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Time plan for AH session on AI 6.4.5
11am – 8:25pm on Monday in Halla1/2
9am – 12:30pm on Tuesday in Halla3 (RAN1 breakout room)
8am – 10:30am on Thursday in Halla1/2
6.4.5 UE Procedures for downlink shared channel

Remaining details on UE Procedures for CQI reporting and extension to MIMO feedback reporting (CQI/PMI/Rank Reporting), UE Procedures related to TX diversity.
R1-074797
Summary of email discussion on CQI reporting
Samsung
UE procedure for calculating the CQI - conclusion
· UE reports a transport format if 10 % BLER can be achieved after the first transmission when the Node B schedules with the reported transport format over a set of PRBs, for which the CQI report applies.

· The set of PRBs for which the CQI report applies depends on the CQI reporting mode configured.  

· Specify that UE assumes:

· 3 OFDM symbols for control signaling 
· No P/S-SCH

· No P-BCH

· For the other parameters that would affect the CQI calculation, the Node B should know what the UE assumes in CQI calculation. 

· RAN1 specifies that the UE follows the Node B configuration on the CP length, the number of RSs (only in terms of the number of data REs), MIMO mode (TxD or spatial multiplexing), nominal data EPRE offset w.r.t. RS EPRE from which the actual data EPRE is derived.

· Other parameters are FFS. 

CQI table construction - conclusion
· CQI index is defined in terms of {channel coding rate, MS (QPSK, 16QAM, 64QAM)}
· Following assumptions are used but will not be specified in RAN1 specs.

· 3 OFDM symbols for control signaling 

· No P/S-SCH

· No P-BCH

· A reference PRB size(s). One possibility just for illustration is 

· N1 (>= N2) = 4 PRBs for low MCSs

· N2 = 4 PRBs for high MCSs

· RS pattern for 1 TX antenna

· Short CP

Details of CQI table - conclusion
· CQI table structure

	Index
	MS
	Channel coding rate
	…

	0
	Out of range
	Out of range
	

	1
	QPSK
	
	

	(
	
	
	

	31
	64QAM
	
	


· AWGN channel is assumed for generating the CQI table

· Selection of exact set of MCS tables should take into account the discussion on the upper limit of the channel coding rate. 

· 32-entry CQI table with approximately equal step size in equivalent SINR, potentially except for the switching points in the CQI table introduced to cover the frequency selectivity 
· Step size will be 1 dB if Alt2 below is agreed and 32dB dynamic range is agreed. 

· Proposal on the detailed CQI table proposal 

· to be submitted until end of November

· try to agree on the CQI table until December 14th. If not, continue the discussion in the next meeting.
Points for further discussion regarding the CQI table design

· Have an upper limit (exact value is FFS) on channel coding rate, e.g. 0.6 or 0.7, above which the MS should change to the higher order e.g. QPSK -> 16QAM, 16QAM -> 64QAM.

· Will need to look at simulation results.

· >1 dB step size for high SNR corresponding to 64QAM and MIMO
· If adopted, it is FFS whether to use a subset of 32-entry CQI table with potentially different CQI signalling format. 

· Treatment of the frequency selectivity – choose one of the two alternatives below in the next meeting
· Alt1: A spectrum efficiency value corresponds to one [or two] indices

· Allow for the UE to choose different {MS, channel coding rate} depending on the channel frequency selectivity
· Alt2: Assume only the frequency-selective channel

· A spectrum efficiency value corresponds to one CQI index and there is only one table. 

