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1 Introduction
In RAN #60 in San Francisco, the following agreement on LTE-A feedback framework was made:

· Implicit feedback (PMI/RI/CQI) is used also for Rel-10

· UE spatial feedback for a subband represents a precoder (as constructed below)

· CQI computed based on the assumption that eNodeB uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource

· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure
In RAN #60bis, such further refinements [1] were agreed
· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1(C1 and W2(C2. The codebooks C1 and C2 are codebooks one and two, respectively.

· 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 this contribution, we discuss the control signalling required to support Rel. 10 feedback framework. 
2 New reporting modes in Rel. 10
Rel. 8 supports 7 transmission modes : Transmission mode 1 to 7. A Rel. 8 UE is scheduled using one of those 7 modes. 
In Rel. 9, a new transmission mode, denoted as Transmission mode 8 has been specified. A Rel. 9 UE is scheduled using either Transmission mode 8 or one of the Rel. 8 transmission modes. In Rel. 10, additional transmission modes could be specified. A Rel. 10 UE could be scheduled using either one of the new transmission modes specified in Rel. 10 or in transmission mode 8 or in one of the Rel. 8 transmission modes.

Table 1 summarized the transmission modes supportable by Rel. 8, 9 and 10 UEs.

Table 1: Supportable Transmission modes
	
	Supportable Transmission modes 

	Rel. 8 UEs
	Mode 1 to 7

	Rel. 9 UEs
	Mode 1to 7

	
	Mode 8

	Rel. 10 UEs
	Mode 1 to 7

	
	Mode 8

	
	Any new transmission mode(s) defined in Rel. 10, denoted as Rel. 10 transmission modes


For the new transmission modes specified in Rel. 10, new reporting modes should be specified. An overall view of the possibilities of standardizing new reporting modes is provided in Table 2. 
· There are no benefits to propose new reporting modes for transmission modes 1 to 7 for Rel. 10 UEs given that MU-MIMO based on DM-RS is not supported in those modes. 
· Even though the transmission mode 8 could support new reporting modes for Rel. 9 and Rel. 10 UEs, the benefits of standardizing such new reporting modes is unclear. 
· However, given the new feedback framework in Rel. 10, any new transmission mode in Rel. 10 could support new reporting modes. 
We focus our attention on reporting modes to be supported by Rel. 10 transmission modes in the sequel, for aperiodic reporting using PUSCH and periodic reporting using PDCCH.
Table 2: Overall options on new reporting modes
	
	Rel. 10 new transmission modes (supported up to 8Tx)
	Mode 8 (supported up to 4 Tx)
	Modes 1 to 7 (supported up to 4 Tx)

	Rel. 10 UEs
	1. New reporting modes (based or not on Rel. 10 new feedback framework)
2. Rel. 8 reporting modes
	1. New reporting modes (could be based on Rel. 10 new feedback framework, but benefits unclear)
2. Rel. 8 reporting modes
	Rel. 8 reporting modes only 
(No benefit to propose new reporting modes based on new feedback framework)

	Rel 9 UEs
	NA
	1. New reporting modes 
2. Rel. 8 reporting modes
	Rel. 8 reporting modes only

	Rel 8 UEs
	NA
	NA
	Rel. 8 reporting modes only


In [2], the following feedback framework is proposed.

Denoting the number of transmit antennas as Nt, the rank as R and relying on the notation agreed in [1], i.e. 

· W1(C1 and W2(C2
· W1 targets wideband/long-term channel properties

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

we propose the recommended precoder W to be build as

W=W2 W1                                                                                   (1)
where

· The recommended precoder W is a Nt x R unitary precoding matrix
· The outer matrix W1 (C1 is a tall Nt x R unitary precoding matrix
· For 4Tx, C1 is Rel. 8 4Tx codebook

· The inner matrix W2 (C2 is a square Nt x Nt diagonal matrix
It is important to note the following:

· W1 (that targets wideband/long-term channel properties) is on the right hand side of the product and W2 (that target frequency-selective/short-term time channel properties) is on the left hand side.

