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1. Introduction

The current Release 8 specification [1] imposes a strict and optimized subset of options when the UE interprets the downlink control information for downlink and uplink scheduling information. The UE is solely configured to monitor a subset of possible DCI formats on specific locations in the control channel structure, as defined in [2]. This restriction is introduced to reduce and limit the number of blind decoding attempts for a single UE to the value of 44. As discussed in [3], this construction of the control channel structure may potentially limit the flexibility when designing control signaling for the new LTE-Advanced features such as CoMP, uplink SU-MIMO, etc. In this contribution we propose an alternative way of representing the DCI formats, which would introduce more flexibility in terms of switching between these. Note that the proposed structures can be used also together with the format indicator approach outlined in [3].
2. Discussion
As known from [1], there are a number of DCI formats, each representing a transmission mode or operational mode, and the UE is configured to monitor a subset of these formats. When listing the possible DCI formats for different system bandwidth configurations in FDD mode, the possible DCI formats and their sizes are:
Table 1 Illustration of the DCI format sizes for FDD system bandwidth configurations.

	Bandwidth
	6
	15
	25
	50
	75
	100

	Format 0
	37
	38
	41
	43
	43
	44

	Format 1A
	37
	38
	41
	43
	43
	44

	Format 3/3A
	37
	38
	41
	43
	43
	44

	Format 1C
	24
	26
	28
	29
	30
	31

	Format 1
	35
	39
	43
	47
	49
	55

	Format 1B (2 tx ant)
	38
	41
	43
	44
	45
	46

	Format 1D (2 tx ant)
	38
	41
	43
	44
	45
	46

	Format 2 (2 tx ant)
	47
	50
	55
	59
	61
	67

	Format 2A (2 tx ant)
	44
	47
	52
	57
	58
	64

	Format 1B (4 tx ant)
	41
	43
	44
	46
	47
	49

	Format 1D (4 tx ant)
	41
	43
	44
	46
	47
	49

	Format 2 (4 tx ant)
	50
	53
	58
	62
	64
	70

	Format 2A (4 tx ant)
	46
	49
	54
	58
	61
	66


From Table 1, it can be seen that for an example system bandwidth of 10 MHz (50 PRBs, assuming 2 eNB tx antennas), a UE operating in FDD mode would be monitoring one or more of the DCI sizes of: 29, 43, 44, 47, 57, and 59, according to the configured DCI monitoring mode.

By observing the fact that a UE is semi-statically configured to monitor only a subset of the possible DCI formats (which each are optimized specifically for a purpose), and a transition from one configuration to another might take relatively long to complete, we would like to propose another approach in terms of defining the DCI configurations.
From the values in Table 1 it is seen that some of the possible DCI formats have similar sizes, which indicates that
these DCI formats could potentially be grouped within a single common DCI format. Based on this observation, we suggest that the DCI formats for LTE-Advanced are configured to another generalized mode, where a limited number of DCI payload sizes are allowed. These are denoted “small”, “medium”, and “large” sizes in the following.
We suggest that the DCI payload sizes for LTE-Advanced are defined such that the DCI format leaves room for an identification header. Using the Rel’8 DCI formats for FDD mode and 2 TX antennas, we illustrate the operation by:

· Large DCI payload (60 bits)
· Medium DCI payload (48 bits)

· Small DCI payload (28 bits)

The identification header is used to separate the possible DCI formats in a way that is similar to the resource allocation type 1 as defined in [2]. As an example, consider the “medium” DCI payload, which set to 48 bits. For this situation we have illustrated a possible definition of how multiple DCI formats of different sizes can be encapsulated into a generalized DCI format of medium size. This is shown in Table 2
Table 2 Possible encapsulation of the medium sized DCI formats into a generalized DCI format of medium size (48 bits).

	DCI format
	Value of header bits
	DCI payload size

	Format 1
	0
	47 bits

	Format 1B
	1 00
	44 bits

	Format 1D
	1 01
	44 bits

	Reserved
	1 10 
	44 bits

	Format 0
	1 11 0
	43 bits

	Format 1A
	1 11 1
	43 bits


From the above, it is seen that it is possible to encapsulate multiple DCI formats into a single DCI format, and such a configuration allows for fast and dynamic switching between different DCI formats. Similar encapsulation is possible for the “large” DCI formats (DCI format 2 and DCI format 2A), while it would not make sense to encapsulate multiple DCI formats into the small DCI format since only one DCI format is sufficiently small to fit into this format. Of course, the DCI payload sizes should be adjusted according to the expected payload sized for LTE-Advanced.
Even that the above description/discussion has been presented using FDD mode as a use case, the way of encapsulating the DCI formats applies equally well for TDD mode. Further, we acknowledge that introducing such a generalized DCI format would increase the overall DCI payload size with a subsequent minor loss in coverage, but at least for the medium sized DCI format, we find that this loss is not significant compared to the increased flexibility obtained.

Another advantage of this approach is that it is possible to introduce “reserved” DCI formats (not currently addressed by a legal header), which can be used for future releases of the specifications without loss of backwards compatibility. The reserved DCI format shown in Table 2 of 44 bits can potentially be split into more DCI formats with fewer bits in the payload.
3. Conclusion

In this contribution, we have presented a possible solution for generating a more generalized DCI format, which can be used to accommodate a larger number of DCI formats with the existing blind decoding structure and to introduce fast and dynamic switching between different DCI formats. We propose that this approach is considered for LTE-Advanced control channel definition.
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