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	Reason for change:
(

	Editorial changes and in 7.2

Clarify that CQI is calculated assuming transmission of one codeword for RI=1 and two codewords for RI>1 and is independent of how many codewords the serving eNodeB schedules.

And in 7.2.1:

1) Reflecting the most recent decision on CQI due to the removal of antenna selection and setting set S = entire system bandwidth. Since set S = the entire system bandwidth, there is no need for higher layer signaling to configure the set S (as well as the subband size since there is only 1 subband size for a given system bandwidth).

2) UE behaviour for PUSCH 3-0 reporting mode is unclear on whether the reported wideband CQI, in addition to subband CQI, should only reflect the first codeword independent of RI value set. One sentence is missing “.” in 7.2.1.

3) PUSCH reporting modes not defined for rank=1 precoding, multiuser MIMO.
4) Table 7.2.1-2 modified to reflect that it gives only subband size (k) for PMI as well as CQI reporting.  .

	
	

	Summary of change:
(

	7.2: Clarify UE behavior that CQI is calculated based on one codeword for RI=1 and two codewords for RI>1.

7.2.1: Clarify UE behavior for PUSCH 3-0 reporting mode regarding the first codeword is referenced by wideband CQI independent of RI. Missing mapping of PUSCH reporting modes to transmission modes were given.  Table 7.2.1-2 was completed and table headings and related text modified accordingly.  Replace payload equations with Table 7.2.1-4.  Removal of higher layer configuration of M1 and set S.  Editorial section numbering. 
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	Incomplete and inconsistent LTE specification (e.g. between 36.212 and 36.213).
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	Other comments:
(

	Isolated impact analysis:

The correction/clarification in this CR has isolated impact, as it affects (1)

· The UE behavior for PUSCH 1-2, 3-0, and 3-1 reporting modes 

The correction would not affect implementations behaving like indicated in the CR, but would affect implementations supporting the corrected functionality otherwise.
And this CR affects (2) 

· The UE behavior for PUSCH 3-0 reporting mode 

The correction/clarification would ensure the UE behavior when reporting wideband CQI in PUSCH 3-0 reporting mode.
And this CR affects (3) and (4)

·  UE behavior for parts of specification that are incomplete 

The spec completion would ensure proper UE behavior for PUSCH reporting.

The the resolving of y value and editorial changes affect only 

· Payload for 2-Tx closed-loop SM

· Section numbering

And this CR affects (5)

· UE behavior for number of codewords assumed when reporting CQI. The clarification of UE behavior prevents implementations where UEs assume the wrong number of codewords when reporting CQI


4.2.1
Radio link monitoring

The downlink radio link quality of the serving cell shall be monitored by the UE for the purpose of indicating radio problem detection status to higher layers. The radio problem detection may be based on cell-specific reference signals.

In non-DRX mode operations, the physical layer in the UE shall every radio frame check the quality, measured over the previous [200ms] period, against thresholds (Qout and Qin) defined implicitly by relevant tests in [6]. 

The UE shall indicate radio problem detection to higher layers when the quality is worse than the threshold Qout and continue until the quality is better than the threshold Qin. 

The start and stop of the radio problem detection monitoring are triggered by higher layers.
4.2.2
Inter-cell synchronisation

[For example, for cell sites with a multicast physical channel]

4.2.3
Transmission timing adjustments

Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing. The timing advance command is expressed in multiples of 16
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and is relative to the current uplink timing.

For a timing advance command received on subframe n, the corresponding adjustment of the timing shall apply from the beginning of subframe n+6.
7.2
UE procedure for reporting channel quality indication (CQI), precoding matrix indicator (PMI) and rank indication (RI)

The time and frequency resources that can be used by the UE to report CQI, PMI, and RI are controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful transmission layers. For transmit diversity as given in [3], RI is equal to one.

CQI, PMI, and RI reporting is periodic or aperiodic. A UE transmits CQI, PMI, and RI reporting on a PUCCH for subframes with no PUSCH allocation. A UE transmits CQI, PMI, and RI reporting on a PUSCH for those subframes with PUSCH allocation for a) scheduled PUSCH transmissions with or without an associated scheduling grant or b) PUSCH transmissions with no UL-SCH. The CQI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CQI reporting

	Scheduling Mode
	Periodic CQI reporting channels
	Aperiodic CQI reporting channel

	Frequency non-selective
	PUCCH
	

	Frequency selective
	PUCCH
	PUSCH


In case both periodic and aperiodic reporting would occur in the same subframe, the UE shall only transmit the aperiodic report in that subframe.

