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7.1.6

Resource allocation 

The UE shall interpret the resource allocation field depending on the PDCCH DCI format detected.  A resource allocation field in each PDCCH includes two parts, a resource allocation header field and information consisting of the actual resource block assignment. PDCCH DCI formats 1, 2 and 2A with type 0 and PDCCH DCI formats 1, 2 and 2A with type 1 resource allocation have the same format and are distinguished from each other via the single bit resource allocation header field which exists depending on the downlink system bandwidth (section 5.3.3.1 of [4]), where type 0 is indicated by 0 value and type 1 is indicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have a type 2 resource allocation while PDCCH with DCI format 1, 2 and 2A have type 0 or type 1 resource allocation. PDCCH DCI formats with a type 2 resource allocation do not have a resource allocation header field.

7.1.6.1
Resource allocation type 0

In resource allocations of type 0, resource block assignment information includes a bitmap indicating the resource block groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks (PRBs). Resource block group size (P) is a function of the system bandwidth as shown in Table 7.1.6.1-1.  The total number of RBGs (
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.  The bitmap is of size 
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping is in such way that RBG 0 to RBG
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 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
Table 7.1.6.1-1: Type 0 Resource Allocation RBG Size vs. Downlink System Bandwidth

	System Bandwidth
	RBG Size
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	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


7.1.6.2
Resource allocation type 1

In resource allocations of type 1, a resource block assignment information of size 
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 indicates to a scheduled UE the PRBs from the set of PRBs from one of P RBGsubsets. Also P is the RBGsize associated with the system bandwidth as shown in Table 7.1.6.1-1. A RBG subset 
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. The resource block assignment information consists of three fields [4]. 
The first field with 
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bits is used to indicate the selected RBG subset among 
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 RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1 indicates shift is triggered. Shift is not triggered otherwise.
The third field includes a bitmap, where each bit of the bitmap addresses a single PRB in the selected RBG subset in such a way that MSB to LSB of the bitmap are mapped to the PRBs in the increasing frequency order. The PRB is allocated to the UE if the corresponding bit value in the bit field is 1, the PRB is not allocated to the UE otherwise.  The portion of the bitmap used to address PRBs in a selected RBG subset has size 
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The addressable PRB numbers of a selected RBG subset start from an offset, 
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 to the smallest PRB number within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset is in terms of the number of PRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource allocation span is set to 0, the offset for RBG subset 
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 is given by 
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, where the LSB of the bitmap is justified with the highest PRB number within the selected RBG subset. 
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is the number of PRBs in RBG subset 
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Consequently, when RBG subset 
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 is indicated, bit 
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7.1.6.3
Resource allocation type 2

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource allocation signalled with PDCCH DCI format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource blocks are assigned (value 0 indicates Localized and value 1 indicates Distributed VRB assignment) while distributed virtual resource blocks are always assigned in case of resource allocation signalled with PDCCH DCI format 1C. Localized VRB allocations for a UE vary from a single VRB up to a maximum number of VRBs spanning the system bandwidth. For DCI format 1A the distributed VRB allocations for a UE vary from a single VRB up to 
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 is defined in [3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI format 1B, 1D, or 1A with a CRC scrambled with C-RNTI, distributed VRB allocations for a UE vary from a single VRB up to 
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 VRBs if 
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 is 6-49 and vary from a single VRB up to 16 if 
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. Distributed VRB allocations for a UE vary from 
[image: image37.wmf]step

RB

N

 VRB(s) up to 
[image: image38.wmf]ë

û

step

RB

step

RB

DL

VRB

/

N

N

N

×

 VRBs with an increment step of 
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 value is determined depending on the downlink system bandwidth as shown in Table 7.1.6.3-1.
Table 7.1.6.3-1: 
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 values vs. Downlink System Bandwidth

	System BW (
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	DCI format 1A, or 1B
	DCI format 1C

	6-49
	1
	2

	50-110
	1
	4


A type 2 resource block assignment field consists of a resource indication value (RIV) corresponding to a starting resource block (
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where 
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7.1.7

Modulation order and transport block size determination 
To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall first

· read the 5-bit “modulation and coding scheme” field (
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) in the DCI
and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then

· for DCI format 1A:

· set the Table 7.1.7.2.1-1 column indicator
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 to 
[image: image61.wmf]1A

PRB

N

from Section 5.3.3.1.3 in [4] 
· for DCI format 1C:
· 
use Table 7.1.7.2.3-1 for determining its transport block size.
else 
· set the Table 7.1.7.2.1-1 column indicator 
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to the total number of allocated PRBs based on the procedure defined in Section 7.1.6.

