Error! No text of specified style in document.
11
Error! No text of specified style in document.

3GPP TSG-RAN Meeting #54bis
(
R1-084020
Prague, Czech Republic, Sep 29-Oct 3, 2008
	CR-Form-v9.4

	CHANGE REQUEST

	

	(

	36.213
	CR
	0105
	(

rev
	4
	(

Current version:
	8.4.0
	(


	

	For HELP on using this form look at the pop-up text over the (
 symbols. Comprehensive instructions on how to use this form can be found at http://www.3gpp.org/specs/CR.htm.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	X
	Core Network
	


	

	Title:
(

	Alignment of RAN1/RAN2 specification

	
	

	Source to WG:
(

	Ericsson

	Source to TSG:
(

	

	
	

	Work item code:
(

	LTE-Phys
	
	Date: (

	02/10/2008

	
	
	
	
	

	Category:
(

	F
	
	Release: (

	Rel-8

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)
Rel-7
(Release 7)
Rel-8
(Release 8)
Rel-9
(Release 9)

	
	

	Reason for change:
(

	A number of L1 parameters configured by higher layers is currently not explicitly defined in 36.213 although RRC specification (36.331) assumes that these parameters are defined. Several L1 parameters also have the values specifed in the RRC specification (36.331) and in L1. A corresponding contribution for the RRC specification is R2-085410 and 36.211 in R1-084021

	
	

	Summary of change:
(

	Alignment and introduction of missing RRC parameters in 36.213

	
	

	Consequences if 
(

not approved:
	Jointly inconsistent set of specifications.

	
	

	Clauses affected:
(

	5.1.1.1, 5.1.2.1,7.2.2, 8.4, 8.4.1

	
	

	
	Y
	N
	
	

	Other specs
(

	X
	
	 Other core specifications
(

	36.331, 36.211 CR0084 (Cat F, Rel 8) R1-084021

	Affected:
	
	X
	 Test specifications
	

	
	
	X
	 O&M Specifications
	

	
	

	Other comments:
(

	Isolated impact analysis:

The correction in this CR has isolated impact, as it affects only 

· Alignment between RAN1 and RAN2

The correction would not affect implementations behaving like indicated in the CR, but would affect implementations supporting the corrected functionality otherwise.


5.1.1.1
UE behaviour

The setting of the UE Transmit power
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 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by
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where,

· 
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is the maximum allowed power that depends on the UE power class
· 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i.
· 
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is a parameter composed of the sum of a 8-bit cell specific nominal component 
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 signalled from higher layers for j=0 and 1 in the range of [-126,24] dBm with 1dB resolution and a 4-bit UE specific component 
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 configured by RRC for j=0 and 1 in the range of [-8, 7] dB with 1dB resolution. For PUSCH (re)transmissions corresponding to a configured scheduling grant then j=0 and for PUSCH (re)transmissions corresponding to a received PDCCH with DCI format 0 associated with a new packet transmission then j=1. For PUSCH (re)transmissions corresponding to the random access response grant then j=2. 
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, where the parameter PREAMBLE_INITIAL_RECEIVED_TARGET_POWER, 
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 are signalled from higher layers.
· For j =0 or 1, 
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 is a 3-bit cell specific parameter provided by higher layers. For j=2, 
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· PL is the downlink pathloss estimate calculated in the UE
· 
[image: image15.wmf])

1

2

(

log

10

)

(

)

(

10

TF

-

=

D

×

S

K

i

MPR

i

for 
[image: image16.wmf]25

.

1

=

S

K

and 0 for 
[image: image17.wmf]0

=

S

K

where 
[image: image18.wmf]S

K

 is a cell specific parameter given by RRC
· 
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 is the Transport Block Size for subframe i and 
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 is the number of resource elements determined as 
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 for subframe i, where 
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 is defined in [4].
· 
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 is a UE specific correction value, also referred to as a TPC command and is included in PDCCH with DCI format 0 or jointly coded with other TPC commands in PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment state is given by
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 if accumulation is enabled based on the UE-specific parameter Accumulation-enabled provided by higher layers
· where 
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was signalled on PDCCH with DCI format 0 or 3/3A on subframe 
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· The value of 
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 is
· For FDD,
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= 4

· For TDD UL/DL configurations 1-6, 
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 is given in Table 5.1.1.1-1
· For TDD UL/DL configuration 0

· If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH of DCI format 0 in which the LSB of the UL index is set to 1, 
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= 7
· For all other PUSCH transmissions, 
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 is given in Table 5.1.1.1-1. 
· The UE attempts to decode a PDCCH of DCI format 0 with the UE’s C-RNTI and a PDCCH of DCI format 3/3A with ths UE’s TPC-PUSCH-RNTI in every subframe except when in DRX

· If DCI format 0 and DCI format 3/3A are both detected in the same subframe, then the UE shall use the 
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 provided in DCI format 0.

· 
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dB for a subframe where no TPC command is decoded or where DRX occurs or i is not an uplink subframe in TDD.

· The
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 dB accumulated values signalled on PDCCH with DCI format 0 are given in Table 5.1.1.1-2.

· The 
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 dB accumulated values signalled on PDCCH with DCI format 3/3A are one of SET1 given in Table 5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-step-size provided by higher layers.
· If UE has reached maximum power, positive TPC commands shall not be accumulated

· If UE has reached minimum power, negative TPC commands shall not be accumulated

· UE shall reset accumulation

· at cell-change

· when entering/leaving RRC active state

· when an absolute TPC command is received

· when 
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 is received

· when the UE (re)synchronizes
· 
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if accumulation is not enabled based on the UE-specific parameter Accumulation-enabled provided by higher layers
· where 
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was signalled on PDCCH with DCI format 0 on subframe 
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· The value of 
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 is
· For FDD,
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= 4

· For TDD UL/DL configurations 1-6, 
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 is given in Table 5.1.1.1-1
· For TDD UL/DL configuration 0

· If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCHof DCI format 0 in which the second bit of the UL index is set to 1, 
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= 7
· For all other PUSCH transmissions, 
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 is given in Table 5.1.1.1-1.
· The 
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 dB absolute values signalled on PDCCH with DCI format 0 are given in Table 5.1.1.1-2.
· 
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for a subframe where no PDCCH with DCI format 0 is decoded or where DRX occurs or i is not an uplink subframe in TDD.