When reporting RI the UE reports a single instance of the number of useful transmission layers.  For each RI reporting interval during closed-loop spatial multiplexing, a UE shall determine a RI from the supported set of RI values for the corresponding eNodeB and UE antenna configuration and report the number in each RI report. For each RI reporting interval during open-loop spatial multiplexing, a UE shall determine RI for the corresponding eNodeB and UE antenna configuration in each reporting interval and report the detected number in each RI report to support selection between RI=1 transmit diversity and RI>1 large delay CDD open-loop spatial multiplexing.
When reporting PMI the UE reports either a single or a multiple PMI report.  The number of RBs represented by a single UE PMI report can be 
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 or a smaller subset of RBs. The number of RBs represented by a single PMI report is semi-statically configured by higher layer signalling.  A UE is restricted to report PMI and RI within a precoder codebook subset specified by a bitmap configured by higher layer signalling. For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant transmission mode.

The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth.  A subband is a set of k contiguous PRBs where k is also semi-statically configured by higher layers.  Note the last subband in set S may have fewer than k contiguous PRBs depending on
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 .  The number of subbands for system bandwidth given by
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.  The term “Wideband CQI” denotes a CQI value obtained over the set S.  

· For single-antenna port and transmit diversity, as well as open-loop spatial multiplexing, and closed-loop spatial multiplexing with RI=1 a single 4-bit wideband CQI is reported according to Table 7.2.3-1.
· For open-loop and closed-loop spatial multiplexing, CQI is calculated assuming transmission of one codeword for RI=1 and two codewords for RI > 1.
· For RI > 1, closed-loop spatial multiplexing PUSCH based triggered reporting includes reporting a wideband CQI which comprises: 
· A 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1 
· A 4-bit wideband CQI for codeword 2 according to Table 7.2.3-1
· For RI > 1, closed-loop spatial multiplexing PUCCH based reporting includes separately reporting a 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1 and a wideband spatial differential CQI each with a distinct reporting period and relative subframe offset.  The wideband spatial differential CQI comprises:
· A 3-bit wideband spatial differential CQI for codeword 2 = wideband CQI index for codeword 1 – wideband CQI index for codeword 2. The set of exact offset levels is {-4, -3, -2, -1, 0, +1, +2, +3}
7.2.1
Aperiodic CQI/PMI/RI Reporting using PUSCH
A UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH upon receiving an indication sent in the scheduling grant.  
The aperiodic CQI report size and message format is given by RRC.  
The minimum reporting interval for aperiodic reporting of CQI and PMI and RI is 1 subframe. The subband size for CQI shall be the same for transmitter-receiver configurations with and without precoding.
A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same PUSCH using one of the following reporting modes given in Table 7.2.1-1 and described below:

Table 7.2.1-1: CQI and PMI Feedback Types for PUSCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUSCH:

1. Single-antenna port, port 0

: Modes 2-0, 3-0

2. Transmit diversity

: Modes 2-0, 3-0
3. Open-loop spatial multiplexing
: Modes 2-0, 3-0
4. Closed-loop spatial multiplexing
: Modes 1-2, 2-2, 3-1 
5. Multi-user MIMO

: Mode 3-1
6. Closed-loop Rank=1, precoding
: Mode 1-2, 2-2, 3-1

7. Single-antenna port, port 5

:

For 
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, PUSCH reporting modes are not supported.

The selection of PMI and the calculation of CQI are both dependent on the RI value that the UE selects for the corresponding reporting instance.

RI report on a PUSCH reporting mode is valid only for CQI/PMI report on that PUSCH reporting mode

· Wideband feedback

· Mode 1-2 description:
· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband

· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands.

