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1. Introduction
Currently, there are a number of PDCCH formats that need to be supported for the E-UTRA. In [1], two basic formats were given as the minimum set of formats. While the total number of grants can be large, some have proposed to merge/group several different grants to reduce the number of formats (see, e.g. [2, 3]). Essentially, the goals are to reduce the number of blind decodes for the DL control channel decoding and at the same time minimizing the increase in overhead due to the merging of several PDCCH formats. As discussed in [4], the number of blind decodes needs to be minimized in order to reduce the probability of false decoding and miss. 

This contribution aims to do the same by identifying the following aspects: 
1. Potential merge of some PDCCH formats into a single combined PDCCH format. This can be done when multiple formats share almost the same size.
2. Semi-static/static configuration across different PDCCH formats. Some examples of static configurations are the system bandwidth and antenna configuration. The size of resource allocation field depends on the system bandwidth. The antenna configuration determines the size of MIMO signaling support (e.g. MCS, pre-coding indicator).
The details are given in Section 2, 3, and 4 for downlink, uplink, and miscellaneous grants, respectively. The summary is given in Section 5. We assume FDD throughout the contribution.
2. Downlink Grants
Similar to [2], seven types of DL grant can be identified: 
1. Closed-loop spatial multiplexing: 1 codeword (CW)
2. Closed-loop spatial multiplexing: 2 CWs 
3. Open-loop Tx diversity: 1 CW. This format can also be used for single-antenna port transmission.
4. Open-loop spatial multiplexing: 2 CWs

5. MU-MIMO

6. Small size: cell edge UEs and VoIP
7. Retransmission for persistent scheduling

Our view regarding the number of bits for different DL control fields is summarized in Table 1:

· The number of bits for RB assignment (=X) is bandwidth-dependent and common to most DL grant formats (except for the small size and persistent retransmission where a smaller size can be used). For 5MHz bandwidth, X is at most 18 bits. It may also depend on whether localized or distributed transmission is performed.
· The required CRC length for PDCCH is discussed in [4]. For now, a 16-bit CRC is assumed.
· A 5-bit MCS indicator was agreed in RAN1#51bis [14]. Hence, a 5-bit MCS is used for the first codeword (transport block). The MCS for the second codeword is represented in 3 bits as a differential MCS relative to the first one. This is in accordance to the number of spatial differential CQI bits. The actual transport block size (TBS) is derived from the MCS and the RB assignment (resource allocation). Also, further reduction in the number of bits for 2-TB transmission may be possible by imposing a further restriction on the allowable MCS set [6].
· The 3-bit HARQ process number (a maximum of 8 HARQ processes) is assigned to both transport blocks in case of 2-codeword transmission. That is, the HARQ process number for the second transport block is tied to the first one (see, e.g. [2, 7]). While there is some loss in retransmission flexibility, this seems to provide a reasonable trade-off between performance, complexity, and overhead.
· The rank indicator (number of layers) differs depending on the antenna configuration. The required number of bits =
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· For the pre-coding information, a single PMI can be signaled in addition to at most one confirmation bit to support frequency-selective pre-coding (see, e.g. [7 – 11]). The single PMI can be interpreted as a wideband pre-coder in the case of rank override:
· For the 2-Tx scenario, the codebook size is 6 and 3 for rank-1 and rank-2 transmissions, respectively. Hence, the additional confirmation bit is not needed since the codebook size is less than
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where m is the number of PMI bits. This is possible since the confirmation command does not need to be used in conjunction to the single PMI signaling (i.e. the single PMI is used only when Confirmation=0). Hence, the total number of hypotheses (including the confirmation command) for rank-1 and 2 are 7 and 4, respectively. This still results in the same number of bits. 
· For the 4-Tx scenario, one additional confirmation bit is needed since the codebook size is 16, which is a power of 2. 

· We assume that the switching between localized and distributed transmissions is performed semi-statically. Hence, there is no need for distributed transmission indicator in PDCCH.