Aperiodic CQI reporting triggered by the Node B – conclusion
· Alternatives

· Alt1: use 1 extra bit

· Alt2: embed the request into some codewords of the uplink grant signalling
· Continue discussion

R1-074694
Differential CQI Feedback for E-UTRA
Texas Instruments
=> conclusion 

· Agreements on the differential CQI feedback sent on PUSCH below are captured as a part of conclusion for Single Tx and TxD from discussion on R1-075064
· calculate the differential value between the CQI of each subband and the condensed CQI obtained over the set S (see above)

· Other approaches for defining the reference value FFS

· bit length of each differential value: 3 bits 

· Continue discussion on the details about how to define/calculate/represent the difference. 
R1-074705
Performance evaluation of differential compression schemes for aperiodic CQI reporting in EUTRA
InterDigital Communications LLC
Haar transform-based compression scheme is proposed in this contribution. 
R1-074611
CQI Feedback Schemes for E-UTRA
Motorola
Continue discussion the CQI/PMI feedback sent on PUCCH. 
R1-075064
Proposal for Refinements on Frequency-Selective CQI for Single Tx and TxD
Ericsson, Nokia, Nokia Siemens Network, Texas Instruments, Huawei, AT&T, NTT DoCoMo, Fujitsu, LG, Sharp, Panasonic, Mitsubishi, Qualcomm, Motorola, Freescale Semiconductor Inc, Samsung, NEC
Conclusion for Single Tx and TxD from discussion on R1-075064

Definitions

· Unless explicitly stated otherwise, the set of subbands S, semi-statically configured by higher layers, is used for all CQI related UE operations
· The term “wideband CQI” denotes the 5-bits CQI value obtained over the set S
· k value denoting the subband size should be an integer multiple of the group size for the resource allocation
· k = 1 and other values FFS
Wideband Feedback on PUSCH

· One wideband CQI is reported.

UE-Selected Subbands Feedback on PUSCH

· Subband selection procedure:

· UE uses an M value configured by NodeB, in case multiple M values are possible
· UE selects M subbands over which CQI value 2 is obtained (see below for the CQI values reported)
· Conceptual UE internal procedure below will not be specified
· Conceptually, the UE computes one CQI for each of all the subbands over the set S.

· The selected subbands correspond to the M subbands with the highest CQI value(s)
· Two CQI values are reported

· CQI value 1: Wideband CQI

· CQI value 2: single CQI for selected subbands encoded differentially using 3 bits relative to CQI value 1.

· Subband selection signalled using 
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· N: Number of subbands covering the entire system bandwidth

· It is FFS exactly how many different report sizes we will have to support

· Supported subband sizes and M values as a function of system bandwidths include those given in Table 1.

· Possibility of other M values and specifying multiple M values for each range of the system bandwidth not precluded

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

Table 1: Supported parameters for UE-selected subbands feedback (other values not precluded).

	System bandwidth [RBs]
	Group size [RBs]
	Subband size k [RBs]
	M

	6 – 7
	1
	-

(wideband CQI only)
	-

(wideband CQI only)

	8 – 10
	1
	2
	1

	11 – 26
	2
	2
	3

	27 – 64
	3
	3
	5

	65 – 110
	4
	4
	6


NodeB Configured Subbands Feedback on PUSCH

· CQI encoding 

· Wideband CQI

· Each subband CQI is encoded differentially with respect to wideband CQI using 3 bits

· Supported subband sizes as a function of system bandwidths include those given in Table 2.

· The treatment of edge effects needs to be aligned with how the RB assignment for the group based approach handles edge effects.
Table 2: Supported parameters for NodeB configured subbands (other values not precluded).

	System bandwidth [RBs]
	Group size [RBs]
	Subband size k [RBs]

	6 – 7
	1
	-

(wideband CQI only)

	8 – 10
	1
	4

	11 – 26
	2
	4

	27 – 64
	3
	6

	65 – 110
	4
	4, 8


Wideband Feedback on PUCCH

· One wideband CQI is reported.

Frequency-selective CQI report on PUCCH

· One PUCCH subframe should be self decodable and useful to NodeB

· A CQI report in a certain subframe does hence not exploit time or frequency correlations with respect to previous CQI reports

· The reporting of CQI on PUCCH can be higher layer configured by NodeB using the following periodicity parameters
· N_p : Periodicity for the subframe pattern allocated for the CQI report (in terms of number of subframes)

· Minimum reporting interval is either x = 1 or 2 subframes.