· W1 is a precoding matrix as defined in implicit feedback

· Similarly to Rel. 8 principle (e.g. wideband CQI/PMI)

· It can be tested using RAN4 procedure
To support such feedback framework, new reporting modes are necessary. The proposed reporting modes for Rel. 10 UEs detailed in the sequel are based on the following design principles:
· W1 (C1 is considered as a precoding matrix while W2 (C2 is a matrix, i.e. W1 (C1 can be reported and used on its own and a CQI can be computed assuming W1 (C1 is the recommended precoder while W2 (C2 cannot be used on its own and always relies on the report of W1 (C1.
· The feedback enhancement requiring the report of W1 (C1 and W2 (C2 would be applied to rank not larger than 2. For rank larger than 2, the recommended precoder is chosen in C1.
· Such restriction is motivated by the fact that MU-MIMO requires higher feedback accuracy and a UE reporting RI=1 or 2 would have a large chance to be scheduled in MU-MIMO while a UE reporting RI>2 would most probably be scheduled in SU-MIMO.
· For RI 
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, the precoding matrix W1 (C1 is reported whenever a wideband precoding matrix indicator is required (to reduce the feedback overhead or to report an appropriate precoder for a large RB assignment) and W2 (C2 is reported whenever a subband matrix indicator is required. For RI > 2, the precoding matrix is selected in C1.
· Whenever a reporting mode requires the report of a matrix indicator from C1 and not the report of a matrix indicator from C2, the final recommended precoder can be assumed as W = W1. In the proposed feedback framework, it would correspond to fix W2 to identity matrix. 
· A single subband matrix indicator may be computed over multiple subbands or per subband depending on the reporting mode. 

· A CQI is always computed based on the recommended precoder W, function of W1 (C1 and W2 (C2. 
· A wideband CQI is computed based on W if W2 (C2 is reported for all subbands, otherwise the wideband CQI is computed based on W1 (C1 only. 
· A subband CQI (computed over one subband or over a set of subbands) is computed based on W, function of the selected W1 (C1 and W2 (C2  over the subbands, whenever W2 (C2 is reported, otherwise the subband CQI is computed based on W1 (C1.
· The reporting mechanism follows Rel. 8 philosophy:

· Report of RI and CQI/PMI separately encoded as in Rel. 8. 
· On PUSCH, the wideband CQI/PMI, subband CQI/PMI and subband indication are jointly encoded. 
· On PUCCH, the wideband PMI/CQI and subband CQI/PMI are reported in different subframes.
· As agreed in previous meeting, 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).
3 Aperiodic CQI/PMI/RI Reporting using PUSCH
For Rel. 10 UEs in Rel. 10 transmission modes, we define the following reporting modes in Table 3. It has to be noted that, in modes defined in Table 3, the number of transmit antennas can be 2, 4 or 8. 

Table 3: CQI and PMI Feedback Types for PUSCH Rel. 10 reporting Modes

	
	
	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)
	
	
	


As a direct extension of Rel. 9, Rel. 10 transmission modes should support the following reporting modes:
· Modes 1-2, 2-2, 3-1 if the UE is configured with PMI/RI reporting. Those modes can be thought of as a revision of Modes 1-2, 2-2 and 3-1 originally introduced in Rel. 8 for up to 4Tx but adapted to cover the new feedback framework (W function of W1 and W2)  and 8Tx. Those new reporting modes are discussed in the sequel. 
· Modes 2-0 and 3-0 if the UE is configured without PMI/RI reporting. Modes 2-0 and 3-0 are not affected by the new feedback framework (W function of W1 and W2) and therefore do not require any modification.

The proposed philosophy in the revision of Modes 1-2, 2-2 and 3-1 for Rel. 10 UEs is based on the design principle highlighted in the previous section.
Description of Reporting Modes 1-2, 3-1 and 2-2
For wideband feedback,
· Mode 1-2 description:
· For RI 
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· A single precoding matrix W1 is selected from the codebook C1 assuming transmission on set S subbands

· For each subband a preferred matrix W2 is selected from the codebook C2 assuming transmission, based on the precoder W, function of the selected W1 and W2, only over the selected subband
· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding precoding matrix W in each subband and transmission on set S subbands.
· The UE shall report the single selected precoding matrix W1 indicator.
· The UE shall report the selected matrix indicator W2 for each set S subband.
· For RI > 2
· For each subband a preferred precoding matrix is selected from the codebook subset C1 assuming transmission only in the subband
· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding precoding matrix in each subband and transmission on set S subbands.
· The UE shall report the selected matrix indicator for each set S subband.
· The reported PMI(s) and CQI values are calculated conditioned on the reported RI. 
For higher layer-configured subband feedback,
· Mode 3-1 description:

· A single precoding matrix is selected from the codebook C1 assuming transmission on set S subbands

· A UE shall report one subband CQI value per codeword for each set S subband which are calculated assuming the use of the single precoding matrix in all subbands and assuming transmission in the corresponding subband.

· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands

· The UE shall report the single selected precoding matrix indicator  

· The reported PMI and CQI values are calculated conditioned on the reported RI. 
For UE-selected subband feedback,

· Mode 2-2 description:
· For RI 
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· A single precoding matrix W1 is selected from the codebook C1 assuming transmission on set S subbands

· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix W1 in all subbands and transmission on set S subbands

· A UE shall also report the selected single precoding matrix W1 indicator for all set S subbands.

· The UE shall perform joint selection of the set of M preferred subbands of size k within the set of subbands S and a preferred single matrix W2 selected from the codebook C2 such that the precoder W, function of the selected W1 and W2, is the preferred precoder to be used for transmission over the M selected subbands. 

· The UE shall report one CQI value per codeword reflecting transmission only over the selected M preferred subbands and using the same selected single precoding matrix W in each of the M subbands.  

· The UE shall also report the selected single matrix W2 indicator preferred for the M selected subbands.
· For RI > 2
· A single precoding matrix is selected from the codebook C1 assuming transmission on set S subbands

· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands

· A UE shall also report the selected single precoding matrix indicator for all set S subbands.

· The UE shall perform joint selection of the set of M preferred subbands of size k within the set of subbands S and a preferred single matrix selected from the codebook C1 that is the preferred precoder to be used for transmission over the M selected subbands. 

· The UE shall report one CQI value per codeword reflecting transmission only over the selected M preferred subbands and using the same selected single precoding matrix in each of the M subbands.  

· The UE shall also report the selected single matrix indicator preferred for the M selected subbands.

· The reported PMI and CQI values are calculated conditioned on the reported RI. 
4 Periodic CQI/PMI/RI Reporting using PUCCH
For Rel. 10 UEs in Rel. 10 transmission modes, we define the following reporting modes in Table 4. It has to be noted that, in modes defined in Table 4, the number of transmit antennas can be 2, 4 or 8. 
Table 4: CQI and PMI Feedback Types for PUCCH Rel. 10 reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUCCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1
	NA

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1
	Mode 2-2

	
	(subband CQI)
	
	
	


Mode 2-2 is an extension of Mode 2-1 to multiple PMI report where a wideband PMI corresponding to W1 and a wideband CQI are reported in some subframe and a subband matrix indicator corresponding to W2 and a subband CQI assuming W=W2 W1 are reported in successive subframes.

Reporting Types

In Rel. 10, we propose to support five CQI/PMI and RI reporting types with distinct periods and offsets for each PUCCH reporting mode as given in Table 5: 
· Type 1 report supports CQI feedback for the UE selected sub-bands 
· Type 2 report supports wideband CQI and PMI feedback.
· Type 3 report supports RI feedback
· Type 4 report supports wideband CQI
· Type 5 report supports CQI and PMI feedback for the UE selected sub-bands
Type 2 report for wideband CQI/PMI should be extended to cover 8Tx procedure. A 4-bit per rank codebook is assumed for wideband PMI report in order to keep the payload size within 11 bits (as for 4Tx). 
Type 3 report should be extended as well to cover 8Tx antennas enabling transmissions of up to 8 layers and requiring a 3-bit feedback for RI.
Type 5 enables the report of a subband matrix W2 and a subband CQI. It is an extension of type 1 report to CQI and PMI feedback.
· A simple approach would be to operate Type 5 report with a 2-bit subband matrix indicator for W2 in order to keep the payload size of type 5 report within 11 bits. 
· In the 2Tx case, we may not expect significant performance enhancements from the new feedback framework. Type 5 report would therefore not be applied to 2Tx.
· We could restrict the use of PUCCH Report type 5 and reporting mode 2-2 to 4Tx and 8Tx and to RI=1 and 2 only. 
· Such restriction is motivated by the fact that MU-MIMO requires higher feedback accuracy and a UE reporting RI=1 or 2 would have chance to be scheduled in MU-MIMO while a UE reporting RI>2 would most probably be scheduled in SU-MIMO. In such case, Mode 2-2 would be used such that the subband PMI for RI > 2 doesn’t need to be reported. The payload size required to carry the subband PMI is 0 for RI > 2.
· The matrix W2 is reported conditionally on a report of a wideband precoding matrix W1. W2 and W1 are reported in different subframes. 
· Mode 2-2 follows last meeting agreement that 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).
· Such report would not be self-contained.
· A report is called self contained if it can be used on its own and doesn't have to rely on other separately reported information (i.e. without considering a history of feedback reports).
· On both the PUCCH and the PUSCH, RI and PMI are separately encoded. With periodic feedback, RI and PMI are reported on different PUCCH (i.e. at different subframes) while with aperiodic feedback, RI and PMI are reported on the same PUSCH (same subframe).
· The are 2 reasons to report RI and CQI/PMI separately:

· RI can rely on a longer reporting period. 

· The size of the CQI feedback is rank-dependent.
· Such separate encoding of RI and CQI/PMI has multiple consequences:

· If the eNB fails to get RI value, then it may fail to decode CQI/PMI because the payload sizes are different for each RI. Moreover, given that the selected recommended precoder is function of both the RI and the PMI values, a PMI cannot be used on its own without decoding RI information. Hence the report of the PMI/CQI in Rel. 8 is not self contained on both the PUCCH and the PUSCH. 

· Both PUSCH and PUCCH are subject to error propagation when it comes to RI/PMI report: if RI is wrongly decoded, the actual precoder in the codebook will be wrongly selected even if the PMI is correctly decoded. For PUSCH , there is no inter-subframe error propagation, while on PUCCH, there can inter-subframe error propagation.

To reduce the risk of wrong decoding of RI and error propagation, RI format has only 2bits and is therefore more reliable than PMI/CQI fields. In Rel. 10, a RI format of 3bits is necessary to cover 8Tx antennas.
· For the subband CQI on the PUCCH in format 1 as used in mode 2-1, the correct decoding of the subband CQI relies on the correct decoding of RI and the wideband PMI, both reported in previous subframes. If any of those 2 is wrongly decoded, the subband CQI cannot be used appropriately.
· The motivation for such approach is that the potential error propagation is mainly function of the reliability of the report of the wideband PMI and CQI. The report of the wideband PMI and CQI is the bottleneck of the system given that it requires 11 bits when RI is larger than 2. Given that it is supported in Rel. 8 in Mode 2-1, it is assumed that the robustness of such feedback is agreeable. If such report is not correctly decoded, a subband CQI cannot be used reliably given that it was computed based on the wideband PMI. 
· Mode 2-2 relies on the same principle. The subband matrix W2 and the corresponding subband CQI (computed based on the latest reported wideband PMI W1 and the selected W2) fundamentally relies on accurate decoding of RI and wideband PMI. The sensitivity of Mode 2-1 and 2-2 to error propagation is exactly the same for both modes as they both rely on RI and wideband PMI reports.
The PUCCH report type payload size per reporting mode would be as in Table 5.
Table 5: PUCCH Report Type Payload size per Reporting Mode
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

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



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

	1
	Sub-band

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

	
	
	RI > 1
	NA
	7+L
	NA
	4+L
	NA

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

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA
	8

	
	
	8 TX Antennas RI = 1
	8
	8
	NA
	NA
	8

	
	
	2 TX Antennas RI > 1
	8
	8
	NA
	NA
	8

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA
	11

	
	
	8 TX Antennas RI > 1
	11
	11
	NA
	NA
	11

	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
	4
	4
	NA

	5
	Sub-band CQI/subband PMI

	2 TX Antennas RI = 1
	NA
	NA
	NA
	NA
	NA

	
	
	4 TX Antennas RI = 1
	NA
	NA
	NA
	NA
	4+L+2

	
	
	8 TX Antennas RI = 1
	NA
	NA
	NA
	NA
	4+L+2

	
	