· In addition, four different colors were used to indicate different (semi-)static configurations in Table 1. Open-loop Tx diversity/SM, closed-loop SM, MU-MIMO, and small size transmissions can be semi-statically configured and do not need to be blindly decoded. Here, we assume dynamic rank adaptation for both open-loop and closed-loop MIMO transmissions. 
The total size of different DL grants for different antenna configurations are outlined in Table 2.  
· Since the antenna configuration is static, having different formats for different antenna configurations does not increase the number of blind decodes and is thus permissible. 
· While it is possible to assign different PDCCH formats for 1CW and 2CW transmissions, the size differs by at most 3 bits (out of ~60 bits for 5MHz, ~75 bits for 20MHz). Hence, to avoid the increase in the number of blind decodes, it is preferred to combine the formats for 1CW and 2CW transmission. The combined format is simply the one defined for 2CW transmission (see Table 1) as the rank information is already accounted for. The same can be done between the small size DL and persistent retransmission. Hence, for a given (semi-)static configuration (e.g. CL SM, OL TxD/SM), we define a single PDCCH format (highlighted in yellow in Table 2).
3. Uplink and Miscellaneous Grants

In [2], two types of UL grant were defined: scheduled and persistent transmissions. The UL grant for scheduled transmission can also be used for a DL grant with more restricted RB assignment (adjacent RBs). Since the two types of transmission are semi-statically configured (switched), there is only one UL grant format.  
In addition, four miscellaneous grant formats were defined in [2] for the following purposes: 

1. D-BCH

2. PICH

3. RACH response

4. TPC command for PUCCH

It was demonstrated in [2] that the size of the above four grants are almost identical and hence can be combined into a single format along with the UL grant for persistent transmission. 
Table 1. DL grant formats: Different colors represent (semi-)static configurations (n ≥ 2)
	Field
	No. bits for different formats

	
	CL SM 1CW
	CL SM 2CW
	OL TxD 1CW
	OL SM 2CW
	MU-MIMO
	Small size
	Persistent Re-tx

	RB assignment
	X
	X
	X
	X
	X
	< X
	< X

	CRC/UE ID
	[16]
	[16]
	[16]
	[16]
	[16]
	[16]
	[16]

	TPC for PUCCH
	3
	3
	3
	3
	3
	3
	0

	Transport Format
	5
	8 (*)
	5
	8 (*)
	5
	2
	2

	HARQ process number
	3
	3
	3
	3
	3
	3
	4

	RV indicator (assume NDI is RV0)
	2
	2
	2
	2
	2
	2
	0

	Number of layers (rank)
	1(2x2,4x2) or 2(4x4)
	1(2x2,4x2) or 2(4x4)
	0(1xn) or 1(2x2,4x2) or 2(4x4)
	1(2x2,4x2) or 2(4x4)
	0
	0
	0

	Pre-coding information (1 PMI signaling and confirmation) 
	3(2x2) or 5(4xn)
	2(2x2) or 5(4xn)
	0
	0
	2(2xn) or 3(4xn) (**)
	0
	0


(*)
Further reduction may be possible by applying the MCS restriction for 2CW transmission [6].
(**)
Additional information such as the PVI of the interfering vector may also be included.
Table 2. Total size of DL grant formats for different antenna configurations (n ≥ 2): The combined single format is highlighted in yellow.
	Antenna configuration
	Total no. bits for different formats

	
	CL SM 1CW
	CL SM 2CW
	OL TxD 1CW
	OL SM 2CW
	MU-MIMO
	Small size
	Persistent Re-tx

	1 x n
	-
	-
	29+X
	-
	-
	< 27+X
	< 23+X


	2 x n
	33+X
	35+X
	30+X
	33+X
	31+X
	
	

	4 x 2
	35+X
	38+X
	30+X
	33+X
	32+X
	
	

	4 x 4
	36+X
	39+X
	31+X
	34+X
	
	
	


4. Summary

From the above analysis, we conclude that there are at most 3 PDCCH formats for a given (semi-)static configuration:

1. One DL grant format
2. One UL grant format

3. One miscellaneous format (persistent UL, PICH, RACH response, TPC for PUCCH, and D-BCH)

This implies that the UE needs to blindly detect the PDCCH format (out of the 3 possibilities) in conjunction to the CCH allocation. It may also be possible to further combine the miscellaneous format with the UL grant at the expense of increased overhead for the miscellaneous format. 
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