3GPP TSG RAN WG1 52bis



 



R1-081367
Shenzhen, China, March 31 – April 4, 2008
Source:           
Texas Instruments
Title:               
PDCCH Content and Formats 

Agenda Item: 
6.1.3
Document for: 
Discussion and Decision
1. Introduction

A number of downlink control information (DCI) formats that need to be supported for the E-UTRA were agreed in RAN1#52 [1, 2]. The basic principle in designing the set of DCI formats is to ensure the blind detection of only two DCI formats for a given system configuration (transmission mode, the number of antenna ports, and UL/DL bandwidth). At the same time, the overhead needs to be minimized by ensuring minimum amount of padding to match the size of initially different formats.  Currently, the following formats are supported:
· Format 0: UL grant
· Format 1: DL grant for single-antenna/Tx diversity transmission
· Format 1A: DL grant for single-antenna/Tx diversity transmission with contiguous RB allocation
· Format 2: DL grant for closed-loop spatial multiplexing (SM)
· Format 3/3A: TPC support
In this contribution, we present our view regarding the open issues listed in [2] as well as some other related issues with the focus on FDD.
2. DCI Formats
In this section, we discuss the available DCI formats summarized in [3].
2.1. Format 0 and 1A (and 1B)
To minimize the number of blind decodes, format 0 and 1A are designed to have the same payload size. Table 1 depicts the comparison of the two formats. This assumes that format 1A should always be made available without any semi-static switching with the other DL grant formats. Currently, the size of the two formats differs by only 1 bit (at most). Hence, a 1-bit padding (dummy/reserved bit) can simply be applied to format 0 whenever necessary. 
Table 1. Format 0 and 1A comparison. The difference is highlighted.
	Format 0 (20MHz bandwidth)
	Format 1A (20MHz bandwidth)

	Format

1

Hopping flag

1

RB assignment

13

MCS

5

New Data Indicator

1

Cyclic shift for DMRS

3

Tx antenna selection

0

UL index (TDD only)

0

CQI request

1

TPC

2

RNTI / CRC

16

Total

43


	Format

1

Distributed transmission (FFS)
1

RB assignment

13

MCS

5

New data indicator

1

Hybrid ARQ process number

3

Redundancy version

2

TPC

2

RNTI / CRC

16

Total

44




Other than that, the following should be noted as well:
· It was pointed out on the reflector that the size of RB assignment field may be different for format 0 (UL) and 1A (DL) due to the potentially asymmetric UL/DL system bandwidth assignment. Note that the size difference between 1.4MHz and 20MHz is 13−5 = 8 bits, which is quite large. However, such disparity in the UL and DL system bandwidths may not be very likely. Assuming a typical ratio of 3 to 4, the size difference between 5MHz and 20MHz is 13−9 = 4 bits. Using a 4-bit padding may be acceptable to ensure the same size for format 0 and 1A. 
· When UL Tx antenna selection is enabled, 1 bit is required. Assuming the same size for RB assignment field between format 0 and 1A, the size of format 0 is increased by 1 bit which is equal to that of format 1A. Furthermore, the “distribution transmission” field in format 1A may be removed if the distribution transmission indication can be semi-statically signaled (e.g., via dedicated RRC signaling as a part of system information). 
· For format 0, the size of the MCS field includes 64QAM. However, 64QAM is only supported by UE category 5. Hence, it is possible to make the size of the MCS field dependent on the UE category. This is, of course, at the expense of increasing the number of sub-formats for format 0. However, since this is a semi-static (or permanent) configuration, this seems acceptable.
· To ensure that the size of format 1A is almost identical to that of format 0, precoding should not be supported in format 1A.
· Hence, format 1A should not be used for 1-TB retransmission for closed-loop spatial multiplexing. Note that format 1A only supports contiguous resource allocation which seems too restrictive for closed-loop spatial multiplexing with format 2. 
· However, the support of an additional format 1B with contiguous resource allocation and rank-1 precoding (i.e. codebook-based beamforming) support may be beneficial in coverage-limited scenarios. This does not increase the number of blind decodes as long as this is a semi-static configuration. Format 1B is shown in Table 2: 
Table 2. Format 1B for the support of rank-1 only precoding. Difference with format 1A is highlighted.
	Format 1B (20MHz bandwidth)