	2 TX Antennas RI = 2
	NA
	NA
	NA
	NA
	NA

	
	
	4 TX Antennas RI = 2
	NA
	NA
	NA
	NA
	7+L+2

	
	
	8 TX Antennas RI = 2
	NA
	NA
	NA
	NA
	7+L+2

	
	
	2 TX Antennas RI > 2
	NA
	NA
	NA
	NA
	NA

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

	
	
	8 TX Antennas RI > 2
	NA
	NA
	NA
	NA
	7+L


In Mode 2-2, the report type 5 requires the feedback of 4+L+2 bits when RI=1 and 7+L+2 bits when RI=2. L is already defined in TS 36.213 and refers to the number of bits required to report the best subband in the bandwidth part. 4 and 7 bits are respectively required to report the CQI(s) of one or two codewords, respectively. Given that L equals 1 or 2, the maximum payload size for type 5 in Mode 2-2 is 11 bits, which is the largest payload size supportable on the PUCCH using Rel. 8 specifications.
Note that in order to limit the difference with Rel. 8 specifications, it is proposed in Table 5 that the absolute subband CQI are reported (no differential CQI with respect to wideband CQI). Hence 7 bits are required for RI > 1, a first 4 bit for the subband CQI of the first codeword and a 3 bit differential CQI w.r.t the first codeword for the second codeword. In order to make mode 2-2 more robust (and even more robust than mode 2-1), we could further reduce the payload size by using a differential CQI w.r.t to wideband CQI. In such case, the payload size is decreased such that 4+L+2 can be replaced by 2+L+2 and 7+L+2 can be replaced by 4+L+2. Hence the payload size would become smaller than Mode 2-1 payload size and would therefore be more robust. Given that we reduce the payload size, we could slightly increase the payload size for the subband PMI. Performance benefits should be assessed.

Description of Reporting Modes 1-1, 2-1 and 2-2
Given the inclusion of 8Tx antennas in Rel. 10, modes requiring a PMI feedback need to be modified to cope with 8Tx antennas. In the following, modes 1-1 and 2-1 are described to stress the fact that the wideband PMI is selected in codebook C1.

Wideband feedback

· Mode 1-1 description:

· In the subframe where RI is reported (only for transmission mode 8 and Rel. 10 transmission modes):

· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI
· In the subframe where CQI/PMI is reported:
· A single precoding matrix is selected from the codebook C1 assuming transmission on set S subbands

· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of 

· A single wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands.

· The selected single precoding matrix indicator (wideband PMI)

· When RI>1, a 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2 in TS 36.213. 

· For Rel. 10 transmission modes, the PMI and CQI are calculated conditioned on the last reported periodic RI. 
UE Selected subband feedback, 
· Mode 2-1 description:

· In the subframe where RI is reported (only for transmission mode 8 and Rel. 10 transmission modes):
· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI.
· In the subframe where wideband CQI/PMI is reported:
· A single precoding matrix is selected from the codebook C1 assuming transmission on set S subbands.

· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of:

· A wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands. 

· The selected single precoding matrix indicator (wideband PMI).

· When RI>1, and additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 

· For Rel. 10 transmission modes, the PMI and CQI values are calculated conditioned on the last reported periodic RI. 

· In the subframe where CQI for the selected subbands is reported:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2 of TS 36.213.

· The UE shall report a type 1 report per bandwidth part on each respective successive reporting opportunity consisting of:

· CQI value for codeword 0 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label.

· When RI>1, an additional 3-bit subband spatial differential CQI value for codeword 1 offset level
· Codeword 1 offset level = subband CQI index for codeword 0 – subband CQI index for codeword 1.
· Assuming the use of the most recently reported single precoding matrix in all subbands and transmission on set S subbands. 
· The mapping from the 3-bit subband spatial differential CQI value to the offset level is shown in Table 7.2-2 of TS 36.213. 

· For Rel. 10 transmission modes, the subband selection and CQI values are calculated conditioned on the last reported periodic wideband PMI and RI. 

