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1
Introduction
Codebook enhancements for improved MU-MIMO operation are being considered as an important aspect of LTE Release 10 standardization.  As part of the CSI feedback discussions, the feedback signaling details will also have to be treated.  This contribution discusses details of periodic CSI feedback on PUCCH. 

2
Discussion
2.1
Rel-8 PUCCH feedback structure
The four CQI/PMI reporting modes defined in Rel-8 are given in Table 1 [1]. 
Table 1: CQI and PMI Feedback Types for PUCCH reporting Modes [1]
	
	
	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)
	
	


Since the proposed new LTE-A MIMO mode resembles mostly Rel-9 transmission mode 8, it is worthwhile to take into consideration the allowed feedback types for TM8: 
· Transmission mode 8
: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting
Details of the Rel-8/9 PUCCH payload size [1] are given in Table 2 below. 
Table 2: PUCCH Report Type Payload size per Reporting Mode [1]
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	6
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	4
	4


2.2
LTE-A PUCCH feedback aspects

The main differences between LTE and LTE-A feedback is the support of up to 8x8 configurations and the transparent support of MU-/SU-MIMO.  

For MU-MIMO support, various feedback improvements were proposed. Since the feedback details have not been finalized, it is not possible to give a full proposal for feedback signaling. In this contribution, we make the following assumptions and proposals. 

PUCCH reporting modes: 
Although the downlink grant supports transparent SU-/MU-MIMO, it should be possible to configure separate reporting mode targeting SU-MIMO or mixed MU-/SU-MIMO modes.  The two different modes are characterized as: 

· Reporting mode targeting SU-MIMO: 
· Reuse existing reporting modes
· Reporting mode targeting MU-SU-MIMO:

· Use multiple PMI report targeting subband feedback
UE selected subband reporting : 
In the case MU-MIMO, we don’t see the benefit of UE selected subband reporting.  Since the best subband depends on the MU-MIMO pairing opportunity, the UE is not in the position to reliably determine the best subband for MU-MIMO. With UE selected subband reporting, the probability of appropriate MU-MIMO pairing will be reduced since the feedback is available only in a limited number of subbands. 
Based on the above, we make the following proposals: 

Proposal 1:   Use the existing reporting modes targeting SU-MIMO operation.  Define a new reporting mode for MU-/SU-MIMO operation.  

Proposal 2:    Do not define UE selected subband feedback in the new reporting mode

Further details of the proposed PUCCH reporting mode definitions are given in the following shown as change marks. 
Table 3: Proposed LTE-A CQI and PMI Feedback Types for PUCCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUCCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1
	 

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1
	

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	
	
	Mode 3-2

	
	(subband CQI)
	
	
	


The following reporting modes are supported on PUCCH:

Transmission mode 1
: Modes 1-0, 2-0

Transmission mode 2
: Modes 1-0, 2-0

Transmission mode 3
: Modes 1-0, 2-0

Transmission mode 4
: Modes 1-1, 2-1

Transmission mode 5
: Modes 1-1, 2-1

Transmission mode 6
: Modes 1-1, 2-1

Transmission mode 7
: Modes 1-0, 2-0
Transmission mode 8
: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting
Transmission mode 9
: Modes 1-1, 2-1, 3-2 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting
Table 4: PUCCH Report Type Payload size per Reporting Mode

	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 3-2
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	NA
	4+L

	
	
	2 ≥ RI > 1
	NA
	7+L
	NA
	NA
	4+L

	
	
	RI > 2
	NA
	7+L
	7
	NA
	4+L

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	6
	6
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	8
	NA
	NA

	
	
	8 TX Antennas RI = 1
	8
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	11
	NA
	NA

	
	
	8 TX Antennas RI > 1
	11
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2
	2

	
	
	8-layer spatial multiplexing
	3
	3
	3
	3
	3

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	NA
	4
	4

	5
	Sub-band CQI/PMI
	2 TX Antennas RI = 1
	NA
	NA
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	NA
	NA
	8
	NA
	NA

	
	
