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6.3.5 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

· CQI/Precoding reporting for MIMO

· CQI reporting on PUSCH for non-MIMO
R1-080049
Summary of email discussion on CQI reporting
Samsung
Conclusion from email discussion

1) 4-bit CQI table was agreed as in Table 1. 
Table 1: 4-bit CQI table

	CQI index
	modulation
	coding rate  1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


2) CQI bit length
· 4-bit wideband CQI (see Table 1)

· 2-bit subband differential CQI 

· 3-bit spatial differential CQI for zero and small delay CDD for MIMO support

· For the Node B configured subbands feedback on PUSCH,
· 2-bit subband differential CQI = subband CQI index - wideband CQI index
· exact offset levels: {-2, 0, +1, +2}

· For the UE selected report on PUSCH, 
· 2-bit differential CQI = best-M average index - wideband CQI index
· Exact offset levels: {+1, +2, +3, +4}
· 3-bit spatial differential CQI for zero/small delay CDD, 
· Spatial differential CQI = CW1 wideband CQI index – CW2 wideband CQI index
· the set of exact offset levels is {-4, -3, -2, -1, 0, +1, +2, +3}

· Treatment of edge effects concerning on differential CQI (Differential CQI = CQI_index_1 – CQI_index_2)
· FFS
3) UE-Selected Subbands Feedback on PUSCH
· Signaling of the selected subbands
· Combinatorial index r to indicate the selected subbands is calculated as 
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 is the extended binomial coefficient, resulting in unique label 
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· conclude that there is no need for introducing additional values of k for other system bandwidth values than 11 – 26 RBs
· Revisit (during this week or later e.g. via email discussion) the need for introducing k = 1 for system bandwidth of 11 – 26 RBs after the discussion on DL ICIC.
· Other values of k than 1 will not be discussed. 
· One company asked the linkage to the DL ICIC discussion.
· Conclude that there is no need for introducing configurability of M or other values of M than the ones currently defined. 
4) NodeB Configured Subbands Feedback on PUSCH
· No need for introducing additional k values for subband size unless required by the DL ICIC discussion.
· One company asked the linkage to the DL ICIC discussion. 
· Continue discussion on removal of k = 4 for 65 – 110 RBs. 
5) Frequency selective CQI on PUCCH
· In case of single TX and TxD, no need for introducing other reporting types than the wideband CQI and the frequency selective CQI
CQI for non-MIMO

Signalling of the best M subbands

R1-080182
Labelling of UE-selected subbands on PUSCH
Huawei
R1-080555
Labelling complexity of UE selected subbands on PUSCH
Huawei
Remaining details on set S

R1-080150
Configuration of set S 
Panasonic

Conclusion:

· Number of CQI report transmission formats supporting different number of the frequency selective CQI reports should be limited. 

· Define a set of possibilities for the number of subbands on which the subband CQI is reported

· Companies are encouraged to provide concrete proposals on the definition of set S in the next meeting. 

Discussion on definition of set S
· Possible number of subband CQI reports in case of Node B configured subbands feedback = {3, 7, 9, 14, 28} or {3, 7, 11, 14, 28}

· Node B configured subbands feedback

· S = System bandwidth
	System Bandwidth
	Subband Size
	# subband CQIs supported in CQI report transmission formats
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	6 - 7
	(wideband CQI only)
	0

	8 - 10
	4
	3

	11 - 26
	4
	7

	27 - 64
	6
	9, 11

	64 - 110
	4, 8
	28, 14


Aperiodic CQI report on PUSCH

R1-080363
CQI reporting on the PUSCH
Ericsson

Conclusion: 

· add additional 1-bit in the PUSCH grant to trigger aperiodic CQI report on PUSCH. 

· Semi-static configuration of the CQI reporting types used for the aperiodic CQI report

· Define no additional CQI reporting types other than the ones currently defined 

· Possible to request the aperiodic CQI only on PUSCH with no UL-SCH (transport channel) transmitted on PUSCH

· Details on the related control signalling FFS

Frequency-selective CQI report on PUCCH

R1-080104
CQI Feedback Schemes for PUCCH with Performance Comparison
Motorola
R1-080149
Frequency-selective CQI on PUCCH 
Panasonic

R1-080209
Frequency-Selective CQI Reporting on PUCCH 
Texas Instruments

R1-080249
On CQI Reporting in E-UTRA
NTT DoCoMo

R1-080275
On the comparison of frequency selective CQI schemes in PUCCH: Best-M vs. Cyclic
LG Electronics

