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1 Introduction
For new features which will be introduced in Rel.10, additional DCI formats are required. It has been discussed in several contributions DCI format design and blind decoding issues on UL non-contiguous resource allocation and UL MIMO [1-5]. Also for downlink, signaling aspect of SU-/MU-MIMO and CoMP has been discussed in e.g. [6].

In this contribution, we discuss possible new DCI formats to be defined and design principle of the new DCI formats for Rel.10 for uplink and downlink transmissions, respectively. 
2 DCI format 

2.1 Rel.8/9 DCI format 

In Rel.8 LTE, several DCI formats corresponding to the transmission modes are defined. A UE monitors the DCI formats on its UE-specific search space and the common search space as follows: 
· UE-specific search space: 
UE monitors DCI 0/1A and DCI which is semi-statically configured via RRC signaling depending on the transmission mode. 

· Common search space: 
UE monitors DCI 0/1A/3/3A and DCI 1C 

Table 1 illustrates the DCI format to be monitored for different transmission modes. 

Table 1 Transmission mode and DCI format to be monitored in Rel.8/9
	Transmission mode
	DCI format to be monitored

	
	Common SS
	UE specific SS

	1. Single-antenna port; port 0
	0/1A/3/3A, 1C
	0/1A, 1

	2. Transmit diversity
	0/1A/3/3A, 1C
	0/1A, 1

	3. Open-loop spatial multiplexing
	0/1A/3/3A, 1C
	0/1A, 2A

	4. Closed-loop spatial multiplexing
	0/1A/3/3A, 1C
	0/1A, 2

	5. Multi-user MIMO
	0/1A/3/3A, 1C
	0/1A, 1D

	6. Closed-loop Rank=1 precoding
	0/1A/3/3A, 1C
	0/1A, 1B

	7. Single-antenna port; port 5
	0/1A/3/3A, 1C
	0/1A, 1

	8. Dual layer transmission; port 7, 8
	0/1A/3/3A, 1C
	0/1A, 2B


2.2 DCI format for new features in Rel.10 

In addition to the DCI formats defined in Rel.8 LTE, new DCI formats are required for Rel.10 in order to support additional functions. We identify the following additional DCI formats for Rel.10: 
· DCI for uplink non-contiguous resource allocation (e.g. DCI 0A) 
· Exact allocation scheme is FFS. Several possibilities are discussed in e.g. [7].  
· DCI for uplink SU-MIMO (e.g. DCI 0B)

· Support up to 2TBs and precoding information. 

· We assume non-contiguous resource allocation is also supported.
· DCIs for downlink SU-MIMO/MU-MIMO/CoMP (see [6] for details)
· DCI 2A or 2B based format may be defined as a common DCI format for CoMP, MU-MIMO and SU-MIMO (DMRS based reception). 

· Additionally, a low-overhead downlink DCI for rank 1 transmission would be beneficial in order to efficiently support cell edge UEs especially in macro cell scenario. 
Below we discuss the design approach of the new DCI formats on uplink and downlink transmission in section 3 and section 4, respectively.  

3 DCI format design for new UL transmission schemes
This section discusses alternatives of DCI format design for uplink non-contiguous resource allocation and uplink SU-MIMO. 

· Alt1: define new DCI format and use separate blind decoding 
The number of blind decoding attempts is increased by 16 (i.e. 44 to 60 in total). UE monitors 3 payload sizes on UE specific search space, i.e. DCI 0/1A, transmission mode dependent DL DCI and transmission mode dependent UL DCI. 

This increases UE complexity and false alarm. However, this alternative does not require padding of PDCCH or payload size restriction like other alternatives. 
· Alt2: define new DCI format and align the payload size with configured DL DCI 
UE monitors two payload sizes on the UE specific search space, i.e. DCI 0/1A and another payload size depending on the DL/UL transmission modes. The latter payload size is adjusted to the largest one corresponding to the configured DL and UL transmission mode. A one bit indicator is added to distinguish the DL and UL format in all respective DCI formats. This alternative does not increase the number of blind decoding attempts and the DL and UL transmission modes can be independently configured. 
As a similar approach, it may be considered that the new UL DCIs are aligned with specific DL DCIs (e.g. DCI 0A and DCI 1, DCI 0B and DCI 2A). However, this requires to couple DL and UL transmission modes, which causes an undesired restriction of DL/UL transmission mode configuration. 