· For both types of 
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 (accumulation or current absolute) the first value is set as follows:

· 
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· where 
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 is the TPC command indicated in the random access response, and where 
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 is provided by higher layers and corresponds to the total power ramp-up from the first to the last preamble

Table 5.1.1.1-1 
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 for TDD configuration 0-6

	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	- 
	-
	6
	7
	4
	-
	-
	6
	7
	4

	1
	-
	-
	6
	4
	-
	-
	-
	6
	4
	-

	2
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	-
	-
	4
	4
	4
	-
	-
	-
	-
	-

	4
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3 to absolute and accumulated 
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 values.

	TPC Command Field in

DCI format 0/3
	Accumulated 
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[dB]
	Absolute 
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[dB] only DCI format 0

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4


Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to 
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 values.

	TPC Command Field in

DCI format 3A
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 [dB]

	0
	-1

	1
	1


5.1.2.1
UE behaviour

The setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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where 

· The parameter 
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 is provided by higher layers. Each 
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 [3].
· 

· 



	
	


	
	

	
	

	
	

	
	

	
	


· 
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 is a PUCCH format dependent value, where 
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 corresponds to the number information bits for the channel quality information defined in section 5.2.3.3 in [4] and 
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 is the number of HARQ bits.

· For PUCCH format 1,1a and 1b 
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· For PUCCH format 2, 2a, 2b and normal cyclic prefix 
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· For PUCCH format 2 and extended cyclic prefix 
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· 
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 is a parameter composed of the sum of a 5-bit cell specific parameter 
[image: image75.wmf]PUCCH
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 provided by higher layers with 1 dB resolution in the range of [-127, -96] dBm and a UE specific component 
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 configured by RRC in the range of [-8, 7] dB with 1 dB resolution.
· 
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 is a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI format 1A/1B/1D/1/2A/2 or sent jointly coded with other UE specific PUCCH correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-RNTI.

· The UE attempts to decode a PDCCH of DCI format 3/3A with the UE’s TPC-PUCCH-RNTI and one or several PDCCHs of DCI format 1A/1B/1D/1/2A/2 with the UE’s C-RNTI on every subframe except when in DRX.

· If the UE decodes a PDCCH with DCI format 1A/1B/1D/1/2A/2 and the corresponding detected RNTI equals the C-RNTI of the UE, the UE shall use the 
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 provided in that PDCCH.

else 

· if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the 
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 provided in that PDCCH

else the UE shall set 
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 = 0 dB.

· 
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 where 
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 is the current PUCCH power control adjustment state.

· For FDD, 
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· For TDD, values of 
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 and 
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 are given in Table 10.1-1.
· The 
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 dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2 are given in Table 5.1.2.1-1.

· The 
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 dB values signalled on PDCCH with DCI format 3/3A are given in Table 5.1.2.1-1 or in Table 5.1.2.1-2 as semi-statically configured by higher layers.

· The initial value of 
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 is defined as

· 
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· where 
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 is the TPC command indicated in the random access response, and where 
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 is the TPC command indicated in the random access response with a range of [-8, 6] dB with 2dB resolution
· 
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 is the total power ramp-up from the first to the last preamble provided by higher layers

· If UE has reached maximum power, positive TPC commands shall not be accumulated

· If UE has reached minimum power, negative TPC commands shall not be accumulated

· UE shall reset accumulation

· at cell-change

· when entering/leaving RRC active state

· when 
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· when the UE (re)synchronizes
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 if 
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 is not an uplink subframe in TDD.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2/3 to 
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 values.

	TPC Command Field in

DCI format 1A/1B/1D/1/2A/2/3
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 [dB]

	0
	-1

	1
	0

	2
	1

	3
	3


Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A to 
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 values.

	TPC Command Field in

DCI format 3A
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 [dB]

	0
	-1

	1
	1


7.2.2
Periodic CQI/PMI/RI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CQI, PMI, and RI on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below.   
For the UE-selected subband CQI, a CQI report in a certain subframe describes the channel quality in a particular part or in particular parts of the bandwidth described subsequently as bandwidth part (BP) or parts. The subbands shall be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency. The bandwidth parts shall also be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency.
· There are a total of N subbands for a system bandwidth given by
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 then one of the subbands is of size
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· A bandwidth part j is frequency-consecutive and consists of 
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subbands where J bandwidth parts span S or 
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· Each bandwidth part j is scanned in sequential order according to increasing frequency as defined by the equation 
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, where 
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 is a counter that a UE increments after each subband report transmission for the bandwidth part.

· For UE selected subband feedback a single subband out of 
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 subbands of a bandwidth part is selected along with a corresponding L-bit label where
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The CQI and PMI payload sizes of each PUCCH reporting mode are given in Table 7.2.2-3.

Four CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode as given in Table 7.2.2-3: 

· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

In the case where RI and wideband CQI/PMI reporting are configured, RI and wideband CQI/PMI are not reported in the same subframe (reporting instance):

· The reporting instances for wideband CQI/PMI are subframes satisfying 
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n

 is the system frame number, and 
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 = {0,1,…, 19} is the slot index within the frame, and NOFFSET,CQI is the corresponding wideband CQI/PMI reporting offset (in subframes) and NP is the wideband CQI/PMI period (in subframes).

· The reporting interval of the RI reporting is an integer multiple MRI  of wideband CQI/PMI period NP (in subframes). 

· The parameter MRI is selected from the set {1, 2, 4, 8, 16, 32, OFF}.

· In case MRI is not OFF, the reporting instances for RI are subframes satisfying 
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, where 
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 is the system frame number, and 
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 = {0,1,…, 19} is the slot index within the frame, NOFFSET,CQI is the corresponding wideband CQI/PMI reporting offset (in subframes) and NOFFSET,RI is the corresponding relative RI offset to the wideband CQI/PMI reporting offset (in subframes).

· The reporting offset for RI NOFFSET,RI takes values from the set {0, −1, …, −(NP−1)}.

· In case of collision of RI and wideband CQI/PMI the wideband CQI/PMI is dropped.

