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6.3.4 UE Procedures for downlink shared channel

Remaining details on UE Procedures for CQI reporting and extension to MIMO feedback reporting.

Focus on: 

· Remaining details on CQI reporting for non-MIMO

· Remaining details on CQI/Precoding reporting for MIMO

· CQI reporting on PUSCH
R1-080691
Summary of email discussion on CQI reporting
Samsung
Agreements from the outcome of email discussion

CQI reporting modes
· Remove the wideband CQI-only option for both periodic and aperiodic PUSCH-based reporting.
· Aperiodic report on PUSCH can always be triggered by the Node B using the 1-bit in the uplink grant (as agreed in Sevilla and hence clarification of the decision of the previous meeting)
· If the periodic CQI reporting is turned on, each UE shall be configured when the periodic CQI reporting is sent to the Node B.

· It is possible to turn off the periodic CQI reporting completely. 

· Periodic wideband-CQI-only report on PUCCH as an option
· For aperiodic frequency-selective CQI report on PUSCH, keep both higher layer-configured subband feedback and UE-selected subband feedback.
· For periodic frequency-selective CQI report on PUSCH, keep both higher layer-configured subband feedback and UE-selected subband feedback. 

Rank
· Rank indicates how to decode CQI/PMI (before next new rank is available), where rank and CQI/PMI may or may not be reported in the same subframe. 
· Doesn’t preclude the possibility of joint encoding of rank and CQI/PMI on PUCCH in the same subframe
· Preliminary list of possible options:
· Periodic reporting of rank, CQI/PMI on PUCCH, where rank and CQI/PMI 
1. Have different reporting periods (same reporting period is not possible); or
2. Different reporting periods and same reporting period are supported
· Periodic reporting of rank on PUCCH, CQI/PMI on PUSCH, where rank and CQI/PMI have different reporting periods
· Periodic reporting of rank and CQI/PMI together on PUSCH
· Aperiodic reporting of rank, CQI/PMI on PUSCH, where rank is separately encoded from CQI/PMI and the rank indicates how to decode CQI/PMI. 
· Rank is reported periodically and is used for CQI/PMI reporting on both PUCCH and PUSCH
· Is there a case(s) that it is beneficial for the Node B to configure the UE with the rank that is assumed for generating CQI/PMI?

· Come back later after developing further details on the rank report
R1-081116
Further Refinements on Rank Reporting
Samsung, Texas Instruments, Ericsson, Nortel, Motorola, Panasonic, Philips, NTT DoCoMo
Further refinements on rank reporting:

For closed loop spatial multiplexing:
· Aperiodic PUSCH report:

· Aperiodic reporting of rank information (RI) and CQI/PMI on PUSCH, where RI and CQI/PMI are always reported in the same subframe. The CQI/PMI is calculated assuming the simultaneously reported rank.
· Periodic PUSCH report
· Periodic reporting of RI and CQI/PMI on PUSCH, where RI and CQI/PMI are always reported in the same subframe, and hence reported with the same periodicity. The CQI/PMI is calculated assuming the simultaneously reported rank.
· Periodic wideband PUCCH report (combination of PUCCH and PUSCH is not the scope of the decision)
· Multiplexing of RI and wideband CQI/PMI on PUCCH -> Alt1 below agreed. Revisit the decision if problems are found.
· Alt1: 
· Agree on the proposal of R1-081116 with the addition of allowing different offsets between RI and CQI/PMI while keeping the period of RI is an integer multiple (including M = 1) of CQI/PMI period. 
· In case of collision between the rank and the wideband CQI/PMI, drop the wideband CQI/PMI.
· Alt2: 
· Possible to configure {period, offset} independently for rank and wideband CQI/PMI

· In case of collision between the rank and the wideband CQI/PMI, drop the wideband CQI/PMI.
· The most recently transmitted RI on the PUCCH is used by the UE to calculate the wideband CQI/PMI reported on the configured resource on PUCCH.
· The following PUCCH formats are used:

· Format 2 is used when CQI/PMI or RI report is not multiplexed with ACK/NAK 
· Format 2a/2b is used when CQI/PMI or RI report is multiplexed with ACK/NAK for short CP
· Format 2 is used when CQI/PMI or RI report is multiplexed with ACK/NAK for long CP
· The payload size for different scenarios are given in the following tables:

Table 1. Payload size in bits for wideband CQI/PMI with closed-loop spatial multiplexing (PUCCH)
	Field
	2-Tx 
	4-Tx 

	
	Rank=1
	Rank=2
	Rank=1
	Rank>1

	Wideband CQI
	4
	7 (4 + 3)
	4
	7 (4 + 3)

	Wideband PMI
	[2 or 3]
	[1 or 2]
	4
	4


Table 2. Payload size in bits for RI with closed-loop spatial multiplexing (PUCCH)
	Field
	2-Tx
	4-Tx & maximum 2 layers
	4-Tx & maximum 4 layers

	RI
	1
	1
	2


· Periodic frequency-selective PUCCH report
· Similar technique may be used for frequency-selective CQI/PMI and RI reports on PUCCH. Details on the relation between wideband CQI/PMI,  frequency-selective CQI/PMI reports and RI need to be determined if the reporting scheme for frequency-selective CQI/PMI reports for SU-MIMO is agreed upon.
For open loop spatial multiplexing:
The above refinements are also applicable for open-loop spatial multiplexing with the following exception:

· No PMI is reported

· The payload size for different scenarios for PUCCH are given in the following tables:

Table 3. Payload size in bits for wideband CQI/PMI with open-loop spatial multiplexing (PUCCH)
	Field
	2-Tx 
	4-Tx 

	
	Rank=1
	Rank=2
	Rank=1
	Rank>1

	Wideband CQI
	4
	4
	4
	4

	Wideband PMI
	-
	-
	-
	-


Table 4. Payload size in bits for RI with open-loop spatial multiplexing (PUCCH)
	Field
	2-Tx
	4-Tx & maximum 2 layers
	4-Tx & maximum 4 layers

	RI
	1
	1
	2


Assumptions for closed loop: 
In addition, in designing the necessary channel coding schemes for the above reporting, the coverage of  reporting of CQI and PMI for rank-1 should not be significantly compromised in order to accommodate the case of higher rank reporting.  

CQI – PMI combinations on PUSCH for SU-MIMO
Supported CQI-PMI combinations for all rank values
	
	PMI

	
	Single
	Multiple 

	CQI
	Wideband 
	Not supported
	Mode 1-2: subband PMI (calculated over each sub-band with same sub-band size as defined for Mode 3-2), wideband CQI (calculated applying the subband PMI for each subband)

	
	UE selected (Best-M)
	Mode 2-1: one best-M CQI (calculated over the best-M subbands assuming the wideband PMI), one wideband CQI (calculated applying the wideband PMI), wideband PMI
	Mode 2-2: best-M PMI (calculated over the selected best-M sub-bands), wideband PMI, best-M CQI (calculated over the best-M subbands assuming the best-M PMI), wideband CQI (calculated applying the wideband PMI)

	
	Node B configured
	Mode 3-1: wideband PMI, subband CQI (calculated by applying wideband PMI for each subband), wideband CQI (calculated by applying wideband PMI) 
	Mode 3-2: subband PMI (calculated over each sub-band), subband CQI (calculated by applying subband PMI for each subband), wideband CQI (calculated by applying the subband PMI for each subband)


CQI – PMI combination on PUCCH
· “wideband CQI + wideband PMI only” on PUCCH as an option

R1-081111
Further Refinements on CQI Reporting on PUSCH
Texas Instruments, Ericsson, Nortel, Philips, LG Electronics, Nokia Siemens Networks, Nokia, Samsung, Huawei, Mitsubishi Electric, NEC, Sharp
Further refinements on CQI reporting mode 1-2, 2-1, 2-2, 3-1, 3-2 on PUSCH for closed-loop spatial multiplexing
· when the reported rank is >1
· 4-bit Wideband CQI for CW1
· 4-bit Wideband CQI for CW2

· Frequency-selective differential CQI (2-bit for a single differential value) for each CW is computed w.r.t. the wideband CQI for each corresponding CW. 