	Format

1

Distributed transmission (FFS)

1

RB assignment

13

MCS

5

Hybrid ARQ process number

3

New data indicator

1

Redundancy version

2

TPC

2

RNTI / CRC

16

Precoding matrix + confirmation
3-5
Total

47-49



2.2. Format 1 and 2 (and 2A)
While format 1 was easily finalized, several problems can be spotted in format 2 that may require further attention: 
· Format 2 is used for both 1-TB and 2-TB transmissions. Consequently, when 1-TB transmission is assigned to the UE, the overhead of 2-TB transmission is still incurred. With the current setup, the excess overhead is 9 bits (see Table 3), which is ~13% of the size of format 2. 
· In general, format 2 is rather large in size and should benefit from any further payload reduction.
Table 3. Format 1 and 2 as currently defined in [3]
	Format 1 (20MHz bandwidth)
	Format 2 (20MHz bandwidth)

	Resource allocation header

1

RB allocation

25

MCS

5

Hybrid ARQ process number

3

New data indicator

1

Redundancy version

2

TPC

2

RNTI / CRC

16

Total

55


	Resource allocation header

1

RB allocation

25

MCS, first transport block

5

Hybrid ARQ process number

3

New data indicator (1st TB)

1

Redundancy version (1st TB)

2

MCS, second transport block

5

HARQ swap flag

1

New data indicator (2nd TB)

1

Redundancy version (2nd TB)

2

Precoding information

4

Precoding confirmation

1

Number of layers

2

TPC

2

RNTI / CRC

16

Total

71




We propose the following to alleviate above problems:
· To reduce the payload difference between 1-TB and 2-TB assignments, some further optimization in the blue-highlighted fields in Table 3 is beneficial as long as it does not significantly impact the system performance: 
· The MCS for TB2 can be defined relative to the MCS for TB1. While this introduces some restriction to the MCS assignment for TB2, this is in accordance to the CQI feedback strategy on PUCCH [4]. This allows a reduction of 1-2 bits. 
· In addition, the size of the “MCS for TB1” field can be further reduced by 1-2 bits for 2-TB assignment (i.e. the number of layers > 1) without any significant performance impact (see [5] for further details). This is due to the significant overlap between the spectral efficiency values associated with n-layer transmission and those with (n+1)-layer transmission. Hence, lower-order MCS values are not needed for 2-TB assignment and can be removed to reduce the size of the MCs fields for both TB1 and TB2.
· Combining the two solutions above, it is possible to save 3 bits in the MCS field (TB1 and TB2 combined) for 2-TB assignment. With this solution, the interpretation of the MCS field (for both TB1 and TB2) depends on the number of layers. 
· Some fields (brown-highlighted) should be made configuration-dependent which introduces several sub-formats. 
· The size of “precoding information” depends on the number of antenna ports. Following the recommendation in [5], the sizes are 2 and 4 bits for 2-Tx and 4-Tx (antenna ports), respectively.
· The size of “number of layers” depends on the UE capability (number of supportable layers). 1 and 2 bits are needed for UE categories 2-4 and 5, respectively. 
· For the 2-Tx configuration, it is possible to jointly encode “precoding information”, “precoding confirmation”, and “number of layers” to minimize the number of bits:

· Based on the recommendation in [5], “precoding information” and “number of layers” can be jointly encoded into 7 hypotheses (4 precoding vectors for 1-layer assignment + 3 matrices for 2-layer assignment). 

· Since “precoding confirmation” is not used together with “precoding information + number of layers”, it requires only 1 additional hypothesis.
· Hence, the three fields can be jointly encoded into 8 hypotheses, i.e. 3 bits.   

· The resulting configuration-dependent design is summarized in Table 4.
Table 4. Precoding related fields for format 2 – configuration dependent and joint encoding for 2-Tx
	Field
	2-Tx
	4-Tx max. 2 layers
	4-Tx max. 4 layers

	Precoding information
	3
	4
	4

	Precoding confirmation
	
	1
	1

	Number of layers
	
	1
	2

	
	
	
	

	Total
	3
	6
	7


The proposed revision of format 2 is shown in Table 5. 
Table 5. Proposed revision for format 2 (highlighted fields represent the proposed changes)
	Proposed revision Format 2 (20MHz bandwidth)

