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1. Introduction
CQI reporting has been discussed extensively during recent meetings. Much of the remaining work in RAN4 relates to CQI. There is hence a pressing need to nail down the details on CQI reporting in order not to delay the time schedule of LTE. This way forward contribution is an attempt to promote progress by identifying a number of important outstanding issues related to frequency-selective CQI reporting, issues which the cosigners believe RAN1 should be able to conclude on in this meeting.

Please note the following:

· Unless explicitly stated otherwise, the assumption is that the set of subbands S, semi-statically configured by higher layers, is used for all operations. 

· The term “wideband CQI” denotes the 5-bits CQI value obtained over the set S
· The issue concerning inclusion of full system bandwidth CQI is not addressed in this document.

2. Proposed Refinements

2.1. Wideband Feedback on PUSCH

· One wideband CQI is reported.

· Note: Already agreed in RAN1 #50bis.
2.2. UE-Selected Subbands Feedback on PUSCH
· UE uses an M value configured by NodeB, in case multiple M values is possible

· Two CQI values are reported

· Wideband CQI

· CQI for selected subbands encoded differentially relative to wideband CQI using 3 bits.

· Number of bits motivated by simulation results in e.g. ‎[5].

· Subband selection procedure:

· 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

· Will not be included in specifications

· Subband selection signaled 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.

· Used design principle

· Subband sizes have been chosen among agreed subband sizes in ‎[1] to match with recommended conclusion on group sizes listed in ‎[2].

· Note: Subband size of k = 3 not yet agreed in CQI AH Session but needed since group size 3 is specified.

· M values have been chosen to roughly adhere to 20% rule in ‎[3]. 

· Other M values 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


2.3. NodeB Configured Subbands Feedback on PUSCH

· CQI encoding (scheme agreed in the CQI AH session held on Monday and Tuesday)

· Wideband CQI

· Each subband CQI is encoded differentially with respect to wideband CQI using [2 or 3 bits]

· Propose to use 3 bits

· Motivated by simulation results in e.g. ‎[6].

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

· Used design principle

· Subband sizes have been chosen among agreed subband sizes in ‎[1] to match with agreed conclusion on group sizes listed as alternative 1 in ‎[2].

· Note: Subband size of k = 6 not yet agreed but needed since group size 3 is specified

· 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


2.4. 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 

· N_b:

· If x = 1, the number of consecutive subframes in the reporting burst  

· If x = 2, the subframes in the reporting burst start with a CQI and then alternates between CQI and unallocated subframes. 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.

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

· 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.

· 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

· 5 bit CQI over selected subbands within bandwidth part

· An indicator of selected subbands (e.g. using 
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· 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 is FFS

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

· Which one to adopt is FFS
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