· The parameters MRI, NP, NOFFSET,CQI and NOFFSET,RI are configured by higher-layer. The periodicity NP and offset NOFFSET,CQI for wideband CQI/PMI reporting are determined based on a 9-bit configuration index given in Table 7.2.2-1A.
In the case where RI and both wideband CQI/PMI and subband CQI reporting are configured:

· The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying 
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 is the system frame number, and 
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 = {0,1,…, 19} is the slot index within the frame, and NOFFSET,CQI is the corresponding wideband CQI/PMI reporting offset (in subframes). 

· The wideband CQI/PMI report has period H*NP, and is reported on the subframes satisfying  
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 is the system frame number, and 
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n

 = {0,1,…, 19} is the slot index within the frame. .The integer H is defined as H=J*K+1, where J is the number of bandwidth parts.

· Between every two consecutive wideband CQI/PMI reports, the remaining J*K reporting instances are used in sequence for subband CQI reports on K full cycles of bandwidth parts. 

· The reporting interval of RI is MRI  times the wideband CQI/PMI period, and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and subband CQI reports.

· The parameter MRI is selected from the set {1, 2, 4, 8, 16, 32, OFF}.

· In case MRI is not OFF, the reporting instances for RI are subframes satisfying 
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 is the system frame number, and 
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n

 = {0,1,…, 19} is the slot index within the frame, NOFFSET,CQI  is the corresponding wideband CQI/PMI reporting offset (in subframes) and NOFFSET,RI is the corresponding relative RI offset to the wideband CQI/PMI reporting offset (in subframes).

· In case of collision between RI and wideband CQI/PMI or subband CQI, the wideband CQI/PMI or subband CQI is dropped.

· The parameters NP, K, M, NOFFSET,RI are configured by higher layer. The parameter K is selected from the set {1,2,3,4}, and the parameter NOFFSET,RI is selected from the set {0, -1, …,-( NP -1), - NP }. The periodicity NP and offset NOFFSET,CQI for CQI reporting are configured based on a 9-bit configuration index given in Table 7.2.2-1A.
The following PUCCH formats are used:

· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is not multiplexed with ACK/NAK 
· Format 2a/2b as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for normal CP
· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for extended CP
The CQI/PMI or RI report shall be transmitted on the PUCCH resource 
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 is UE specific and configured by higher layers.
Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH reporting Modes
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


Table 7.2.2-1A: Mapping of CQI/PMI Configuration Index to NP and NOFFSET,CQI.

	CQI/PMI Periodicity and Offset Configuration Index ICQI/PMI
	Value of NP
	Value of NOFFSET,CQI

	0 ( ICQI/PMI ( 1
	2
	ICQI/PMI

	2 ( ICQI/PMI ( 6
	5
	ICQI/PMI – 2

	7 ( ICQI/PMI ( 16
	10
	ICQI/PMI – 7

	17 ( ICQI/PMI ( 36
	20
	ICQI/PMI – 17

	37 ( ICQI/PMI ( 76
	40
	ICQI/PMI – 37

	77 ( ICQI/PMI ( 156
	80
	ICQI/PMI – 77

	157 ( ICQI/PMI ( 316
	160
	ICQI/PMI – 157

	ICQI/PMI = 317
	OFF
	n/a

	318 ( ICQI/PMI ( 511
	Reserved


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

1. Single-antenna port, port 0

: Modes 1-0, 2-0

2. Transmit diversity




: Modes 1-0, 2-0
3. Open-loop spatial multiplexing
: Modes 1-0, 2-0
4. Closed-loop spatial multiplexing
: Modes 1-1, 2-1

5. Multi-user MIMO




: Modes 1-1, 2-1
6. Closed-loop Rank=1, precoding
: Modes 1-1, 2-1
7. Single-antenna port, port 5

:
RI report in a PUCCH reporting mode is valid only for CQI/PMI report on that PUCCH reporting mode.

· Wideband feedback

· Mode 1-0 description:

· In the subframe where RI is reported (only for open-loop spatial multiplexing):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where CQI is reported:

· A UE shall report a type 4 report consisting of one wideband CQI value which is calculated assuming transmission on set S subbands.  For open-loop spatial multiplexing the CQI is calculated conditioned on the last reported RI.

· Mode 1-1 description:
· In the subframe where RI is reported (only for closed-loop spatial multiplexing):

· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI
· In the subframe where CQI/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands and conditioned on the last reported RI
· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of 

· A single wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands and conditioned on the last reported RI.
· The selected single precoding matrix indicator (wideband PMI)

· When RI>1, a 3-bit wideband spatial differential CQI.
· UE Selected subband feedback
· Mode 2-0 description:
· In the subframe where RI is reported (only for open-loop spatial multiplexing):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where wideband CQI is reported:

· The UE shall report a type 4 report on each respective successive reporting opportunity consisting of one wideband CQI value conditioned on the last reported RI. 
· In the subframe where CQI for the selected subbands is reported:

· The UE shall select the preferred subband within the set of 
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 subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2. For open-loop spatial multiplexing, the selection is conditioned on the last reported RI.

· The UE shall report a type 1 report consisting of one CQI value reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding best subband L-bit label. A type 1 report for each bandwidth part will in turn be reported in respective successive reporting opportunities. The CQI represents channel quality across all layers irrespective of the computed or reported RI. For open-loop spatial multiplexing, the selection is conditioned on the last reported RI
· Mode 2-1 description:
· In the subframe where RI is reported:
· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI.
· In the subframe where wideband CQI/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands and conditioned on the last reported RI.

· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of:

· A wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands and conditioned on the last reported RI. 

· The selected single precoding matrix indicator (wideband PMI).

· When RI>1, and additional 3-bit wideband spatial differential CQI.

· In the subframe where CQI for the selected subbands is reported:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2 conditioned on the last reported wideband PMI and RI.
· The UE shall report a type 1 report per bandwidth part on each respective successive reporting opportunity consisting of:

· A single CQI value 1 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding best subband L-bit label conditioned on the last reported wideband PMI and RI.