	8 TX Antennas RI = 1
	NA
	NA
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	NA
	NA
	8
	NA
	NA

	
	
	4 TX Antennas 2 ≥ RI > 1
	NA
	NA
	11
	NA
	NA

	
	
	8 TX Antennas  2 ≥ RI > 1
	NA
	NA
	11
	NA
	NA

	
	
	4 TX Antennas RI > 2
	NA
	NA
	N/A
	NA
	NA

	
	
	8 TX Antennas  RI > 2
	NA
	NA
	N/A
	NA
	NA


Notes:
1. 2-layer, 4-layer or 8-layer spatial multiplexing depends on both the number of eNB and number of UE antenna ports.

2. Wideband PMI for 2 Tx consists of 2 bits.

a. Same as Rel-8

3. Wideband PMI for 4 Tx and 8 Tx consists of 4 bits.
a. Wide-band PMI carries no information about W2

b. For 4 Tx, wideband PMI is W1=Rel-8 codebook

c. For 8 Tx, wideband PMI is W1 for new 8 Tx codebook

4. Sub-band PMI for 2 Tx consists of 2 bits.

a. Same as Rel-8

5. Sub-band PMI for 4 Tx and 8 Tx consists of 4 (2) bits.

a. Sub-band PMI is W2

b. Current proposal for 4 Tx is 2 bits but in the Table we use 4 bits because performance improvement with increased granularity is expected
c. No sub-band PMI for Rank>2

d. The subband granularity of various parameters may vary

6. In reporting mode 3-2, when Rank>2, only subband CQI is reported in addition to wideband CQI and wideband PMI.
2.2
Feedback granularity

In the proposal given above, only moderate CSI feedback granularity was assumed.  We note that based on prior studies, increased feedback granularity can significantly enhance MU-MIMO performance; therefore higher feedback granularity should not be precluded. 

In the proposed bit-width for the various parameters, we gave the ‘average’ number of bits per sub-band. In our codebook proposals [2][3], the subband granularity for different parameters varies. However, this has no impact on the PUCCH reporting format and the PUCCH payload does not vary over subbands.  
5
Conclusion

We have presented a feedback signaling proposal for periodic CSI reporting.  

The proposals can be summarized as 
Proposal 1:   Use the existing reporting modes targeting SU-MIMO operation.  Define a new reporting mode (3-2) for MU-/SU-MIMO operation.  

Table 5: Proposed LTE-A CQI and PMI Feedback Types for PUCCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUCCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1
	 

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1
	

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	
	
	Mode 3-2

	
	(subband CQI)
	
	
	


Proposal 2:    Do not define UE selected subband feedback in the new reporting mode

Further details of the proposed PUCCH reporting mode definitions are given in the following:

Table 6: PUCCH Report Type Payload size per Reporting Mode

	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 3-2
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	NA
	4+L

	
	
	2 ≥ RI > 1
	NA
	7+L
	NA
	NA
	4+L

	
	
	RI > 2
	NA
	7+L
	7
	NA
	4+L

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	6
	6
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	8
	NA
	NA

	
	
	8 TX Antennas RI = 1
	8
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	11
	NA
	NA

	
	
	8 TX Antennas RI > 1
	11
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2
	2

	
	
	8-layer spatial multiplexing
	3
	3
	3
	3
	3

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	NA
	4
	4

	5
	Sub-band CQI/PMI
	2 TX Antennas RI = 1
	NA
	NA
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	NA
	NA
	8
	NA
	NA

	
	
	8 TX Antennas RI = 1
	NA
	NA
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	NA
	NA
	8
	NA
	NA

	
	
	4 TX Antennas 2 ≥ RI > 1
	NA
	NA
	11
	NA
	NA

	
	
	8 TX Antennas  2 ≥ RI > 1
	NA
	NA
	11
	NA
	NA

	
	
	4 TX Antennas RI > 2
	NA
	NA
	N/A
	NA
	NA

	
	
	8 TX Antennas  RI > 2
	NA
	NA
	N/A
	NA
	NA
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