1. Use the same set of differential CQI values as the one for rank-1 case currently defined in 36.213. 

· For the higher-layer configured sub-band feedback, do not support the sub-band size of k=4 for
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· Table of the number of bits for each number of subbands to be provided, assuming the entire system BW. 
CQI for non-MIMO

CQI reporting mode configurations

R1-080695
CQI report format
Samsung

R1-080711
CQI Reporting Procedure for E-UTRA 
Texas Instruments

R1-080755
CQI modes for E-UTRA
Motorola

R1-080988
Configuration of CQI reports 
Panasonic -> withdrawn
Frequency-selective CQI report on PUCCH

R1-080753
Frequency-selective CQI report on PUCCH for Single Tx and TxD
Motorola, Freescale, Samsung, Panasonic, NTT DoCoMo, Texas Instruments 
Conclusion:
Agree the followings as the working assumption for single antenna and TxD, revisit the conclusion if problems are found in MIMO case.
· Supported subband size(s) as a function of system bandwidths as given in Table 1.

· For the frequency-selective CQI on PUCCH, a CQI report in a certain subframe describes the channel quality in a particular bandwidth part

· A bandwidth part is frequency-consecutive and an integer multiple of the subband size

· The number of bandwidth parts BP is defined according to Table 1

· The resulting number of subbands per bandwidth parts is denoted by N in Table 1

· Which bandwidth part to use varies deterministically from one CQI report subframe to another covering the entire S after a finite period

· The CQI reported in the current bandwidth part corresponds to

· An index field to indicate the selected subband within the bandwidth part using 1-5 bits

· M is defined according to Table 1

· Details of signalling the selected subband are FFS

· May be aligned to the signalling for UE-selected subbands feedback on PUSCH

· A value field to indicate the best-M average CQI value to be reported for the selected subbands using 4 bit

· The treatment of edge effects needs to be aligned with how the RB assignment for the group based approach handles edge effects.

· The frequency-selective CQI report on PUCCH is accompanied with a wideband CQI report on PUCCH.

· The periodicity parameters (reporting interval and/or offset) of the frequency-selective and wideband reports are set to be different to avoid sending the two reports in the same sub-frame.
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Figure 1. Example for reporting for M=1 
Table 1: Proposed parameters for single Tx/TxD frequency-selective PUCCH CQI reports.

	System BW [RBs]
	Group size [RBs]
	Subband size k [RBs]
	Number of bandwidth parts (BP)
	Number of Best reported subbands (M) out of (N)
	No. label bits for each bandwidth part (combinatorial)
	Total no. CQI bits per frequency-selective PUCCH report 

	6 – 7
	1
	-(wideband CQI only)
	N/A
	N/A
	N/A
	N/A

	8 – 10
	1
	4
	1
	M=1
2 <= N <= 3
	1 or 2
	5 or 6

	11 – 26
	2
	4
	2
	M=1
2 <= N <= 4
	1 or 2
	5 or 6

	
	
	
	
	
	
	

	27 – 64
	3
	6
	3
	M=1 
2 <= N <= 4
	1 or 2
	5 or 6 

	65 – 110
	4
	8
	4
	M=1
3 <= N <= 4
	2 
	6 


R1-080657
System analysis comparing best-M and cycling CQI report mechanisms
Qualcomm Europe

R1-080951
Frequency selective CQI reporting on PUCCH
Nokia Siemens Networks, Nokia

R1-080987
Frequency-selective CQI on PUCCH 
Panasonic -> withdrawn
Remaining details on set S
R1-080986
Effect of set S on CQI reports
Panasonic

Miscellaneous

R1-080763
VoIP capacity Improvement by optimization CQI in PUCCH
SHARP

R1-080887
CQI Measurement Methodology
Ericsson

UE behaviour for CQI reporting:
· Description in HSDPA. Example taken from 25.214 v7.5.0 section 6A.2.1:
Based on an unrestricted observation interval, the UE shall report the highest tabulated CQI value for which a single HS-DSCH sub-frame formatted with the transport block size, number of HS-PDSCH codes and modulation corresponding to the reported or lower CQI value could be received in a 3-slot reference period ending 1 slot before the start of the first slot in which the reported CQI value is transmitted and for which the transport block error probability would not exceed 0.1.  Depending on the UE category as defined in [10], either Table 7A, 7B, 7C, 7D, 7E, 7F or 7G should be used.
· Agreed to develop description (refer to the yellow part above) about the reference point in time & frequency, where BLER not exceeding 10% could be achieved if the Node B would have transmitted the PDSCH with the same TF as the one suggested by the CQI report. 
· Editor of TS 36.213 to provide the text in the next version of the CR. 

