding. We propose adding one extra bit to the RI to indicate whether the forthcoming cycle includes W1 or not. An example is shown below, where “R1” indicates that the forthcoming cycle contains W1 feedback as well as W2 feedback, while “R2” indicates that the cycle contains only W2 feedback:
R1

W1

CQI1
W2

W2

W2

W2

R2

W2

W2

W2

W2

W2

W2

Typically the update rate of W1 would be lower than the update rate of the RI.
3.1.2 Extension of Mode 2-1

An example of a Rel-8 Mode 2-1 reporting sequence is shown below, with both Wideband (W - type 2 report) and Subband (S - type 1 report) reporting configured:


R

W

S

S

S

S

W

S

S

S

S

R




The same approach can be adopted to extend Mode 2-1 to support the Rel-10 2-stage feedback as for Mode 1-1, with the only difference being that each report containing PMI (either W1 or W2) is interspersed with JK subband CQI reports, as shown below:
R1
 W1 W1CQI S S S
 S
 W2 S S S S R2
W2 S S S S W2 S S S S
3.2 Aperiodic reporting on PUSCH

For PUSCH, the modes that are relevant to Rel-10 are 1-2, 2-2 and 3-1. 
In these cases W1 and W2 are assumed to be transmitted in the same subframe. This creates a larger report with more overhead, but fully self-contained. 
4 Conclusions
In this contribution we have shown how the Rel-8 feedback modes may be extended to support the Rel-10 2-stage feedback with W1 and W2. 
· For PUCCH reporting, modes 1-1 and 2-1 are extended.

· The RI reports are extended by 1 bit to indicate whether the associated reporting cycle includes an update of W1 or only W2 feedback. 

· W1 is fed back in a single report on its own. 

· The CQI report corresponding to W1 is transmitted in the reporting instance immediately following the W1 report.

· W2 and the CQI report corresponding to W2 are transmitted together in a single reporting instance. 

· For PUSCH reporting, modes 1-2, 2-2 and 3-1 are extended. 

· Each report contains both W1 and W2 feedback. 

· 6 bits are used for each W1 report, and 4 bits for each W2 report.
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