· If RI>1, an additional 3-bit spatial differential CQI represents the difference between CQI value 1 for codeword 1 and CQI value 2 for codeword 2 assuming the use of the most recently reported single precoding matrix in all subbands and transmission on set S subbands. 
Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth
	System Bandwidth 
[image: image136.wmf]DL

RB

N


	Subband Size k (RBs)
	Bandwidth Parts (J)

	
	
	

	6 – 7
	(wideband CQI only)
	1

	8 – 10
	4
	1

	11 – 26
	4
	2

	27 – 63
	6
	3

	64 – 110
	8
	4


The corresponding periodicity parameters for the different CQI/PMI modes are defined as:
· 
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 is the periodicity of the sub-frame pattern allocated for the CQI reports in terms of subframes were the minimum reporting interval is 
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· 
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is the subframe offset

A UE with a scheduled PUSCH allocation in the same subframe as its CQI report shall use the same PUCCH-based reporting format when reporting CQI on the PUSCH unless an associated PDCCH with scheduling grant format indicates an aperiodic report is required.

Table 7.2.2-3: PUCCH Report Type Payload size per Reporting Mode
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

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

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band
CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	6
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

	4
	Wideband CQI
	RI = 1
	NA
	NA
	4
	4


8.4
UE PUSCH Hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding PDCCH with DCI format 0 is set to 1 otherwise no PUSCH frequency hopping is performed.  

A UE performing PUSCH frequency hopping shall determine its PUSCH resource allocation for the first slot of a subframe (S1) including the lowest index PRB (
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) in subframe n from the resource allocation field in a corresponding PDCCH with DCI format 0 received on subframe n-4.  For a non-adaptive retransmission of a packet on a dynamically assigned PUSCH resource a UE shall determine its hopping type based on the last received PDCCH with DCI Format 0 associated with the packet.  For a PUSCH transmission on a persistently allocated resource on subframe n in the absence of a corresponding PDCCH with a DCI Format 0 in subframe n-4, the UE shall determine its hopping type based on the hopping information in the initial grant that assigned the persistent resource allocation.  The initial grant is either a PDCCH with DCI Format 0 or is higher layer signaled.

The resource allocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by Table 8.4-1 below where the number of PUSCH resource blocks is defined as
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 in other cases.  The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits shall be 
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 is given by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on the hopping information.  PUSCH hopping type 1 is described in section 8.4.1 and type 2 is described in section 8.4.2.

Table 8.4-1: Max PUSCH BW, and Number of Hopping Bits vs. System Bandwidth
	System BW 
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	Max BW assigned to a hopping User
	#Hopping bits for 2nd slot RA 

(k)

	6-49
	min(
[image: image156.wmf]ë

û

UL

RB

/

2

N

y

,
[image: image157.wmf]ë

û

sb

N

N

/

PUSCH

RB

)
	1

	50-110
	min(
[image: image158.wmf]ë

û

UL

RB

/

2

N

y

, 
[image: image159.wmf]ë

û

sb

N

N

/

PUSCH

RB

)
	2


For either hopping type a single bit signaled by higher layers indicates whether PUSCH frequency hopping is inter-subframe only or both intra and inter-subframe.  
8.4.1  
Type 1 PUSCH Hopping
For 
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 =1 and PUSCH hopping type 1, the RA is 
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 contiguously allocated resource blocks (
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) in the first slot in subframe i from PRB index (
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 >1 and PUSCH hopping type 1 the hopping bit or bits indicated in Table 8.4-1 determine
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The lowest index PRB (
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For the inter-subframe only hopping case, the 1st slot RA is applied to even CURRENT_TX_NB, and the 2nd slot RA is applied to odd CURRENT_TX_NB.
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5.2.2
Uplink shared channel


Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel. Data arrives to the coding unit in form of a maximum of one transport block every transmission time interval (TTI). The following coding steps can be identified:



· Add CRC to the transport block


· Code block segmentation and code block CRC attachment


· Channel coding of data and control information


· Rate matching



· Code block concatenation



· Multiplexing of data and control information



· Channel interleaver



The coding steps for UL-SCH transport channel are shown in the figure below. 
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Figure 5.2.2-1: Transport channel processing for UL-SCH


5.2.2.1
Transport block CRC attachment


Error detection is provided on UL-SCH transport blocks through a Cyclic Redundancy Check (CRC). 



The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer 1 by
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, and the parity bits by
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. A is the size of the transport block and L is the number of parity bits.



The parity bits are computed and attached to the UL-SCH transport block according to subclause 5.1.1 setting L to 24 bits and using the generator polynomial gCRC24A(D). 


5.2.2.2
Code block segmentation and code block CRC attachment


The bits input to the code block segmentation are denoted by 
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 where B is the number of bits in the transport block (including CRC). 


Code block segmentation and code block CRC attachment are performed according to subclause 5.1.2. 



The bits after code block segmentation are denoted by
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, where r is the code block number and Kr is the number of bits for code block number r. 


5.2.2.3
Channel coding of UL-SCH


Code blocks are delivered to the channel coding block. The bits in a code block are denoted by 
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 , where r is the code block number, and Kr is the number of bits in code block number r. The total number of code blocks is denoted by C and each code block is individually turbo encoded according to subclause 5.1.3.2. 


After encoding the bits are denoted by
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and where
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is the number of bits on the i-th coded stream for code block number r, i.e.
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5.2.2.4
Rate matching



Turbo coded blocks are delivered to the rate matching block. They are denoted by
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, and where r is the code block number, i is the coded stream index, and 
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 is the number of bits in each coded stream of code block number r. The total number of code blocks is denoted by C and each coded block is individually rate matched according to subclause 5.1.4.1.



After rate matching, the bits are denoted by
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, where r is the coded block number, and where 
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 is the number of rate matched bits for code block number r. 


5.2.2.5
Code block concatenation


The bits input to the code block concatenation block are denoted by 
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 and where 
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 is the number of rate matched bits for the r-th code block. 



Code block concatenation is performed according to subclause 5.1.5. 



The bits after code block concatenation are denoted by 
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, where G is the total number of coded bits for transmission excluding the bits used for control transmission, when control information is multiplexed with the UL-SCH transmission. 


5.2.2.6 
Channel coding of control information



The coding rate of the control information when multiplexed with the data transmission is given by the modulation scheme and the coding rate used for the UL-SCH transmission. Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission.



When multiplexed with the data transmission in the uplink shared data channel, the channel coding for HARQ-ACK and channel quality information 
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 is done independently. 



For HARQ-ACK information



· If HARQ-ACK consists of 1-bit of information, i.e., 
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, it is first encoded according to Table 5.2.2-1.



· If HARQ-ACK consists of 2-bits of information, i.e., 
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, it is first encoded according to Table 5.2.2-2.