The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits) divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the UE shall send a NAK.
7.1.7.1
Modulation order determination
The UE shall use 
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= 2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, otherwise, the UE shall use
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and Table 7.1.7.1-1 to determine the modulation order (
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) used in the physical downlink shared channel.
Table 7.1.7.1-1: Modulation and TBS index table for PDSCH
	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	6
	15

	18
	6
	16

	19
	6
	17

	20
	6
	18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26

	29
	2
	reserved

	30
	4
	

	31
	6
	


7.1.7.2
Transport block size determination
If the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then 
· for DCI format 1A: 
· the UE shall set the TBS index (
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) equal to 
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 and determine its TBS by the procedure in Section 7.1.7.2.1. 
· for DCI format 1C: 
· the UE shall set the TBS index (
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) equal to 
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and determine its TBS from Table 7.1.7.2.3-1.
else

· for
[image: image74.wmf]28

0

MCS

£

£

I

, the UE shall first determine the TBS index (
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) using
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and Table 7.1.7.1-1 except if the transport block is disabled in DCI formats 2 and 2A as specified below. For a transport block that is not mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Section 7.1.7.2.1. For a transport block that is mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Section 7.1.7.2.2. For
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, the TBS is assumed to be as determined from DCI transported in the latest PDCCH for the same transport block using 
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· In DCI formats 2 and 2A a transport block is disabled if 
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 and if rvidx = 1 otherwise the transport block is enabled.
7.1.7.2.3
Transport blocks mapped for DCI Format 1C
The TBS is given by the
[image: image80.wmf]TBS
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entry of Table 7.1.7.2.3-1.

Table 7.1.7.2.3-1: Transport Block Size Table for DCI format 1C
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TBS
	40
	56
	72
	120
	136
	144
	176
	208
	224
	256
	280
	296
	328
	336
	392
	488
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	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	TBS
	552
	600
	632
	696
	776
	840
	904
	1000
	1064
	1128
	1224
	1288
	1384
	1480
	1608
	1736


Start of the text ----------------------------------------------------------------------
9.1.1  
PDCCH Assignment Procedure
The control region consists of a set of CCEs, numbered from 0 to 
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 according to Section 6.8.2 in [3], where 
[image: image84.wmf]k

N

,

CCE

 is the total number of CCEs in the control region of subframe 
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. The UE shall monitor a set of PDCCH candidates for control information in every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCHs in the set according to all the monitored DCI formats. The UE is not required to decode control information on a PDCCH if the channel-code rate is larger than 3/4, where channel-code rate is defined as number of downlink control information bits (including RNTI) divided by the number of physical channel bits on the PDCCH.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space 
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 is defined by a set of PDCCH candidates. The CCEs corresponding to PDCCH candidate m of the search space 
[image: image88.wmf])

(

L

k

S

 are given by


[image: image89.wmf](

)

{

}

CCE,

mod/

kk

LYmNLi

êú

×++

ëû


where
[image: image90.wmf]k

Y

 is defined below, 
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 is the number of PDCCH candidates to monitor in the given search space.

The UE shall monitor one common search space at each of the aggregation levels 4 and 8 and one UE-specific search space at each of the aggregation levels 1, 2, 4, 8. The common and UE-specific search spaces may overlap. 

The aggregation levels defining the search spaces and the DCI formats that the UE shall monitor the respective search spaces are listed in Table 9.1.1-1. The notation 3/3A implies that the UE shall monitor DCI formats 3 or 3A as determined by the configuration. The DCI formats that the UE shall monitor in the UE specific search spaces is a subset of those listed in Table 9.1.1-1 and depend on the configured transmission mode as defined in Section 7.1.

Table 9.1.1-1: PDCCH candidates monitored by a UE.

	Search space 
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	Number of PDCCH candidates 
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	DCI formats

	Type
	Aggregation level 
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	Size [in CCEs]
	
	

	UE-specific
	1
	6
	6
	0, 1, 1A,1B, 1D, 2, 2A

	
	2
	12
	6
	

	
	4
	8
	2
	

	
	8
	16
	2
	

	Common
	4
	16
	4
	0, 1A, 1C, 3/3A

	
	8
	16
	2
	


For the common search spaces, 
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is set to 0 for the two aggregation levels 
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For the UE-specific search space 
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