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1. Introduction
This document examines possible cases where a Release 10 UE could be configured to receive different UL/DL DCI formats with the same size. 
2. Background

In LTE Release 10 new DCI formats 2C and 4 have been introduced. In addition, some existing DCI formats have been modified:

· 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. 

· DCI format 4 may be configured with an additional bit for CSI triggering with CA.   
The resulting DCI format payloads are given in an attached spreadsheet.

Note that Format 0 and 1A are always padded to be the same size. For this discussion we note that Format 1A typically follows the size of Format 0, since for most cases of interest Format 0 is the same size or larger.

In addition, padding is applied to DL DCI formats if the size is one of those in Table 5.3.3.1.2-1 in 36.212. This is to avoid possible ambiguity in detecting the first CCE in the PDCCH message, since this is used to determine the ACK/NACK resources.  Currently this padding is also applied to Format 4, but it is not clear that this is necessary. 
The changes introduced so far in Release 10 mean that in some configurations some DCI format payloads (including currently defined padding) will have the same size (see also [1,2]). These cases are listed in Table 1 for FDD. Of particular interest are cases where a DCI format for scheduling UL has the same size as one scheduling DL. This is undesirable since if such a case is configured, the UE receiver will probably not be able to distinguish which format is intended. As potentially being more problematic in the long term, instances of Format 2C and Format 4 having the same size are highlighted.
Table 1: Cases of UL and DL DCI formats with same size (FDD, no CIF) 
	Case
	System Bandwidth (PRBS)
	DCI formats with the same size (FDD)
	Comments

	1
	All
	Format 0/1A (+2 bits)
	Format 1B/1D (2Tx)
	
	Only occurs with CA. Can be avoided by not configuring aperiodic SRS triggering or not configuring format 1B/1D

	2
	6
	Format 4 (2Tx)
	Format 2A (4Tx)
	Format 2C
	

	3
	15
	Format 4 (2Tx)
	Format 2A (2Tx)
	Format 2B
	Can be avoided by not configuring format 2A or 2B

	4
	15
	Format 4 (4Tx)
	Format 2 (2Tx)
	 
	Can be avoided by not configuring format 2

	5
	6
	Format 4 (2Tx +1 bit)
	Format 2 (2Tx)
	
	Can be avoided by not configuring format 2

	6
	15
	Format 4 (2Tx +1 bit)
	Format 2A (4Tx)
	Format 2C
	Does not occur if padding according to Table 5.3.3.1.2-1 is not applied

	7
	100
	Format 4 (2Tx + 1 bit) 
	Format 1
	
	Can be avoided by not configuring format 1

	8
	6
	Format 4 (4Tx +1 bit)
	Format 2 (4Tx)
	
	Can be avoided by not configuring format 2

	9
	25
	Format 4 (4Tx +1 bit)
	Format 2A (4Tx)
	Format 2C
	

	10
	50
	Format 4 (4Tx +1 bit)
	Format 2A (2Tx)
	Format 2B
	Can be avoided by not configuring format 2A or 2B

Does not occur if padding according to Table 5.3.3.1.2-1 is not applied


Furthermore, in TDD, additional fields are present, and DCI formats 2B and 2C may also be configured with one additional bit for SRS triggering. 
This leads to the cases with same DCI format sizes listed in Table 2
. 

Table 2: Cases of UL and DL DCI formats with same size (TDD, no CIF)) 
	Case
	System Bandwidth (PRBS)
	DCI formats with the same size (TDD)
	Comments

	1
	6
	Format 0/1A (+2 bits)
	Format 1B/1D (2Tx)
	
	
	Only occurs with CA. Can be avoided by not configuring aperiodic SRS triggering or not configuring format 1B/1D 

	2
	15
	Format 0/1A (+2 bits)
	Format 1B/1D (2Tx)
	
	
	

	3
	100
	Format 0/1A (+2 bits)
	Format 1B/1D (2Tx)
	
	
	