Table 5.2.2-1: Encoding of 1-bit HARQ-ACK



			Qm


			Encoded HARQ-ACK
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Table 5.2.2-2: Encoding of 2-bit HARQ-ACK



			Qm


			Encoded HARQ-ACK
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[Note from the editor: the ‘x’ above is a placeholder for 211 to treat bits with this value differently when performing scrambling of coded bits. This will enable limiting the constellation size used for ACK transmission in PUSCH to QPSK.]



The bit sequence 
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 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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 is the total number of coded bit for all the encoded HARQ-ACK blocks.  The vector sequence output of the channel coding for HARQ-ACK information is denoted by 
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, and is obtained as follows:



Set i ,k to 0



while 
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end while



For channel quality control information



· If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is performed according to subclause 5.2.3.3 with input sequence 
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· For payload sizes greater than 11 bits, the channel coding and rate matching of the channel quality information is performed according to subclause 5.1.3.1 and 5.1.4.2 with input sequence 
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The output sequence for the channel coding of channel quality information is denoted by 
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5.2.2.6.1 Channel quality information formats for wideband CQI reports



Table 5.2.2.6.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for wideband reports (mode 1-2, subclause 7.2.1 [3]), for PDSCH transmissions over closed-loop spatial multiplexing.


Table 5.2.2.6.1-1: Fields for channel quality information (CQI) feedback for wideband CQI reports 
(closed loop spatial multiplexing PDSCH transmission)


			Field


			Bitwidth





			


			2 antenna ports


			4 antenna ports





			


			Rank = 1


			Rank = 2


			Rank = 1


			Rank > 1





			Wideband CQI codeword 0


			4


			4


			4


			4





			Wideband CQI codeword 1


			0


			3


			0


			3





			Precoding matrix indication


			2


			1


			4


			4









The channel quality bits in Table 5.2.2.6.1-1 form the bit sequence 
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 corresponding to the first bit of the first field in the table, 
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 corresponding to the second bit of the first field in the table, and 
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 corresponding to the last bit in the last field in the table, where the order of the field shall be from top to bottom. The field of PMI shall be in the increasing order of the sub-band index [3]. The first bit of each field corresponds to MSB and the last bit LSB.



5.2.2.6.2 Channel quality information formats for higher layer configured subband CQI reports



Table 5.2.2.6.2-1 shows the fields and the corresponding bit widths for the channel quality information feedback for higher layer configured report (mode 3-0, subclause 7.2.1 [3]), for PDSCH transmissions over single antenna port, transmit diversity and open loop spatial multiplexing. 
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 in Table 5.2.2.6.2-1 is defined in subclause 7.2.1 [3].



Table 5.2.2.6.2-1: Fields for channel quality information (CQI) feedback for higher layer configured subband CQI reports 
(single antenna port, transmit diversity and open loop spatial multiplexing PDSCH transmission)


			Field


			Bitwidth





			Wide-band CQI codeword


			4





			Sub-band differential CQI
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Table 5.2.2.6.2-2 shows the fields and the corresponding bit widths for the channel quality information feedback for higher layer configured report (mode 3-1, subclause 7.2.1 [3]), for PDSCH transmissions over closed loop spatial multiplexing. 
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 in Table 5.2.2.6.2-2 is defined in subclause 7.2.1 [3].


Table 5.2.2.6.2-2: Fields for channel quality information (CQI) feedback for higher layer configured subband CQI reports 
(closed loop spatial multiplexing PDSCH transmission)


			Field


			Bitwidth





			


			2 antenna ports


			4 antenna ports





			


			Rank = 1


			Rank = 2


			Rank = 1


			Rank > 1





			Wide-band CQI codeword 0


			4


			4


			4


			4





			Sub-band differential CQI codeword 0
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			Wide-band CQI codeword 1


			0


			4


			0


			4





			Sub-band differential CQI codeword 1


			0


			


[image: image51.wmf]N



2






			0


			


[image: image52.wmf]N



2









			Precoding matrix indication


			2


			1


			4


			4









The channel quality bits in Table 5.2.2.6.2-1 through Table 5.2.2.6.2-2 form the bit sequence 
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 corresponding to the first bit of the first field in each of the tables, 
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 corresponding to the second bit of the first field in each of the tables, and 
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 corresponding to the last bit in the last field in each of the tables, where the order of the field shall be from top to bottom. The field of the PMI and sub-band differential CQI shall be in the increasing order of the sub-band index [3]. The first bit of each field corresponds to MSB and the last bit LSB.



5.2.2.6.3 Channel quality information formats for UE selected subband CQI reports



Table 5.2.2.6.3-1 shows the fields and the corresponding bit widths for the channel quality information feedback for UE selected subband CQI report (mode 2-0 subclause 7.2.1 [3]), for PDSCH transmissions over single antenna port, transmit diversity and open loop spatial multiplexing. 
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 in Table 5.2.2.6.3-1 is defined in subclause 7.2.1 [3] and 
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 is defined in [2].



Table 5.2.2.6.3-1: Fields for channel quality information (CQI) feedback for UE selected subband CQI reports 
(single antenna port, transmit diversity and open loop spatial multiplexing PDSCH transmission)


			Field


			Bitwidth





			Wide-band CQI codeword


			4





			Sub-band differential CQI


			2





			Position of the M selected subbands
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Table 5.2.2.6.3-2 shows the fields and the corresponding bit widths for the channel quality information feedback for UE selected subband CQI report (mode 2-2, subclause 7.2.1 [3]), for PDSCH transmissions over closed loop spatial multiplexing.
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 in Table 5.2.2.6.3-2 is defined in subclause 7.2.1 [3].



Table 5.2.2.6.3-2: Fields for channel quality information (CQI) feedback for UE selected subband CQI reports 
(closed loop spatial multiplexing PDSCH transmission)


			Field


			Bitwidth





			


			2 antenna ports


			4 antenna ports





			


			Rank = 1





			Rank = 2





			


Rank = 1


			Rank > 1








			Wide-band CQI codeword 0


			4


			4


			4


			4





			Sub-band differential CQI codeword 0


			2


			2


			2


			2





			Wide-band CQI codeword 1


			0


			4


			0


			4





			Sub-band differential CQI codeword 1


			0


			2


			0


			2





			Position of the M selected subbands
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			Precoding matrix indication
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The channel quality bits in Table 5.2.2.6.3-1 through Table 5.2.2.6.3-2 form the bit sequence 
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 corresponding to the first bit of the first field in each of the tables, 
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 corresponding to the last bit in the last field in each of the tables, where the order of the field shall be from top to bottom. The field of PMI shall be in the increasing order of the sub-band index [3], wideband PMI followed by the PMI for the M selected sub-band. The first bit of each field corresponds to MSB and the last bit LSB.