· Mode 2-2 description:

· In the subframe where RI is reported (only for transmission mode 8 and any additional Rel. 10 transmission mode):
· A UE shall determine a RI assuming transmission on set S subbands. The set S subband is defined in TS 36.213.
· The UE shall report a type 3 report consisting of one RI.
· In the subframe where wideband CQI/PMI is reported:
· A single precoding matrix W1 is selected from the codebook C1 assuming transmission on set S subbands. 
· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of:

· A wideband CQI value (for codeword 0) which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands. 

· The selected single precoding matrix W1 indicator (wideband PMI)
· When RI>1, and additional 3-bit wideband spatial differential CQI (for codeword 1), which is shown in Table 7.2-2 in TS 36.213. 

· For Rel. 10 transmission mode, the PMI and CQI values are calculated conditioned on the last reported periodic RI. 

· In the subframe where CQI/PMI for the selected subbands is reported:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2 in TS 36.213.

· A single matrix W2 is selected from the codebook C2 assuming transmission, based on the precoder W function of the selected W1 and W2, only over the selected subband of a bandwidth part determined in the previous step. 
· The UE shall report a type 5 report per bandwidth part on each respective successive reporting opportunity consisting of:

· CQI value for codeword 0 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label. L-bit label is defined in TS 36.213.
· The selected single matrix W2 indicator (subband PMI)
· When RI>1, an additional 3-bit subband spatial differential CQI value for codeword 1 offset level
· Codeword 1 offset level = subband CQI index for codeword 0 – subband CQI index for codeword 1.
· Assuming the use of the precoder W obtained as a function of the most recently reported single precoding matrix W1 and the selected single matrix W2 over the selected subband of a bandwidth part determined in the previous step. 
· The mapping from the 3-bit subband spatial differential CQI value to the offset level is shown in Table 7.2-2 in TS 36.213. 
· For Rel. 10 transmission mode, the subband selection and CQI values are calculated based on the precoder W that is conditioned on the last reported periodic wideband PMI W1 and the selected subband matrix W2 indicator and RI. 

In mode 2-2, the subband CQI and subband matrix indicator are always reported together. Here is an illustration of the reporting times. The variables should be understood as follows P=
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5 Conclusions
To support such feedback framework, new reporting modes are necessary. We propose the reporting modes for Rel. 10 UEs to be based on the following design principles:
· W1 (C1 is considered as a precoding matrix while W2 (C2 is a matrix, i.e. W1 (C1 can be reported and used on its own and a CQI can be computed assuming W1 (C1 is the recommended precoder while W2 (C2 cannot be used on its own and always relies on the report of W1 (C1.

· The feedback enhancement requiring the report of W1 (C1 and W2 (C2 would be applied to rank not larger than 2. For rank larger than 2, the recommended precoder is chosen in C1.
· For RI 
[image: image9.wmf]2
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, the precoding matrix W1 (C1 is reported whenever a wideband precoding matrix indicator is required (to reduce the feedback overhead or to report an appropriate precoder for a large RB assignment) and W2 (C2 is reported whenever a subband matrix indicator is required. For RI > 2, the precoding matrix is selected in C1.
· Whenever a reporting mode requires the report of a matrix indicator from C1 and not the report of a matrix indicator from C2, the final recommended precoder can be assumed as W = W1. In the proposed feedback framework, it would correspond to fix W2 to identity matrix. 
· A CQI is always computed based on the recommended precoder W, function of W1 (C1 and W2 (C2. 

· A wideband CQI is computed based on W if W2 (C2 is reported for all subbands, otherwise the wideband CQI is computed based on W1 (C1 only. 

· A subband CQI (computed over one subband or over a set of subbands) is computed based on W, function of the selected W1 (C1 and W2 (C2  over the subbands, whenever W2 (C2 is reported, otherwise the subband CQI is computed based on W1 (C1.
· The reporting mechanism follows Rel. 8 philosophy:

· Report of RI and CQI/PMI separately encoded as in Rel. 8. 

· On PUSCH, the wideband CQI/PMI, subband CQI/PMI and subband indication are jointly encoded. 

· On PUCCH, the wideband PMI/CQI and subband CQI/PMI are reported in different subframes.
· A mode 2-2 on the PUCCH is defined to enable the report of a subband matrix indicator (corresponding to W2 (C2) and a subband CQI whose computation assumes the use of the precoder W obtained as a function of the most recently reported single precoding matrix W1 and the selected single matrix W2 over the selected subband
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