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1. Introduction
This document discusses possible ambiguities in LTE specifications in 36.212 relating to the description of padding bits added to DCI formats 0, 1, and 1A. This situation arises in the case of carrier aggregation where additional bits are configured for 0 and 1A.  
2. Background

In LTE Release 8 and 9 padding bits are added to DCI format 0 as required in order to ensure that it has the same size as DCI format 1A. Alternatively, to cover the (so far theoretical) possibility of asymmetric UL and DL system bandwidths  padding bits are added to DCI format 1A as required to ensure that it has the same size as DCI format 0. Furthermore a padding bit is added to DCI format 1 if required to ensure that it has a different size to format 1A.

Further padding bits are added to avoid Ambiguous Sizes of Information Bits in Table 5.3.3.1.2-1 in 36.212. 
In LTE Release 10, DCI formats can now be configured with a 3 bit carrier indicator and some existing DCI formats have been modified as follows:

· DCI format 0 has been extended by 1 bit with a multi-cluster flag, and may be configured with an additional bit for CSI triggering with CA, and another additional bit for SRS triggering. 

· DCI format 1A may also be configured with an additional bit for SRS triggering. 

We note that the carrier indicator flag and additional bits for CSI and SRS triggering can only be present in DCI formats which are mapped onto the “UE specific by C-RNTI search space”. Therefore, in general, DCI formats 0 and 1A can have different sizes in UE specific and common search spaces due to the configuration of the carrier indicator field or additional bits for CSI and SRS triggering.
3. Discussion and conclusions
From the above it is apparent that padding may need to be applied differently to DCI formats 0 and 1A depending on whether they are intended for transmission the UE specific search space or the common search space. However, the current Release 10 specifications do not explicitly provide for this. 

In addition, when carrier aggregation is configured with cross-carrier scheduling, DCI formats 0, 1 and 1A may be intended for scheduling different serving cells. However, the current specifications do not properly cover the cases where padding is only intended to take into account sizes of other DCI formats scheduling the same serving cell. 

A text proposal for 36.212 is provided in the Annex to address these issues
 Annex
-----------------------------Start of text proposal -------------------------------------------
5.3.3.1.1
Format 0

DCI format 0 is used for the scheduling of PUSCH in one UL cell. 

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

- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].

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

- Frequency hopping flag – 1 bit as defined in section 8.4 of [3] . This field is used for multi-cluster allocations as the MSB of the corresponding resource allocation if needed.

- Resource block assignment and hopping resource allocation – 
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- For PUSCH hopping (single cluster allocation only):



- NUL_hop MSB bits are used to obtain the value of 
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 bits provide the resource allocation of the first slot in the UL subframe

- For non-hopping PUSCH with single-cluster allocation:
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 bits provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]

- For non-hopping PUSCH with multi-cluster allocation: the resource allocation is obtained from the concatenation of the frequency hopping flag field and the resource block assignment and hopping resource allocation field  
- 
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 bits provide the resource allocation in the UL subframe as defined in section  8.1.2 of [3] and where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6 of [3]

- Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]

- New data indicator – 1 bit

- TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2]

- UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0)
-  Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for TDD operation with uplink-downlink configurations 1-6)
- CSI request – 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field only applies to UEs that are configured with more than one DL cell and when the corresponding DCI format is mapped onto the UE specific by C-RNTI search space as defined in [3]

- SRS request – 0 or 1 bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto the UE specific by C-RNTI search space as defined in [3]. The interpretation of this field is provided in section 8.2 of [3]

- Multi-cluster flag – 1 bit as defined in section 8.1 of [3]

If the number of information bits in format 0 mapped onto a given search space is less than the payload size of for format 1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 1A), zeros shall be appended to format 0 mapped onto the given search space until the payload size equals that of format 1A for scheduling the same serving cell and mapped onto the same search space.
5.3.3.1.2
Format 1

DCI format 1 is used for the scheduling of one PDSCH codeword in one cell. 

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

- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit as defined in section 7.1.6 of [3]

      If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource allocation type 0 is assumed. 

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]: 
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- For resource allocation type 1 as defined in section 7.1.6.2 of [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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where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]

- Modulation and coding scheme – 5 bits 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 is present in TDD for all the uplink –downlink configurations and only applies to TDD operation with uplink –downlink configuration 1-6. This field is not present in FDD) – 2 bits

If the number of information bits in format 1 is equal to that for format 0/1A for scheduling the same serving cell and mapped onto the UE specific by C-RNTI search space as defined in [3], one bit of value zero shall be appended to format 1.

If the number of information bits in format 1 belongs to one of the sizes in Table 5.3.3.1.2-1, one or more zero bit(s) shall be appended to format 1 until the payload size of format 1 does not belong to one of the sizes in Table 5.3.3.1.2-1 and is not equal to that of format 0/1A.


Table 5.3.3.1.2-1: Ambiguous Sizes of Information Bits.

	{12, 14, 16 ,20, 24, 26, 32, 40, 44, 56}


5.3.3.1.3
Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword in one cell and random access procedure initiated by a PDCCH order. 

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

- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].

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

Format 1A is used for random access procedure initiated by a PDCCH order only if format 1A CRC is scrambled with C-RNTI and all the remaining fields are set as follows:

- Localized/Distributed VRB assignment flag – 1 bit is set to ‘0’

- Resource block assignment – 
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bits, where all bits shall be set to 1

- Preamble Index – 6 bits

- PRACH Mask Index – 4 bits, [5]

- All the remaining bits in format 1A for compact scheduling assignment of one PDSCH codeword are set to zero

Otherwise, 

- 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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- For distributed VRB: 

- If 
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 or if the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI
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- Else

- 1 bit, the MSB indicates the gap value, where value 0 indicates 
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where 
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 is defined in [2].
- 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


- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:

- If 
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 and Localized/Distributed VRB assignment flag is set to 1

- the new data indicator bit indicates the gap value, where value 0 indicates 
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- Else the new data indicator bit is reserved.


- Else



- The new data indicator bit as defined in [5]

- Redundancy version – 2 bits

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


- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:



- The most significant bit of the TPC command is reserved.



- The least significant bit of the TPC command indicates column 
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 - If least significant bit is 0 then 
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- Else



- The two bits including the most significant bit indicates the TPC command

- Downlink Assignment Index (this field is present in TDD for all the uplink –downlink configurations and only applies to TDD operation with uplink –downlink configuration 1-6. This field is not present in FDD) – 2 bits

- SRS request – 0 or 1 bit. This field can only be present in DCI formats scheduling PDSCH which are mapped onto the UE specific by C-RNTI search space as defined in [3]. The interpretation of this field is provided in section 8.2 of [3]

If the number of information bits in format 1A mapped onto a given search space is less than that of format 0 for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 1A mapped onto the given search space until the payload size equals that of format 0 for scheduling the same serving cell and mapped onto the same search space. 

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.

When the format 1A CRC is scrambled with a RA-RNTI, P-RNTI, or SI-RNTI then the following fields among the fields above are reserved:

- HARQ process number

- Downlink Assignment Index (used for TDD only and is not present in FDD)

-----------------------------End of text proposal -------------------------------------------
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