	Resource allocation header

1

RB allocation

25

MCS, first + second transport block

1-TB: 5 

2-TB: 7

Hybrid ARQ process number

3

New data indicator (1st TB)

1

Redundancy version (1st TB)

2

HARQ swap flag

1

New data indicator (2nd TB)

1

Redundancy version (2nd TB)

2

Precoding information + confirmation + number of layers

3-7

TPC

2

RNTI / CRC

16

Total

1-TB: 62-66 

2-TB: 64-68 




In addition to format 2, it is beneficial to define 2 additional formats which are configured semi-statically with formats 1 and 2:

· Format 2A: support the open-loop spatial multiplexing (SM). For open-loop SM, precoding-related fields are not needed except for the number of layers. In addition, since the same CQI is reported to represent the channel quality across all the applicable layers, only one MCS field is needed for format 2A. 
· Format 2B: support MU-MIMO and rank-1 only precoding with non-contiguous resorce allocation. Notice that format 1B also supports rank-1 only precoding but with contiguous resource allocation. Essentially, the content is that from format 1 (1-TB transmission) along with the precoding information (2 and 4 bits for 2-Tx and 4-Tx configurations, respectively) and confirmation (1 bit). 

The content of format 2A and 2B are shown in Table 6. Notice that the difference in payload size between format 2A and 2B is quite small. Hence, the two formats can be combined into a single format if desired. However, the advantage of combining the two into a single format is unclear as only one of the two formats is used for a given semi-static configuration. 
Table 6. Format 2A for the support of open-loop SM compared with the proposed format 2
	Format 2A (20MHz bandwidth)
	Format 2B (20MHz bandwidth)

	Resource allocation header

1

RB allocation

25

MCS (1-TB only)
5
Hybrid ARQ process number

3

New data indicator (1st TB)

1

Redundancy version (1st TB)

2

HARQ swap flag

1

New data indicator (2nd TB)

1

Redundancy version (2nd TB)

2

Number of layers

1-2

TPC

2

RNTI / CRC

16

Total

60-61 


	Resource allocation header

1

RB allocation

25

MCS

5

Hybrid ARQ process number

3

New data indicator

1

Redundancy version

2

Precoding information + confirmation

3-5
TPC

2

RNTI / CRC

16

Total

58-60



2.3. Other Formats
In addition to the above formats and format 3/3A defined for TPC, it may be beneficial to define another (smaller-size) format (e.g. format 4 which can be combined with format 3/3A) for D-BCH, paging, and RACH response resource assignments. Note that format 3/3A/4 does not need to be blindly detected since the associated PDCCH is always present at a predetermined location. Hence, this format does not increase the number of blind decodes while it constitutes to additional decoding attempts. 
3. Summary
In this contribution, some open issues regarding the DCI format were discussed. In particular:
· Additional formats 1B, 2A, and 2B were proposed to support rank-1 only precoding, open-loop spatial multiplexing, and MU-MIMO.
· The size of MCS field in format 2 should be further reduced for 2-TB assignment. By interpreting the MCS for TB2 relative to TB1 as well as imposing MCS restriction for 2-TB assignment, a 3-bit size reduction can be obtained. 
· A joint encoding of the number of layers, precoding information, and confirmation is possible for the 2-antenna-port configuration. 

As mentioned above, despite the number of DCI formats (or sub-formats), the set of DCI formats is designed to limit the number of blind decodes to 2 per CCE aggregation and location. The DCI formats that need to be blindly decoded for each transmission mode is outlined in Table 7. 
Table 7. DCI formats to be blindly detected for a given transmission mode
	Transmission mode
	0/1A
	1
	1B
	2
	2A
	2B

	Single-antenna
	x
	x
	
	
	
	

	Tx diversity 
	x
	x
	
	
	
	

	Closed-loop SM
	x
	
	
	x
	
	

	Closed-loop rank-1 contiguous RBs (*)
	x
	
	x
	
	
	

	Closed-loop rank-1 (*)
	x
	
	
	
	
	x

	Open-loop SM
	x
	
	
	
	x
	

	MU-MIMO
	x
	
	
	
	
	x


(*) Closed-loop rank-1 (codebook-based beamforming) can be considered as a sub-mode of closed-loop SM with only rank-1 transmission. This can be achieved via codebook subset restriction. 
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