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1 Introduction
In RAN1#54 meeting, it was agreed to use 5 bits TBS indication in format 1C. It was also agreed contents of format 1A for common control channel. However, the following is still open. 

· Detail of TBS indication method for format 1C and 1A for common control channel
· Whether to rename format 1A for common channel to format 1E

In this contribution, our views on above issues are described. Proposed changes for TS36.212 and 213 are also shown in the end.
2 TBS indication in DCI for common control channel 
Format 1C 
It has been proposed in the email reflector to indicate TBS values in column 2. However, there are only 27 values in each column while 32 states (i.e. 5bits) are available in the TBS indication filed. Therefore, it is useful to indicate 5 values in addition to TBSs in column 2. We suggest to indicate TBS values in column 2 and ITBS=22 to 26 in column 3. As format 1A for the common channel supports the TBS column 3 with a bracket in 36.212, the maximum supportable payload size for common channel would not be increased by this scheme
Table 1 TBS table in TS36.213
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480


Format 1A 
It has been suggested that 1bit field indicates column 2 or column 3 (i.e. 
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=2 or 3) and 5bits TBS field indicates TBS value in the indicated column [1]. The following is the current description in TS36.212. 
The flag for format0/format1A differentiation bit indicates column 
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of the TBS table defined in [3].



 - If flag for format0/format1A differentiation bit is 0 then 
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Similar to format 1C above explained, additional 5 values (e.g. TBS values in column 4) can be indicated by the 5 bits field because there are only 27 values in each column of the TBS table. However, it is not preferable to extend the maximum value for common control channel from UE complexity point of view because UE needs to be able to receive simultaneously common control channel especially on BCCH and unicast data. 
Therefore we suggest to keep the TBS indication scheme for format 1A and just to remove the square brackets. 
3 Renaming of format 1A for common control channel

It has been discussed in the email reflector whether to rename format 1A for common control channel to format 1E. Since the contents of format 1A for common control channel is totally different from format 1A for unicast data, we suggest to rename it to format 1E. As LTE is a base for the extension of future release like LTE-Advanced, proper naming of the control channel is essential in our view. If RAN1 does not change the name now, the specification would become very complicated in future.
The content of format 1E is as follows. The field name is changed but the content itself is not changed from agreed one. Note that the size of format 1E should be same as format 0/1A/3/3A.  
· Localized/distributed flag – 1bit

· Resource assignment – 
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· Gap indication – 1bit

· TBS column indication (
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=2 or 3) – 1bit

· TBS indication – 5bits

· Redundancy version – 2bits

· Reserved – 5bits for FDD, 8bits for TDD

Additionally, it is necessary to discuss how the reserved field is defined for the future release. This should be concluded in release 8 on how future release UE interprets release 8 network. We see two possibilities. 

Alternative 1:  BCCHs like SIB1 or SIB2 indicate whether reserved bits are used or not.
Alternative 2: One bit in the reserved field indicates whether the remaining reserved bits are used or not.  

Although the merit of alternative 2 is the reserved bits can be used for a function before the reception of broadcast message in future release, we think alternative 1 is sufficient. If the function before broadcast message is required, this can be signalled by the reserved bits in PBCH[2].  
4 Conclusion
In this contribution, the TBS indication method for the PDCCH for the common control channels is proposed. 
· For format 1C, it is proposed to indicate all TBS values in column 2 and ITBS=22 to 26 in column 3 from the single‑layer TBS table . 
· For format 1A, further extension of the maximum TBS is not preferable from a UE complexity point of view. Therefore, we suggest to keep the TBS indication scheme for format 1A as in the current spec.  
In addition, since the content of format 1A for the common control channels is totally different from the content of format 1A for unicast data, we suggest to define a new format 1E for the common control channel part of format 1A. 
The required changes reflecting the above proposals for TS 36.212 and TS 36.213 are shown in the Annex. 

Furthermore, we propose to indicate whether reserved bits in format 1E are used or not in BCCH like SIB1 or SIB2. 
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Annex: proposed changes for TS 36.212 and 36.213

TS 36.212 V8.4.0

5.3.3.1.3
Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword. 

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

- Flag for format0/format1A differentiation – 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A










- Localized/Distributed VRB assignment flag – 1 bit as defined in 7.1.6.3 of [3]

- Resource block assignment – 
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bits as defined in section 7.1.6.3 of [3]:

- For localized VRB: 
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bits provide the resource allocation
- For distributed VRB: 

- For 
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- For 
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- 1 bit, the MSB indicates the gap value, where value 0 indicates 
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 and value 1 indicates 
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 bits provide the resource allocation 
- Modulation and coding scheme – 5bits as defined in section 7.1.7 of [3]

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

- New data indicator – 1 bit








- Redundancy version – 2 bits

- TPC command for PUCCH – 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (this field just applies to TDD operation and is not present in FDD) – 2 bits

If the number of information bits in format 1A is less than for format 0, zeros shall be appended to format 1A until the payload size equals that of format 0. 
If the number of information bits in format 1A belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be appended to format 1A.





