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1 Introduction
There has been extensive email discussion on CQI reporting between RAN1#51 and RAN1#51bis meetings. The outcomes are summarized below. 
2 Summary of discussion
2.1 CQI table

Agreement from the email discussion:

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


2.2 CQI  bit length
Agreement from the email discussion:

· 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
Discussion:

There were discussions on the set of exact offset levels for the 2-bit subband differential CQI and the 3-bit spatial differential CQI for zero/small delay CDD. Identified proposals are as follows:

· 2-bit subband differential CQI = subband CQI - wideband CQI 
· It was suggested to have four levels {negative1, zero, positive1, positive2} to better utilize the up fade. 

· Examples for the exact offset levels are {-1, 0, +1, +2} or {-2, 0, +1, +2}. 
· There was a suggestion to have the definition allowing the traditional 2’s complement operation. 
· For zero/small delay CDD, 3-bit spatial differential CQI = CW2 wideband CQI – CW1 wideband CQI 
· An example for the exact offset levels is {-3, -2, -1, 0, +1, +2, +3, +4} 

· Treatment of the edges in the differential CQI was raised as an issue to discuss. 

Regarding the number of bits (denoted x) for the spatial differential CQI for the large delay CDD, the alternatives for further discussion are as follows:

Alt A: 

· x=3 for large delay CDD 
· FFS whether to support x=0 also for large delay CDD. 

Alt B:

· x=0 for large delay CDD 
· FFS whether to support x=3 also for large delay CDD.
Various aspects including signaling overhead, expected performance (e.g. SIC gain), implication on the channel coding design, etc were discussed. No consensus has been reached though. 
Way forward:
It is suggested to agree on the exact set of offset levels for the 2-bit subband differential CQI and the 3-bit spatial differential CQI for the zero/small delay CDD. 
It is suggested to conclude on the x-bit spatial differential CQI for the large delay CDD. 
2.3 CQI on PUSCH for Single TX and TXD
UE-Selected Subbands Feedback on PUSCH

(1) Bit-width of CQI value 2

The following is copied from the kick-off email:
In this mode of operation, the UE reports two CQI values as follows:

· CQI value 1: Wideband CQI

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

The bit-width of the differential CQI is being discussed under another email thread “CQI bit length”. I would recommend agreeing on that CQI value 2 uses the same bit-width as concluded in that email thread.

Discussion:

For the bit-width of CQI value 2, there are two alternatives suggested:
· Alt 1: 2 bits (same as the one for the subband differential CQI)

· Alt 2: 3 bits (aims to cover wider dynamic range than the subband differential CQI)

Way forward:
It is suggested to agree on the bit-width of CQI value 2 and to agree on the set of exact offset levels. 

(2) Signaling of the selected subbands

The following is copied from the kick-off email:
It was agreed to use ceil(log2(N choose M)) bits for signalling of the selected subbands. Does it mean that a table of size (N choose M) should be defined for each possible combination of N and M?

Discussion:

It was commented that there is no need to specify tables. 
Way forward:

It is suggested to agree on the concrete description. 
(3) Need for introducing additional values for group size, subband size, and M

The following is copied from the kick-off email:
Supported parameters for different system bandwidth values are listed in the table below. 

	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


Is there a need for introducing additional parameter values? It would be in general preferred to not introduce additional values unless necessarily needed.
Discussion:
One company commented the introduction of k = 1 for 11 – 26 RBs needs further discussion. Two companies proposed to have possibility of configuration of M value for a system bandwidth. 
Way forward:

It is suggested to 
· conclude that there is no need for introducing additional values of k for other system bandwidth values than 11 – 26 RBs
· continue discussion on the need for introducing k = 1 for system bandwidth of 11 – 26 RBs

· discuss if configuration of M value for a system bandwidth needs to be allowed

NodeB Configured Subbands Feedback on PUSCH

(4) Need for introducing additional values for group size and subband size
The following is copied from the kick-off email:
Supported parameters for different system bandwidth values are listed in the table below.

	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


Is there a need for introducing additional parameter values? It would be in general preferred to not introduce additional values unless necessarily needed.
Discussion:

 One company suggested continuing the discussion on other values of k, e.g., group size. 
Way forward:

It is suggested to discuss in the meeting if there is need for introducing additional values of k.

2.4 Frequency selective CQI on PUCCH
Two schemes were identified in RAN1#51 meeting: 

· Scheme 1: Best-M average 

· Scheme 2: CQI for each subband
In the email discussion, it was suggested to continue the discussion based on the evaluation results available for RAN1#51bis meeting. 
There was no response on the need for introducing other reporting types than the wideband CQI and the frequency selective CQI. 
2.5 Aperiodic CQI reporting 

The following is copied from the kick-off email:
The conclusion of Jeju meeting on the aperiodic CQI reporting is as follows:

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

Which alternative can we agree on? 

Discussion:
There has been no clear consensus even though there were more supports on Alt1. A trigger rule-based approach was proposed aiming to avoid the introduction of additional 1 bit. There was a general comment that it would be desirable if the 1-bit can be saved without incurring additional complexity and restrictions on the scheduling.
Way forward:

It is suggested to continue the discussion in the meeting.

2.6 Further discussion on MIMO transmission 
There has been extensive discussion on MIMO transmission around the end of November through the beginning of December 2007. 
The first part of the discussion is the clarification on how to configure MIMO transmission mode for a UE and was concluded as follows: 

Conclusion:
1. For four antenna ports, the UE is (semi-statically) configured for one of 3 transmission schemes for (rank-1, rank-2, rank-3, rank-4) as 

a. zero delay = (0, 0, 0, 0),  
b. small delay = (1/eta, 1/eta, 1/eta, 1/eta) or 

c. large delay = (0, ½, 1/3, ¼) 

2. No rank adaptation between Tx diversity (rank-1) and adaptive pre-coding 
The second part of the discussion included the following topics:

· rank adaptation between Tx diversity and PMI-free pre-coding
· exact scheme for MIMO precoding without PMI feedback 
Taking into account much interest shown for this discussion, these topics may be worth continuing the discussion in the meeting. 