5.2.2.7 
Data and control multiplexing


The control and data multiplexing is performed such that HARQ-ACK information is present on both slots and is mapped to resources around the demodulation reference signals. In addition, the multiplexing ensures that control and data information are mapped to different modulation symbols. 



The inputs to the data and control multiplexing are the coded bits of the control information denoted by 
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and the coded bits of the UL-SCH denoted by 
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. The output of the data and control multiplexing operation is denoted by 
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, where 
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 are column vectors of length 
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. H is the total number of coded bits for transmission.



Denote the number of SC-FDMA symbols per subframe for PUSCH transmission by 
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The control information and the data shall be multiplexed as follows:



Set i, j, k to 0



while 
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end while



while 
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 -- then place the data
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end while



5.2.2.8 
Channel interleaver



The channel interleaver described in this subclause in conjunction with the resource element mapping for PUSCH in [2] implements a time-first mapping of modulation symbols onto the transmit waveform while ensuring that the HARQ-ACK information is present on both slots in the subframe and is mapped to resources around the uplink demodulation reference signals. 



The bits input to the channel interleaver are denoted by 
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, where 
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 is the number of modulation symbols in the subframe. The output bit sequence from the channel interleaver is derived as follows:
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Assign 
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 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2,…,
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(2)
The number of rows of the matrix is 
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The rows of the rectangular matrix are numbered 0, 1, 2,…, 
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(3)
Write the input vector sequence, i.e., 
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(4) If HARQ-ACK information is transmitted in this subframe, the vector sequence 
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 is written onto the columns indicated by Table 5.2.2.8-1, and by sets of Qm rows starting from the last row and moving upwards. Note that this operation overwrites some of the channel interleaver entries obtained in step (3). 


(5)
The output of the block interleaver is the bit sequence read out column by column from the 
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 matrix. The bits after channel interleaving are denoted by 
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Table 5.2.2.8-1: Column set for Insertion of HARQ-ACK information



			CP configuration


			SRS configuration


			Column Set





			Normal


			No SRS


			{2, 3, 8, 9}





			


			First SC-FDMA symbol


			{1, 2, 7, 8}





			


			Last SC-FDMA symbol


			{2, 3, 8, 9}





			Extended


			No SRS


			{2, 3, 7, 8}





			


			First SC-FDMA symbol


			{1, 2, 6, 7}





			


			Last SC-FDMA symbol


			{2, 3, 7, 8}








5.2.3
Uplink control information on PUCCH


Data arrives to the coding unit in form of indicators for measurement indication, scheduling request and HARQ acknowledgement. 



Three forms of channel coding are used, one for the channel quality information (CQI), another for HARQ-ACK (acknowledgement) and scheduling request and another for combination of channel quality information (CQI) and HARQ-ACK. 
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Figure 5.2.3-1: Processing for UCI


5.2.3.1
Channel coding for UCI HARQ-ACK



The HARQ acknowledgement bits are received from higher layers. Each positive acknowledgement (ACK) is encoded as a binary ‘0’ and each negative acknowledgement (NAK) is encoded as a binary ‘1’. The HARQ-ACK bits are processed according to [2]. 


5.2.3.2
Channel coding for UCI scheduling request



The scheduling request indication is received from higher layers and is processed according to [2].


5.2.3.3
Channel coding for UCI channel quality information



The channel quality bits input to the channel coding block are denoted by  
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 where A is the number of bits. The number of channel quality bits depends on the transmission format as indicated in subclause 5.2.3.3.1 for wideband reports and in subclause 5.2.3.3.2 for UE-selected subbands reports. 



The channel quality indication is coded using a (20, A) code. The code words of the (20, A) code are a linear combination of the [14] basis sequences denoted Mi,n and defined in Table 5.2.3.3-1.



Table 5.2.3.3-1: Basis sequences for (20, A) code


			i


			Mi,0


			Mi,1


			Mi,2


			Mi,3


			Mi,4


			Mi,5


			Mi,6


			Mi,7


			Mi,8


			Mi,9


			Mi,10


			Mi,11


			Mi,12


			Mi,13





			0


			1


			1


			0


			0


			0


			0


			0


			0


			0


			0


			1


			1


			0


			0





			1


			1


			1


			1


			0


			0


			0


			0


			0


			0


			1


			1


			1


			0


			0





			2


			1


			0


			0


			1


			0


			0


			1


			0


			1


			1


			1


			1


			1


			1





			3


			1


			0


			1


			1


			0


			0


			0


			0


			1


			0


			1


			1


			1


			1





			4


			1


			1


			1


			1


			0


			0


			0


			1


			0


			0


			1


			1


			1


			1





			5


			1


			1


			0


			0


			1


			0


			1


			1


			1


			0


			1


			1


			1


			0





			6


			1


			0


			1


			0


			1


			0


			1


			0


			1


			1


			1


			1


			1


			0





			7


			1


			0


			0


			1


			1


			0


			0


			1


			1


			0


			1


			1


			1


			1





			8


			1


			1


			0


			1


			1


			0


			0


			1


			0


			1


			1


			1


			1


			1





			9


			1


			0


			1


			1


			1


			0


			1


			0


			0


			1


			1


			1


			1


			1





			10


			1


			0


			1


			0


			0


			1


			1


			1


			0


			1


			1


			1


			1


			1





			11


			1


			1


			1


			0


			0


			1


			1


			0


			1


			0


			1


			1


			1


			1





			12


			1


			0


			0


			1


			0


			1


			0


			1


			1


			1


			1


			1


			1


			1





			13


			1


			1


			0


			1


			0


			1


			0


			1


			0


			1


			1


			1


			1


			1





			14


			1


			0


			0


			0


			1


			1


			0


			1


			0


			0


			1


			0


			1


			1





			15


			1


			1


			0


			0


			1


			1


			1


			1


			0


			1


			1


			0


			1


			1





			16


			1


			1


			1


			0


			1


			1


			1


			0


			0


			1


			0


			1


			1


			1





			17


			1


			0


			0


			1


			1


			1


			0


			0


			1


			0


			0


			1


			1


			1





			18


			1


			1


			0


			1


			1


			1


			1


			1


			0


			0


			0


			0


			0


			1





			19


			1


			0


			0


			0


			0


			1


			1


			0


			0


			0


			0


			0


			0


			1








After encoding the bits are denoted by 
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 where i = 0, 1, 2, …, B-1.