· Which x value is FFS

· N_o : Subframe offset 

· If x = 1, the CQI reporting burst is constructed using the parameter N_p , N_o, N_b (N_b >= 1) 
· If x = 1, N_b is the number of consecutive subframes in the CQI reporting burst.  

[image: image2.emf]CQI CQI

Periodicity N_p

CQI burst length N_b

Subframe offset N_o


Figure 1: Periodicity parameters. Illustration shows reporting mechanism if  x = 1 is possible.

· FFS on details for x = 2. A possibility is: If x = 2, the CQI reporting burst starts with a subframe transmitting a CQI and then alternates between a subframe not allocated for this particular CQI report and a subframe transmitting a CQI containing this particular CQI report. The parameter hence denotes the number of CQI reports in the reporting burst. The reporting burst ends with the subframe of the last CQI report. 
· This mode of operation will be discarded if x = 1 is agreed.
· NodeB can, using higher layer signaling, configure UE to report several different CQI report types with different periodicity parameters. This includes

· Wideband CQI on set S
· Frequency-selective CQI type

· Other reporting types FFS

· Supported subband size(s) as a function of system bandwidths include those given in Table 2.

· For the frequency-selective CQI, a CQI report in a certain subframe describes the channel quality in a particular part or in particular parts of the bandwidth (a part is frequency-consecutive and an integer multiple of the subband size)

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

· The CQI in the current bandwidth part corresponds to either 

· Scheme 1: Best-M average

· Best M subbands are selected in the current bandwidth part
· 5 bit CQI over the selected M subbands is obtained
· An indicator of selected subbands

· Scheme 2: CQI for each subband 

· Bandwidth part corresponds to one subband

· Inclusion of a wideband CQI as reference in differential encoding within CQI report sent in the same subframe is FFS

· LTE should only adopt one of the two schemes [Scheme 1 or Scheme 2].

· Which one to adopt is FFS

Conclusion for CQI/PMI to support SU-MIMO

Node B configured subbands feedback on PUSCH
· For the frequency-selective CQI and PMI reports, supported subband sizes used for CQI and PMI in case of SU-MIMO should be the same as the ones for single antenna and TxD
· The treatment of edge effects needs to be aligned with how the RB assignment for the group based approach handles edge effects.
· If both CQI and PMI reports are frequency-selective,

· Have the same subband size for both

· Possibility of having frequency non-selective CQI (PMI) and frequency selective PMI (CQI) is not precluded. 

CQI generic structure
R1-074661
Clarification of CQI/PMI/rank reporting mechanisms on PUCCH/PUSCH
SHARP

R1-074725
Single codeword CQI table scaling for LTE
NEC Group

R1-074855
CQI Measurement Methodology
Ericsson

R1-074893
Further details on CQI format
Nokia Siemens Networks, Nokia

R1-074924
Wideband CQI in PUSCH reports 
Panasonic
R1-075039
Full system bandwidth CQI in PUSCH reports
Panasonic, Freescale, Motorola
=> Continue discussion whether to introduce “Full system bandwidth CQI”, taking into account its use cases and how the set S would be configured in practice. 
CQI – 1CW
R1-074659
Sub-band position encoding for Best-M based CQI reporting
SHARP

R1-074693
UE Selected Sub-band CQI Feedback for E-UTRA
Texas Instruments

R1-074745
Comparison of periodic CQI schemes in PUCCH
LG Electronics

R1-074753
Allowed values of m in Best-m CQI report
Huawei

R1-074819
On CQI Reporting in E-UTRA
NTT DoCoMo

R1-074828
Efficient CQI Feedback for Link Adaptation Over a Set of Sub-bands
Icera Semiconductor

R1-074853
All Subband CQI Report Format
Ericsson

R1-074854
Channel feedback format selection
Ericsson

R1-074927
CQI transmission methods for large reports on PUCCH
Panasonic -> moved to UL control signaling
R1-074972
Peridoc frequency selective CQI reporting on PUCCH
Qualcomm Europe