	4
	6
	Format 4 (2Tx)
	Format 2A (4Tx)
	Format 2B (+1bit)
	Format 2C
	

	5
	15
	Format 4 (4Tx)
	Format 2A (4Tx)
	Format 2C
	
	

	6
	25
	Format 4 (4Tx)
	Format 2A (2Tx)
	Format 2B
	
	Can be avoided by not configuring format 2A or 2B

	7
	6
	Format 4 (2Tx+1bit)
	Format 2A (4Tx)
	Format 2B (+1bit)
	Format 2C
	

	8
	15
	Format 4 (2Tx+1bit)
	Format 2A (2Tx)
	Format 2B
	
	Can be avoided by not configuring format 2A or 2B

	9
	15
	Format 4 (4Tx+1bit)
	Format 2 (2Tx)
	Format 2C (+1bit)
	
	

	10
	25
	Format 4 (4Tx+1bit)
	Format 2A (4Tx)
	Format 2B (+1bit)
	Format 2C
	Does not occur if padding according to Table 5.3.3.1.2-1 is not applied


When CA with CIF is configured, the some different cases of the same size occur since padding for ambiguous detection sizes is applied in different cases. In addition some configurations are not applicable for CA.

 This leads to the cases with same DCI format sizes listed in Table 3 for FDD and Table 4 for TDD

Table 3: Cases of UL and DL DCI formats with same size (FDD, with CIF) 

	Case
	System Bandwidth (PRBS)
	DCI formats with the same size (FDD)
	Comments

	1
	6
	Format 0/1A (+1 bits)
	Format 1B/1D (2Tx)
	
	Can be avoided by not configuring format 1B/1D

	2
	15
	Format 0/1A (+1 bits)
	Format 1B/1D (2Tx)
	
	

	3
	100
	Format 0/1A (+1 bits)
	Format 1B/1D (2Tx)
	
	

	4
	All
	Format 0/1A (+2 bits)
	Format 1B/1D (2Tx)
	
	

	5
	6
	Format 4 (2Tx +1 bit)
	Format 2 (2Tx)
	
	Can be avoided by not configuring format 2

	6
	100
	Format 4 (2Tx +1 bit)
	Format 1
	
	Can be avoided by not configuring format 1

	7
	6
	Format 4 (4Tx +1 bit)
	Format 2 (4Tx)
	
	Can be avoided by not configuring format 2

	8
	25
	Format 4 (4Tx +1 bit)
	Format 2A (4Tx)
	Format 2C
	

	9
	50
	Format 4 (4Tx +1 bit)
	Format 2A (2Tx)
	Format 2B
	Can be avoided by not configuring format 2A or 2B

	10


	75
	Format 4 (4Tx +1 bit)
	Format 2A (2Tx)
	Format 2B
	Can be avoided by not configuring format 2A or 2B
Does not occur if padding according to table Table 5.3.3.1.2-1 is not applied


Table 4: Cases of UL and DL DCI formats with same size (TDD, with CIF) 

	Case
	System Bandwidth (PRBS)
	DCI formats with the same size (TDD)
	Comments

	1
	6
	Format 4 (2Tx+1bit)
	Format 2A (4Tx)
	Format 2C
	

	2
	15
	Format 4 (2Tx+1bit)
	Format 2A (2Tx)
	Format 2B
	Can be avoided by not configuring format 2A or 2B

	3
	100
	Format 4 (2Tx+1bit)
	Format 1
	
	Can be avoided by not configuring format 1 

Does not occur if padding according to Table 5.3.3.1.2-1 is not applied

	4
	15
	Format 4 (4Tx+1bit)
	Format 2 (2Tx)
	Format 2C (+1bit)
	Does not occur if padding according to Table 5.3.3.1.2-1 is not applied

	5
	25
	Format 4 (4Tx+1bit)
	Format 2B (+1bit)
	
	Can be avoided by not configuring format 2B


3. Discussion
As is well known, it is undesirable for the UE to be configured to receive more than one DCI format with the same size, since it will be probably be unable to identify which DCI format is intended. 