5.2.3.3.1
Channel quality information formats for wideband reports



Table 5.2.3.3.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for wideband reports for PDSCH transmissions over a single antenna port or with open loop spatial multiplexing. 



Table 5.2.3.3.1-1: UCI fields for channel quality information (CQI) feedback for wideband reports 
(single antenna port or open loop spatial multiplexing PDSCH transmission)


			Field


			Bitwidth





			Wide-band CQI


			4









Table 5.2.3.3.1-2 shows the fields and the corresponding bit widths for the channel quality and precoding matrix information feedback for wideband reports for PDSCH transmissions with closed loop spatial multiplexing. 



Table 5.2.3.3.1-2: UCI fields for channel quality and precoding information (CQI/PMI) feedback for wideband reports (closed loop spatial multiplexing PDSCH transmission)



			Field


			Bitwidths





			


			2 antenna ports


			4 antenna ports





			


			Rank = 1


			Rank = 2


			Rank = 1


			Rank > 1





			Wide-band CQI


			4


			4


			4


			4





			Spatial differential CQI


			0


			3


			0


			3





			Precoding matrix indication


			2 or 3


			1 or 2


			4


			4









Table 5.2.3.3.1-3 shows the fields and the corresponding bit widths for the rank indication feedback for wideband reports for PDSCH transmissions for open and closed loop spatial multiplexing.



Table 5.2.3.3.1-3: UCI fields for rank indication (RI) feedback for wideband reports 



			Field


			Bitwidths





			


			2 antenna ports


			4 antenna ports





			


			


			Max 2 layers


			Max 4 layers





			Rank indication


			1


			1


			2









The channel quality bits in Table 5.2.3.3.1-1 through Table 5.2.3.3.1-3 form the bit sequence 
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 corresponding to the last bit in the last field in each of the tables, where the order of the field shall be from top to bottom. The first bit of each field corresponds to MSB and the last bit LSB.


5.2.3.3.2
Channel quality information formats for UE-selected sub-band reports



Table 5.2.3.3.2-1 shows the fields and the corresponding bit widths for the sub-band channel quality information feedback for UE-selected sub-band reports for PDSCH transmissions over a single antenna port or with open loop spatial multiplexing. 



Table 5.2.3.3.2-1: UCI fields for channel quality information (CQI) feedback for UE-selected sub-band reports (single antenna port or open loop spatial multiplexing PDSCH transmission)


			Field


			Bitwidth





			Sub-band CQI


			4





			Sub-band label


			1 or 2









Table 5.2.3.3.2-2 shows the fields and the corresponding bit widths for the sub-band channel quality information feedback for UE-selected sub-band reports for PDSCH transmissions with closed loop spatial multiplexing.


Table 5.2.3.3.2-2: UCI fields for channel quality information (CQI) feedback for UE-selected sub-band reports (closed loop spatial multiplexing PDSCH transmission)



			Field


			Bitwidths





			


			2 antenna ports


			4 antenna ports





			


			Rank = 1


			Rank = 2


			Rank = 1


			Rank > 1





			Sub-band CQI


			4


			4


			4


			4





			Spatial differential CQI


			0


			3


			0


			3





			Sub-band label


			1 or 2


			1 or 2


			1 or 2


			1 or 2









Table 5.2.3.3.2-3 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding matrix information feedback for UE-selected sub-band reports for PDSCH transmissions with closed loop spatial multiplexing.



Table 5.2.3.3.2-3: UCI fields for channel quality and precoding information (CQI/PMI) feedback for UE-selected sub-band reports (closed loop spatial multiplexing PDSCH transmission)



			Field


			Bitwidths





			


			2 antenna ports


			4 antenna ports





			


			Rank = 1


			Rank = 2


			Rank = 1


			Rank > 1





			Wide-band CQI


			4


			4


			4


			4





			Spatial differential CQI


			0


			3


			0


			3





			Precoding matrix indication


			2 or 3


			1 or 2


			4


			4









Table 5.2.3.3.2-4 shows the fields and the corresponding bit widths for the rank indication feedback for UE-selected sub-band reports for PDSCH transmissions for open and closed loop spatial multiplexing.



Table 5.2.3.3.2-4: UCI fields for rank indication (RI) feedback for UE-selected sub-band reports 



			Field


			Bitwidths





			


			2 antenna ports


			4 antenna ports





			


			


			Max 2 layers


			Max 4 layers





			Rank indication


			1


			1


			2









The channel quality bits in Table 5.2.3.3.2-1 through Table 5.2.3.3.2-4 form the bit sequence 
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 corresponding to the second bit of the first field in each of the tables, and 
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 corresponding to the last bit in the last field in each of the tables, where the order of the field shall be from top to bottom. The first bit of each field corresponds to MSB and the last bit LSB.


5.2.3.4
Channel coding for UCI channel quality information and HARQ-ACK



This section defines the channel coding scheme for the simultaneous transmission of channel quality information and HARQ-ACK information in a subframe. 



When normal CP is used for uplink transmission, the channel quality information is coded according to subclause 5.2.3.3 with input bit sequence 
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 and output bit sequence 
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, where 
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. The HARQ acknowledgement bits are denoted by 
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 in case two HARQ acknowledgement bits are reported per subframe. Each positive acknowledgement (ACK) is encoded as a binary ‘0’ and each negative acknowledgement (NAK) is encoded as a binary ‘1’.



The output of this channel coding block for normal CP is denoted by 
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In case one HARQ acknowledgement bit is reported per subframe:
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In case two HARQ acknowledgement bits are reported per subframe:
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When extended CP is used for uplink transmission, the channel quality information and the HARQ-ACK acknowledgement bits are jointly coded. The HARQ acknowledgement bits are denoted by 
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 in case two HARQ acknowledgement bits are reported per subframe. 