R1-080404
Performance evaluation of frequency-selective CQI schemes for periodic PUCCH reporting in EUTRA
InterDigital Communications LLC
R1-080526
(R1-080484)
Qualcomm
Conclusion:
Continue discussion for choosing either of scheme 1 or scheme 2

R1-080583
Frequency-selective CQI report on PUCCH for Single Tx and TxD
Motorola, Freescale, LGE, Qualcomm, Samsung, Panasonic, NTT DoCoMo
R1-080582
Frequency-selective CQI report on PUCCH for SU-MIMO
Motorola, Freescale, Qualcomm, Panasonic, NTT DoCoMo
Discussions:

· N = number of subbands in a bandwidth part

· Single M values for system BW of 27 – 64 RBs and 65 – 110 RBs to be selected until the next meeting

· Among 1 or 2?

· Among 1 or 2 or 3?

· Details of signalling the selected subband to be finalized until the next meeting. 
· Expected number of bits per subframe should be 9 at most.  
· Remove k = 4 for 65 – 110 RBs? 

· Similar structure for both single Tx/TxD and MIMO? 
· Rely on Best-M average & use two consecutive subframes for MIMO case

· Cycling of subbands

Conclusion: continue discussion on the proposals of Tdoc 583 and Tdoc 582 over the email reflector.
Miscellaneous
R1-080110
Proposal of VoIP capacity Improvement by optimization CQI in PUCCH
SHARP

R1-080106
PDCCH Performance vs WB CQI reporting rate
Motorola

R1-080207
CQI Reporting Procedure for E-UTRA 
Texas Instruments, Panasonic, Mitsubishi Electric, Sharp, Philips 
R1-080362
CQI Measurement Methodology
Ericsson

R1-080385
On CQI table for LTE
Nortel

CQI/PMI/rank for SU-MIMO
R1-080536
CQI and PMI feedback on PUSCH for multi-codewords and precoding
Ericsson, Nokia, Nokia Siemens Networks, Huawei, Texas Instruments
Conclusion for the simultaneous reporting of CQI (calculated after precoding) & PMI on PUSCH:

	
	PMI
	

	
	Single
	Multiple 

	CQI
	Wideband 
	Mode 1-1 (PMI calculated over the set S)
	FFS Mode 1-2 (a PMI calculated over each subband with same subband size as defined for Mode 3-2)

	
	UE selected (Best-M)
	FFS Mode 2-1 (PMI calculated over the selected best M subbands)
	FFS Mode 2-2 (limited to the proposal of R1-080549)

	
	Node B configured
	Mode 3-1 (PMI calculated over the set S)
	Mode 3-2 (a PMI calculated over each subband)


Table 1 Extension of agreed single codeword CQI reporting 

modes to rank-1 PMI reporting. 

Note: 
For “UE selected” case, decide on whether either one of Mode 2-1 or Mode 2-2 or both to be defined in the next meeting. 
Spatial CQI feedback compression
R1-080050
Further considerations on MIMO CQI
Samsung

R1-080208
Differential CQI Definition for E-UTRA 
Texas Instruments

R1-080212
Limitations of CQI Compression for Dual Codeword MIMO
Alcatel-Lucent

R1-080274
On the delta CQI in freq and space domain
LG Electronics

R1-080278
Comparison of MIMO CQI compression schemes
Marvell

R1-080495
Performance comparison of 4-bit vs. 5-bit CQI reports
Qualcomm Europe

PMI feedback compression

R1-080053
SU-MIMO PMI feedback and Compression 
Samsung

R1-080549
R1-080276
Investigation on Tradeoff between PMI overhead and performance 
LG Electronics

R1-080499
Compression of MIMO Precoding Information for E-UTRA
Icera Semiconductor
Feedback rate of CQI, PMI, rank

R1-080111
CQI, PMI, and rank report feedback interval
SHARP

R1-080151
Rank feedback consideration 
Panasonic

R1-080203
CQI, PMI, and Rank Reports for E-UTRA 
Texas Instruments

R1-080204
Rank and PMI Feedback Rate – Analysis
Texas Instruments

R1-080205
CQI/PMI Feedback Rate – System Simulation
Texas Instruments

R1-080206
Rank Feedback Rate – System Simulation
Texas Instruments

R1-080492
Details on CQI format 
Qualcomm Europe

Frequency selectivity of PMI and CQI

R1-080105
Joint feedback for E-UTRA downlink precoding and CQI
Motorola

Miscellaneous

R1-080112
Persistent CQI/PMI/rank reporting on PUCCH/PUSCH
SHARP

CQI for MU-MIMO

R1-080054
CQI Reporting for MU-MIMO
Samsung

R1-080152
Further signalling consideration for MU-MIMO 
Panasonic

R1-080334
Channel Quality Indicator for LTE MU-MIMO
Nokia, Nokia Siemens Networks