· Alt3: modify DCI 0 to support new feature
A one bit indicator to distinguish the transmission scheme is added to DCI 0. When the uplink system bandwidth is equal or smaller than the downlink system bandwidth, the padding bit to align DCI 1A size can be reused as the indicator bit. 
A potential concern is that the payload size is not sufficiently large to support non-contiguous resource allocation and/or uplink SU-MIMO. Furthermore, the padding bit to align DCI 1A is not available in case the uplink BW is larger than the downlink BW. In this case the payload size becomes different from Rel8. This causes a problem on common search space which is used for DL assignments of the common channels. Although the case of UL BW > DL BW should not be optimized, the specification should support such a case.
Discussion 

Alt 1 is preferable if an increase of the number of blind decodes is acceptable from a UE complexity and false alarm point of view. Note, that Alt 1 does not necessarily mean 60 x Ncc blind decoding attempts for carrier aggregation since there are several ways to reduce the number of blind decoding attempts as discussed in [9-13]. When additional DL or UL transmission modes are introduced in future, additional standardization effort is marginal. 
Alt 2 may also be reasonable although this requires some padding overhead. If this approach is adopted, this should be used for both non-contiguous RA and UL MIMO for a simple system design. 
Alt 3 seems not preferable due to the concern mentioned above, especially due to the payload size restriction for both non-contiguous resource allocation and UL MIMO. On non-contiguous resource allocation which we assume is also used for UL MIMO, it would not be possible to support a sufficient number of clusters within DCI 0, i.e. at least 3 clusters [8]. 

4 DCI format design for new DL transmission schemes
For SU-/MU-MIMO and CoMP, additional DMRS based transmission is introduced in Rel10. As discussed in[6], it would be beneficial to define two types of DCI formats, a SU-MIMO/MU-MIMO/CoMP DCI and a low-overhead rank 1 DCI. The first one may be based on format 2A or 2B, which can be used for both multi-layer and single-layer DL transmissions. The second one may support only single rank transmission. This would be needed for indicating cell edge UEs efficiently especially in CoMP operation since the PDCCH may need to be transmitted to very low geometry UEs. 
In small cells with a small number of UEs, it is possible to use SU-MIMO/MU-MIMO/CoMP DCI only. In macro cells with a large number of UEs, low-overhead DCI may be used for cell edge UEs to reduce the PDCCH overhead per scheduled UE. It should be noted that, in case that CoMP may improve the SINR of cell edge UEs such that multi-layer transmission makes sense.
The exact contents of the SU-MIMO/MU-MIMO/CoMP and low-overhead DCI need further discussion. The blind decoding issue on these DCI format should also be discussed. 
5 Conclusion 

In this document, we discuss the design principles for new DCI formats for LTE-Advanced. We identified the following new DCI formats to be considered. 

For uplink: 
· DCI for UL non-contiguous resource allocation (e.g. DCI 0A) 
· DCI for uplink SU-MIMO (e.g. DCI 0B), supporting 2 TBs and precoding information 
For downlink: 

· DCI for downlink SU-MIMO/MU-MIMO/CoMP 

· DCI 2A or 2B based format may be defined as a common DCI format for CoMP, MU-MIMO and SU-MIMO (DMRS based reception). 

· Additionally, low-overhead DCI for rank 1 transmission to efficiently support cell edge UEs especially in macro cell scenario. 
For new uplink DCIs for non-contiguous resource allocation and UL SU-MIMO, we prefer to define new DCI formats and separate blind decoding attempts (i.e. 60 in total). 

For the downlink DCI to support SU-MIMO/MU-MIMO/CoMP, we propose to discuss further exact contents of the two DCI formats and blind decoding issues. 
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Annex

Examples of new uplink related DCI formats (0A for non-contiguous resource allocation and 0B for uplink SU-MIMO) are shown in Table 3 and Table 4. RBG bitmap based resource allocation is assumed in both cases. Content of DCI format 0 in Rel8 is also shown in Table 2 for a reference. 
Table 2 contents of DCI format 0 (Rel8)
	Field 
	5MHz
	10MHz
	15MHz
	20MHz

	Differentiation flag
	1
	1
	1
	1

	Hopping flag
	1
	1
	1
	1

	Resource allocation
	9
	11
	12
	13

	MCS 
	5
	5
	5
	5

	NDI
	1
	1
	1
	1

	DMRS CS
	3
	3
	3
	3

	CQI request
	1
	1
	1
	1

	TPC 
	2
	2
	2
	2

	CRC
	16
	16
	16
	16

	Total 
	39
	41
	42
	43


Table 3 contents of DCI format 0A (non-contiguous RA, assuming RBG bitmap based RA)
	Field 
	5MHz
	10MHz
	15MHz
	20MHz

	Resource allocation
	13
	17
	19
	25

	MCS 
	5
	5
	5
	5

	NDI
	1
	1
	1
	1

	DMRS CS
	3
	3
	3
	3

	CQI request
	1
	1
	1
	1

	TPC 
	2
	2
	2
	2

	CRC
	16
	16
	16
	16

	Total 
	41
	45
	47
	53


Table 4 contents of DCI format 0B (UL MIMO, assuming RBG bitmap based RA)
	Field 
	5MHz
	10MHz
	15MHz
	20MHz

	Resource allocation
	13
	17
	19
	25

	MCS (*1)
	5+5
	5+5
	5+5
	5+5

	NDI
	1+1
	1+1
	1+1
	1+1

	DMRS CS
	3
	3
	3
	3

	CQI request
	1
	1
	1
	1

	TPC 
	2
	2
	2
	2

	Precoding info. (*2)
	3
	3
	3
	3

	CRC
	16
	16
	16
	16

	Total 
	50
	54
	56
	62


(*1) If layer shifting is used, only one MCS may be indicated.
(*2) 3bits for 2TX and 6bits for 4TX is assumed for precoding information. 
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