· The UE shall report the selected precoding matrix indicator for each set S subband.
· Subband size is given by Table 7.2.1-2.
· The payload size in bits for feedback mode 1-2 is given by Table 7.2.1-4.
· Higher Layer-configured subband feedback 

· Mode 3-0 description:

· A UE shall report a wideband CQI value which is calculated assuming transmission on set S subbands

· The UE shall also report one subband CQI value for each set S subband. The subband CQI value is calculated assuming transmission only in the subband. 
· Both the wideband and subband CQI represent channel quality for the first codeword, even when RI>1.
· Mode 3-1 description:

· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.
· A UE shall report one subband CQI value per codeword for each set S subband which are calculated assuming the use of the single precoding matrix in all subbands.
· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands.
· The UE shall report the single selected precoding matrix indicator.
· Subband CQI for each codeword are encoded differentially with respect to their respective wideband CQI using 2-bits as defined by

· Subband differential CQI = subband CQI index – wideband CQI index

· Possible subband differential CQI values are {-2, 0, +1, +2}

· Supported subband size (k) is given in Table 7.2.1-2
· The payload size in bits for feedback modes 3-0 and 3-1 is given by Table 7.2.1-4.

Table 7.2.1-2: Subband Size vs. System Bandwidth

	System Bandwidth
	Subband Size
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	(k)

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8














	
	
	

	

	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


· UE-selected subband feedback

· Mode 2-0 description:

· The UE shall select a set of M preferred subbands of size k (where k and M are given in Table 7.2.1-3 for each system bandwidth range) within the set of subbands S. 

· The UE shall also report one CQI value reflecting transmission only over the M selected subbands determined in the previous step. The CQI represents channel quality across all layers irrespective of computed or reported RI. 

· Additionally, the UE shall also report one wideband CQI value. 
· Mode 2-2 description:
· The UE shall perform joint selection of the set of M preferred subbands of size k within the set of subbands S and a preferred single precoding matrix selected from the codebook subset that is preferred to be used for transmission over the M selected subbands.

· The UE shall report one CQI value per codeword reflecting transmission only over the selected M preferred best subbands and using the same selected single precoding matrix in each of the M subbands.  

· The UE shall also report the selected single precoding matrix preferred for the M selected subbands.

· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands
· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands
· A UE shall also report the selected single precoding matrix indicator for all set S subbands.
· For all UE-selected subband feedback modes the UE shall report the positions of the M selected subbands using a combinatorial index r defined as

· 
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· where the set
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 is the extended binomial coefficient, resulting in unique label 
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· The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits relative to its respective wideband CQI as defined by

· Differential CQI = best-M average index – wideband CQI index

· Possible differential CQI values are {+1, +2, +3, +4}

· Supported subband size k and M values include those shown in Table 7.2.1-3. In Table 7.2.1-3 the k and M values are a function of system bandwidth.

· The payload size in bits for feedback modes 2-0 and 2-2 is given by Table 7.2.1-4.














Table 7.2.1-3: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

	System Bandwidth
	Subband Size k (RBs)
	M
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	6 – 7
	NA
	NA

	8 – 10
	2
	1

	11 – 26 
	2
	3

	27 – 63 
	3
	5

	64 – 110 
	4
	6


Table 7.2.1-4: Payload size in bits for PUSCH CQI report modes
	Transmission Mode
	Mode State
	PUSCH Reporting Modes

	
	
	Mode 1-2
	Mode 2-0
	Mode 2-2
	Mode 3-0
	Mode 3-1

	Single-antenna port 0
	NA
	NA
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	NA
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	NA

	Transmit diversity
	2TX or 4TX antennas
	NA
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	NA
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	NA

	Closed-loop spatial multiplexing
	2TX antennas RI=1
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	NA
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	NA
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	2TX antennas RI>1
	
[image: image27.wmf]9

+

N


	
	
[image: image28.wmf]15

+

L


	
	
[image: image29.wmf]10

4

+

N



	
	4TX antennas RI=1
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	4TX antennas RI>1
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	Open-loop spatial multiplexing
	2TX antennas
	NA
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	NA
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	NA

	
	4TX antennas
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	Multi-user MIMO
	2TX antennas
	NA
	NA
	NA
	NA
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	4TX antennas
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	Closed-loop rank-1 precoding
	2TX antennas
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	NA
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	4TX antennas
	
[image: image45.wmf]4

4

+

N


	
	
[image: image46.wmf]14

+

L


	
	
[image: image47.wmf]8

2

+

N



	Single-antenna port 5
	
	
	
	
	
	


where
· 
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