R1-080335
Effect of Precoding Granularity on LTE Multiuser MIMO
Nokia, Nokia Siemens Networks

R1-080458
CQI definition for MU-MIMO
Philips, NXP
Further discussion on MIMO
R1-070578
R1-080569
Further Details of Zero/Small Delay CDD for E-UTRA
Samsung

Conclusion:

The following further details agreed for zero/small delay CDD
· PMI-feedback is used for channel dependent codebook based precoding.
· Codebook based channel dependent precoding is used for all applicable transmission ranks r
· Dynamic rank adaptation between all applicable transmission ranks is performed
· Note this does not imply that rank is reported at the same rate as CQI/PMI
R1-080579
R1-080570
Further Details of Large Delay CDD for E-UTRA
AT&T, Alcatel-Lucent, ASUSTec, CMCC, Comsys, Ericsson, ETRI, Freescale, Huawei, I2R, Icera, ITRI, Marvell, Mitsubishi, Motorola, NEC, Nokia, Nokia-Siemens-Networks, Nortel, NTT DoCoMo, Panasonic, Philips, Samsung, Sunplus mMobile, Texas Instruments, Vodafone, ZTE (27 companies)
R1-080554
System-level gain of SIC over LMMSE for high Doppler
Qualcomm
Proposed conclusion:

· Agree on the proposal of Tdoc 579 (co-sourced by 27 companies) as the working assumption to be captured into specs. 
· Qualcomm proposal as below can be considered, if there is enough support. 
Qualcomm proposal: add the followings to the proposal of Tdoc 579. 

· Allow PMI feedback for the large delay CDD mode operation in the same way as for zero/small delay CDD.
· Further details are open. 

· Allow the UE to decide which value of x to be used among x = 0 and x = 3.
Note:

· The proposed conclusion was objected by one company based on their analysis results in Tdoc 554 and as they think that not the single evaluation has been shown for the proposal of Tdoc 579. 
· They think the proposal of Tdoc 579 should be evaluated with the same simulation assumptions as commented concerning on Tdoc 554. 

· The results of Tdoc 554 were not found sufficiently convincing by other companies. 
· The other companies questioned the accuracy of the results of Tdoc 554. Questions raised are listed below: 

· Why does the SIC gain increase with speed?

· Number of HARQ processes should be 8 instead of 6.

· Modeling of CQI measurement error is not clear.

· The 4-bit CQI table as agreed is not used.
· Errors in CQI reception are not modelled. 
· Full buffer traffic assumption is also an idealization, which is not sufficient to insist the Qualcomm proposal is optimal. 

· Channel model is not the one that has been usually used.

· Synchronous HARQ is simulated, while asynchronous HARQ is the working assumption.

· Gain shown for the MMSE-SIC with no delta CQI compared with MMSE in Table 3 is smaller than expected. 

· Implementation loss for different receivers?

Way forward from the AH session:
· Discuss Qualcomm contribution (589) about the way forward in RAN WG1 main session.

· Ask guidance from RAN WG1 main session.
SU-MIMO without PMI feedback & TxD
R1-080016
Further results on rank-2 open-loop transmission in DL
Infineon Technologies
R1-080051
Multiple Antenna Transmission for High Mobility UE 
Samsung, LGE, Nortel, AT&T
R1-080052
Open loop SM for high-speed UEs
Samsung

R1-080250
Views on Open-loop MIMO Mode in E-UTRA Downlink
NTT DoCoMo, Sharp
R1-080382
On the need of the rank adaptation for high speed UE
Nortel

R1-080383
System level simulation of adaptive MIMO for high speed UE
Nortel

R1-080384
Performance evaluation of CL MIMO performance under different UE speed
Nortel

R1-080386
Wayforward on rank adaptation for high mobility UE
Nortel

R1-080496
Link Analysis of Open Loop SM for High Mobility UE
Qualcomm Europe

R1-080507
(R1-080386) Wayforward on rank adaptation for high mobility UE
Nortel
MU-MIMO
R1-080251
Investigation on Throughput Performance of MU-MIMO in E-UTRA Downlink
NTT DoCoMo

R1-080333
Number of spatially multiplexed users for LTE DL MU-MIMO 
Nokia, Nokia Siemens Networks

R1-080457
Codebook for MU-MIMO
Philips, NXP

TDD aspects
R1-080493
Feedback needed in support of TDD precoding
Qualcomm Europe

R1-080494
Calibration procedures for TDD beamforming
Qualcomm Europe
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