R1-074983
Periodic “best-M” CQI Reporting Scheme
Alcatel-Lucent
CQI – SU-MIMO
R1-074612
Joint feedback for E-UTRA downlink precoding and CQI
Motorola

R1-074648
MIMO feedback channel design (PMI, CQI and rank)
Nortel

R1-074655
Limitations of CQI Compression for Dual Codeword MIMO
Alcatel-Lucent

R1-074660
Consideration of CQI, PMI, and rank report feedback interval
SHARP

R1-074695
Design Aspects of UE Feedback 
Texas Instruments

R1-074696
Rank and PMI Feedback Rate – Analysis
Texas Instruments

R1-074697
CQI/PMI Feedback Rate – System Simulation
Texas Instruments

R1-074698
Rank Feedback Rate – System Simulation
Texas Instruments

R1-074706
Binary Differential Feedback Using Existing Codebooks for E-UTRA
InterDigital Communications LLC

R1-074744
Spatial delta CQI in SU-MIMO
LG Electronics

R1-074747
Investigation on Tradeoff between PMI overhead and performance 
LG Electronics

R1-074752
MIMO feedback signalling
Huawei

R1-074799
Performance of single CQI feedback for 2CW SU-MIMO
Samsung

R1-074801
SU-MIMO PMI feedback and Compression 
Samsung

R1-074894
CQI and MIMO feedback for LTE
Nokia Siemens Networks, Nokia

R1-074925
Rank feedback in downlink MIMO
Panasonic

R1-074971
Details on CQI format 
Qualcomm Europe
MU-MIMO
R1-074613
MU-MIMO for E-UTRA
Motorola

R1-074630
Codebook for MU-MIMO
Philips, NXP

R1-074631
CQI definition for MU-MIMO
Philips, NXP

R1-074802
CQI Reporting for MU-MIMO
Samsung

R1-074821
Investigation on Throughput Performance of MU-MIMO in E-UTRA downlink
NTT DoCoMo

R1-074895
Number of spatially multiplexed users for LTE DL MU-MIMO 
Nokia, Nokia Siemens Networks

R1-074896
Channel Quality Indicator for LTE MU-MIMO
Nokia, Nokia Siemens Networks

R1-074897
Effect of Precoding Granularity on LTE Multiuser MIMO
Nokia, Nokia Siemens Networks

R1-074926
Control signalling aspects of MU-MIMO
Panasonic
R1-074702
InterDigital
Beamforming
R1-074974
Calibration procedures for TDD beamforming
Qualcomm Europe
MIMO enhancements
R1-074642
Discussion on the  Improvement of the Blind Detection of the antenna configuration
Nortel

R1-074643
Discussion on Rank Adaptation Based on Shadowing for High Speed UEs
Nortel

R1-074644
On the need of the rank adaptation for high speed UE
Nortel

R1-074645
System level simulation of adaptive MIMO for high speed UE
Nortel

R1-074646
Performance evaluation of CL MIMO performance under different UE speed
Nortel

R1-074647
Performance evaluation of Rank-1 and rank-2 Transmission for High Mobility UE
Nortel

R1-074743
Efficient support of retransmission using codeword DTX
LG Electronics -> moved to DL control signaling
R1-074746
Consideration on Open-loop SM Transmission Mode 
LG Electronics

R1-074800
Multiple Antenna Transmission for High Mobility UE 
Samsung, LGE, Nortel, AT&T
Could be moved to AI 6.2.3 “Downlink control signalling”? 
R1-074649
Further discussion on the PHICH mapping 
Nortel

R1-074820
Investigation on PMI Indication Schemes for Single-User MIMO Precoding in E-UTRA Downlink
NTT DoCoMo
Not available

R1-074650
Way-forward on Downlink transmission for High Mobility UE with multiple transmission antennas at NodeB 
Nortel

R1-074798
Uplink CQI report format
Samsung -> withdrawn
R1-074973
Feedback need in support of TDD precoding
Qualcomm Europe

R1-075007
Adaptive Precoding Codebook Index reporting for MIMO in TDD
TD Tech
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