We note the following points relating to configurations with UL and DL DCI formats having the same size:-
· Most cases occur for small system bandwidths

· With CA configured, format 0 with SRS triggering is the same size as format 1B and 1D for all system bandwidths 

· All the cases not involving format 2C can be avoided by configuring a different, possibly less efficient DCI format instead (i.e. changing transmission mode)
Possible solutions include:
· Accepting the unavailability of particular UE configurations with DCI formats with the same size

· This might be acceptable except for cases where formats 2C and 4 have the same size, since this would be a serious restriction on the use of TM9   
· Higher layer configuration of additional padding bits. These could be applied to format 4 and perhaps format 0

· While this would be a flexible solution, it may be rather late to introduce the necessary signalling
· Additional padding rules. These could be applied to format 4 and perhaps format 0
· In order to avoid too much complexity, limiting the application of padding to specific cases could be considered. 
In principle, the LTE physical layer specification is designed to cover the possibility of different system bandwidths in UL and DL. However, so far such asymmetric combinations are not supported in practice. If asymmetric UL and DL were to be supported in the future, this may introduce additional cases where DCI format 4 has the same size as a DL DCI format.  Since, unlike format 0, format 4 will not be used in the common search space, and in order to avoid introducing unnecessary complexity into the specification, we propose to handle such cases if and when they arise.
Considering padding applied to format 4 (in 36.212), a suitable rule covering all the existing cases of ambiguous size with DL DCI formats could be as follows:
“If the number of information bits in format 4 is equal to that for any of format 1, 2, 2A, 2B or 2C that the UE is configured to receive for scheduling the same serving cell, one bit of value zero shall be appended to format 4.”
Also, as is currently indicated in 36.212, the padding determined by Table 5.3.3.1.2-1 is applied to DCI format 4. However, it seems that it is not necessary, and leads to some potential instances of UL and DL DCI formats having the same size, therefore this part of the specification should be removed. A further point to note is that adding padding to format 4 so that it does not have the same size as a DL DCI format could lead to one of the format sizes in Table 5.3.3.1.2-1.    
If desired, an additional padding rule could be applied to format 0, but since this already has a padding rule aimed at achieving the same size as format 1A (and vice versa), a slightly different approach would be needed (together with the existing rule), such as:
“For a UE configured with more than DL cell and with an SRS request field of 1 bit configured in format 0 and where the UE is configured to receive either format 1B or 1D for 2 Tx antennas for scheduling the same serving cell, and the corresponding DCI is mapped onto the UE specific by C-RNTI search space as defined in [3], one bit of value zero shall be appended to format 0.”
If such a rule were applied, the cases with possible ambiguity when the SRS request field is not configured could be avoided by configuring the SRS request field, but not using it.   
However, we note there may be other issues to resolve with respect to defining the padding for formats 0, 1, and 1A (see [3]), and if additional padding is applied to format 0, these would also need to be taken into account.
Typically, any of the cases where DCI format 0 has the same size as a DL DCI format could be resolved by configuring a different DCI format in the DL. This may be less efficient in terms of use of PDCCH resources, but avoids specification complexity, and could therefore be an acceptable approach.
4. Conclusions and recommendations
Considering the points discussed above we propose the following:

· The padding applied to DL DCI formats with sizes given in Table 5.3.3.1.2-1 in 36.212 should not be applied to DCI format 4 

· An additional padding rule should be applied to format 4, for example, as follows: “If the number of information bits in format 4 is equal to that for any of format 1, 2, 2A, 2B or 2C, that the UE is configured to receive for the same serving cell, one bit of value zero shall be appended to format 4.”
These changes are proposed in [4].

To avoid further specification complexity, we propose that other potential cases of UL/DL DCI formats with the same size (i.e. involving format 0) are avoided by restricting the use of the relevant configurations.
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