For further discussion on how the UE should measure the CQI
· What features need to be added to support interference estimation by the UE? 

· Different time & frequency windows for measuring the channel and the interference?

· Define a (set of) parameter(s) to enable the interference averaging inside the UE?
· Define different reference points for channel and interference estimation? 
· Others… 
· Define the corresponding CQI measurement window in time?

· Define the corresponding CQI measurement window frequency?

· Simulation results on the aspects listed above are invited. 

CQI/PMI/rank for SU-MIMO
Rank feedback

R1-080656
Bitwidths for CQI reporting on PUCCH for MIMO support
Qualcomm Europe

R1-080712
CQI, PMI, and Rank Reports for E-UTRA 
Texas Instruments

R1-080714
Rank and PMI Feedback Rate – Analysis
Texas Instruments

R1-080715
Rank Feedback Rate – System Simulation
Texas Instruments

R1-080716
CQI/PMI Feedback Rate – System Simulation
Texas Instruments

R1-080764
CQI, PMI, and rank report feedback interval
SHARP

R1-080765
Persistent CQI/PMI/rank reporting on PUCCH/PUSCH
SHARP

R1-080952
Rank reporting on PUCCH
Nokia Siemens Networks, Nokia

R1-080989
Rank feedback in downlink MIMO 
Panasonic

R1-081011
On the reliable RI transmission on PUCCH 
LG Electronics

R1-081023
Set S - Rank Estimation Perspective
NEC Group
MIMO CQI

R1-080692
Further considerations on MIMO CQI
Samsung

R1-080698
Edge treatment for MIMO CQI compression
Marvell
R1-080754
Frequency-selective CQI report on PUCCH for SU-MIMO
Motorola, Freescale, Samsung, Panasonic, Texas Instruments
Conclusion:

· Agree on Option 2 of 754 with refinement (if needed) to be in line with the decisions on rank and CQI/PMI reports.

· FFS revert back to Option 1 if there is no coverage issue with option 1. 

R1-080962
Limitations of CQI Compression for Dual Codeword MIMO
Alcatel-Lucent

PMI

R1-080693
SU-MIMO PMI feedback and Compression 
Samsung

R1-080713
CQI and PMI Report Combinations on PUSCH
Texas Instruments

R1-080756
Performance of CQI/PMI schemes for PUCCH
Motorola

R1-080864
Performance of PMI Compression Schemes for E-UTRA
Icera Semiconductor

R1-080968
CQI and PMI feedback on PUSCH for rank-1 precoding
Huawei

R1-081012
Performance comparison between UE-selected CQI/PMI reporting schemes on PUSCH
LG Electronics

TDD aspects

R1-080658
Feedback needed in support of TDD precoding
Qualcomm Europe

R1-080659
Calibration procedures for TDD beamforming
Qualcomm Europe
CQI for MU-MIMO

R1-080694
CQI Reporting for MU-MIMO
Samsung

R1-080827
Codebook for MU-MIMO
Philips

R1-080828
CQI definition for MU-MIMO
Philips

R1-080954
Channel Quality Indicator for LTE MU-MIMO
Nokia, Nokia Siemens Networks

R1-080955
Effect of Precoding Granularity on LTE Multiuser MIMO
Nokia, Nokia Siemens Networks
MU-MIMO

R1-080953
Number of spatially multiplexed users for LTE DL MU-MIMO 
Nokia, Nokia Siemens Networks

R1-080969
Signaling of MU-MIMO precoding vector
Huawei

R1-081040
 Investigation on MU-MIMO in E-UTRA Downlink
NTT DoCoMo
Others

R1-080885
System Level Evaluation of Closed-Loop Large Delay CDD
Ericsson

R1-080886
Signaling Requirements for 2 Tx Precoding
Ericsson
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