--------- next change ---------

5.3.3.1.4B
Format 1E

DCI format 1E is used for the compact scheduling of one PDSCH codeword. 

The following information is transmitted by means of the DCI format 1E:
- Localized/Distributed VRB assignment flag – 1 bit as defined in 7.1.6.3 of [3]

- Resource block assignment – 
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bits as defined in section 7.1.6.3 of [3]:
- Gap indicator – 1 bit, where where value 0 indicates 
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 and value 1 indicates 
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- Transport block size – 5bits as defined in section 7.1.7 of [3]
- TBS column indicator – 1 bit, where value 0 indicates 
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 and value 1 indicates 
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- Redundancy version – 2 bits

- Reserved – 5 bits for FDD, 8 bits for TDD

If the number of information bits in format 1E is less than for format 0, zeros shall be appended to format 1E until the payload size equals that of format 0. 
If the number of information bits in format 1E belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be appended to format 1E.

TS 36.213 V8.4.0

7.1
UE procedure for receiving the physical downlink shared channel
A UE shall upon detection of a PDCCH with DCI format 1, 1A, 1B, 1C, 1D, 1E, 2 or 2A intended for the UE in a subframe, decode the corresponding PDSCH in the same subframe. A UE shall receive PDSCH broadcast control transmissions, [namely Paging, RACH Response, and BCCH] associated with DCI formats 1E or 1C signalled by a PDCCH in the common search spaces.  Additionally, the UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via PDCCH UE specific search spaces, based on one of the following transmission modes:

1. Single-antenna port; port 0
2. Transmit diversity

3. Open-loop spatial multiplexing

4. Closed-loop spatial multiplexing

5. Multi-user MIMO
6. Closed-loop Rank=1 precoding

7. Single-antenna port; port 5
A UE not configured to receive PDSCH data transmissions based on one of the transmission modes may receive PDSCH data transmissions with DCI format 1A signalled by a PDCCH in its UE specific search spaces or the common search spaces.

A UE semi-statically configured with a transmission mode shall receive PDSCH data transmissions associated with a reference DCI format signalled by a PDCCH in its UE specific search spaces based on Table 7.1-1.  In the case of transmission modes 1, 2, and 7 a UE shall receive PDSCH data transmissions associated with reference DCI formats 1 or 1A in its UE specific search spaces or DCI format 1A in the common search spaces.   A UE with reference DCI format 1B or 2 may also receive PDSCH data transmissions associated with DCI format 1A signalled by a PDCCH in its UE specific search spaces or the common search spaces.  A UE shall be configured to use the PUCCH or PUSCH feedback mode corresponding to its reference DCI format.

Table 7.1-1: Reference DCI Format(s) supported by each Transmission Mode

	Transmission Mode
	Reference DCI Format

	
	

	1
	1, 1A

	2
	1, 1A

	3
	2A

	4
	2

	5
	1D

	6
	1B

	7
	1, 1A


------------ next change ------------
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, 1D and 1E 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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	(P)

	≤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 
[image: image41.wmf]é

ù

)

(

log

2

P

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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, 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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and can be calculated by the following equation, 
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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, 1D or 1E, 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. With PDCCH DCI format 1A, 1B or 1D, distributed VRB allocations for a UE vary from a single VRB up to 
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 is defined in [3]. Distributed VRB allocations for a UE vary from 
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 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, 1B, 1D or 1E
	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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and second
· for DCI format 1E:

· set the Table 7.1.7.2.1-1 column indicator
[image: image84.wmf]PRB

N

 to 

[image: image86.wmf]1E

PRB

N

from Section 5.3.3.1.3 in [4] 
· for DCI format 1C:
· 

if 
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· set the Table 7.1.7.2.1-1 column indicator 
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 to 2
else 
· set the Table 7.1.7.2.1-1 column indicator 
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 to 3 

· otherwise, 
· 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 for DCI format 1C or 1E, 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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Q

) 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
For DCI format 1E:  

· the UE shall set the TBS index (
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) equal to 
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For DCI format 1C: 
· for 
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, the UE shall set the TBS index (
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) equal to 
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. For 
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, the UE shall set the TBS index (
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) equal to 
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. 

Otherwise:
· for
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, the UE shall first determine the TBS index (
[image: image107.wmf]TBS
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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.
------------ next change ------------
9
Physical downlink control channel procedures

9.1
UE procedure for determining physical downlink control channel assignment

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: image113.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 
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where
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 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, 1E, 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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, the variable 
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