In case one HARQ acknowledgment bit is reported in the subframe, we define 
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In case two HARQ acknowledgment bits are reported in the subframe, we define 
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The bit sequence 
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end while



The coded bit sequence 


[image: image141.wmf]1



1



0



,...,



,



-



ACK



A



a



a



a



 is multiplexed with the channel quality information denoted by 


[image: image142.wmf]1



3



2



1



0



,...,



,



,



,



-



¢



¢



¢



¢



¢



¢



A



a



a



a



a



a



 to yield the sequence 


[image: image143.wmf]1



3



2



1



0



,...,



,



,



,



-



A



a



a



a



a



a



 where



[image: image144.wmf]1



,...,



0



 



,



-



¢



=



¢



=



+



A



i



a



a



i



i



A



ACK






and 


[image: image145.wmf](



)



A



A



A



ACK



¢



+



=



.



The sequence 
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 is encoded according to section 5.2.3.3 to yield the output bit sequence 
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5.3.3
Downlink control information


A DCI transports downlink or uplink scheduling information, or uplink power control commands for one MAC ID.  The MAC ID is implicitly encoded in the CRC.



Figure 5.3.3-1 shows the processing structure for the DCI. The following coding steps can be identified:



· Information element multiplexing



· CRC attachment



· Channel coding



· Rate matching



The coding steps for DCI are shown in the figure below. 
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Figure 5.3.3-1: Processing for DCI


5.3.3.1
DCI formats


The information fields are multiplexed according to the order they are listed in each DCI format. The first bit of each information field corresponds to MSB.



5.3.3.1.1
Format 0



DCI format 0 is used for the transmission of UL-SCH assignments. 



The following information is transmitted by means of the DCI format 0:



- Flag for format0/format1A differentiation – 1 bit



- Hopping flag – 1 bit



- Resource block assignment and hopping resource allocation – 
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 bits




- For PUSCH hopping:





- NUL_hop bits are used to obtain the value of 
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 as indicated in subclause [8.4] of [3] 
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 bits provide the resource allocation of the first slot in the UL subframe



- For non-hopping PUSCH:
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 bits provide the resource allocation of the first slot in the UL subframe



- Modulation and coding scheme and redundancy version – 5 bits



- New data indicator – 1 bit



- TPC command for scheduled PUSCH – 2 bits



- [Cyclic shift for DM RS – 3 bits]



- UL index (this field just applies to TDD operation)



- CQI request – 1 bit



5.3.3.1.2
Format 1



DCI format 1 is used for the transmission of DL-SCH assignments for SIMO operation. 



The following information is transmitted by means of the DCI format 1:



- 



- Resource allocation header (resource allocation type 0 / type 1) – 1 bit



- Resource block assignment:



- For resource allocation type 0 [3], 
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- For resource allocation type 1 [3], 



- 


[image: image155.wmf](



)



é



ù



P



2



log



 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset



- 1 bit indicates a shift of the resource allocation span



- 


[image: image156.wmf]é



ù



(



)



é



ù



(



)



1



log



/



2



DL



RB



-



-



P



P



N



 bits provide the resource allocation



where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]



- Modulation and coding scheme – 5 bits



- HARQ process number – 3 bits (FDD) , 4 bits (TDD)



- New data indicator – 1 bit



- Redundancy version – 2 bits



- TPC command for PUCCH – 2 bits



5.3.3.1.3
Format 1A



DCI format 1A is used for a compact transmission of DL-SCH assignments for SIMO operation. 



The following information is transmitted by means of the DCI format 1A:



- Flag for format0/format1A differentiation – 1 bit



- Distributed transmission flag – 1 bit



- Resource block assignment


- Modulation and coding scheme – 5bits



- HARQ process number – 3 bits (FDD) , 4 bits (TDD)



- New data indicator – 1 bit



- Redundancy version – 2 bits



- TPC command for PUCCH – 2 bits



5.3.3.1.4
Format 2



DCI format 2 is used for the transmission of DL-SCH assignments for MIMO operation. 



The following information is transmitted by means of the DCI format 2:



In general: 



- Resource allocation header (resource allocation type 0 / type 1) – 1 bit



- Resource block assignment:



- For resource allocation type 0 [3], 



- 
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 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset 



- 1 bit indicates a shift of the resource allocation span
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 bits provide the resource allocation



where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]



- TPC command for PUCCH – 2 bits



- Number of layers – 2 bits



- HARQ process number - 3 bits (FDD), 4 bits (TDD)



- HARQ swap flag – 1 bit



- Precoding information – 



- Precoding confirmation – 1 bit



For the first codeword: 



- Modulation and coding scheme – 5 bits



- New data indicator – 1 bit



- Redundancy version – 2 bits



For the second codeword:



- Modulation and coding scheme – [5]3 bits


- New data indicator – 1 bit



- Redundancy version – 2 bits



5.3.3.1.5
Format 3



DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments. 



The following information is transmitted by means of the DCI format 3:



- TPC command for user 1, user 2,…, user N


5.3.3.1.6
Format 3A



DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power adjustments. 



The following information is transmitted by means of the DCI format 3A:



- TPC command for user 1, user 2,…, user 2N


5.3.3.2
CRC attachment


Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 



The entire PDCCH payload is used to calculate the CRC parity bits. Denote the bits of the PDCCH payload by
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. A is the PDCCH payload size and L is the number of parity bits.



The parity bits are computed and attached according to subclause 5.1.1 setting L to [16] bits, resulting in the sequence
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, where B = A+ L. After the attachment, the CRC bits are scrambled with the UE identity 
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for k = 0, 1, 2, …, A-1
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for k = A, A+1, A+2,..., A+15. 



5.3.3.3
Channel coding


Information bits are delivered to the channel coding block. They are denoted by 
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 , where K is the number of bits, and they are tail biting convolutionally encoded according to subclause 5.1.3.1. 


After encoding the bits are denoted by 
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, and where D is the number of bits on the i-th coded stream, i.e., 
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5.3.3.4
Rate matching



A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by 
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, and where i is the coded stream index and D is the number of bits in each coded stream. This coded block is rate matched according to subclause 5.1.4.2.



After rate matching, the bits are denoted by 
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, where E is the number of rate matched bits. 
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