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1 Introduction

This contribution considers the DL control information (DCI) payload formats and the corresponding contents to support the E-UTRA functionalities. It is an updated version of R1-080663 reflecting the decisions in [1]. Currently, the following six different formats are defined in [2]:

· Format 0 for full UL-SCH assignments
· Format 1 for full DL-SCH assignments and SIMO operation

· Format 1A for compact DL-SCH assignments and SIMO operation
· Format 2 for DL-SCH assignments and MIMO operation (2 codewords)
· Format 3 for UL group TPC commands for PUCCH and PUSCH with 2-bit power adjustments
· Format 3A for UL group TPC commands for PUCCH and PUSCH with 1-bit power adjustments
The formats for TPC commands are not further addressed here. Moreover, based on the current working assumption, the MU-MIMO closed-loop format should be the same as the SU-MIMO closed-loop format with one codeword.
Similarly to the introduction of compact DL-SCH assignments (Format 1A), Format 0A is introduced for compact UL-SCH assignments and, as discussed in [3], it can result to substantial efficiency gains in the PDCCH design. Moreover, its size is BW agnostic and therefore the additional testing required is trivial. 
A new format is also introduced to support open loop SU-MIMO. Beam-forming for cell edge UEs can be either left to implementation (e.g. through dedicated RS or by using Format 2 with low code rate despite its large size) or by defining a new format, Format 1B, which has the same contents as Format 1A but also includes the precoding information. It should be noted that the previous new formats, being semi-statically assigned to a UE, allow for efficient PDCCH design without increasing decoding complexity as only rate matching is required. 
2 DCI Payload Formats and Contents
2.1 Format 0
Table 1 presents the proposed fields for Format 0.
Table 1: Format 0 – Full UL-SCH Assignments
	Field
	Number of Bits
	Comment

	DL or UL Format
	1
	UL or DL Grant

	RB assignment
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	Tree-based mapping - Bandwidth dependent

	MCS
	5
	Last 3 entries in MCS Table used to indicate RV

	HARQ Information
	1
	NDI only (synchronous HARQ)

	CQI Report trigger
	1
	Indicates whether UE should transmit CQI report in PUSCH

	PUSCH TPC
	2
	PUSCH TPC

	Hopping Flag
	1
	Indicates whether Frequency Hopping applies

	Cyclic shift for DM RS
	0 or 3
	Cell-Specific: 0 if SDMA does not apply, 3 if SDMA applies

	UE Antenna Selection
	0
	FFS if UE Tx Antenna indicated – Implicit indication possible

	UL Index (TDD only)
	0
	Size may depend on DL/UL Allocation Split

	CRC
	16
	

	Total
	27-30 + 
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	36-39, 38-41, 40-43 at 5/10/20 MHz


It is observed that the size of Format 0 can be reduced by about 8% by avoiding the inclusion of the DM RS cyclic shift index (CSI) when the serving cell does not apply SDMA. 
Moreover, there have been proposals to include:

a) 1 bit to indicate whether the UE should transmit ACK/NAK

b) 1 bit to indicate whether the SRS is present

c) 2 bits to indicate whether none, the first or the second, or both SRS combs are occupied by SRS transmission

In our view, none of the above signaling is necessary: 

a) Including 1 bit to indicate whether the UE should transmit ACK/NAK is a highly inefficient approach to deal with ACK/NAK DTX in the PUSCH and does not address non-adaptive transmissions (no UL grant) [4]. 
b) Including 1 bit to indicate whether the SRS is present also leads to unnecessary transmissions. First, all UEs are informed through the D-BCH of sub-frames not containing SRS transmission (and hence this bit is clearly redundant in such sub-frames). Second, in sub-frames with SRS transmission, it is highly unlikely that in fully loaded systems the SRS will not be transmitted in most of a UE’s PUSCH RBs. In any case, it is a scheduler implementation issue to ensure that resources are not wasted by how SRS transmission is scheduled. 

c) Including 2 bits to indicate the SRS comb used is also unnecessary for the same reasons as indicated above.   
A key differentiating characteristic for E-UTRA is the efficient PDCCH design. Redundant information and features should not be included and every effort should be made to minimize the PDCCH size.
2.2 Format 0A
Table 2 presents the proposed fields for Format 0A representing compact UL-SCH assignments [3].
Table 2: Format 0A – Compact UL-SCH Assignments
	Field
	Number of Bits
	Comments for Compact Size

	DL or UL Format
	0 
	Applicable only for Format 0

	RB assignment
	4
	Max 5 RBs PUSCH Allocation

	MCS
	3
	 QPSK only, up to 5 payload sizes - 3 entries reserved for RV

	NDI
	1
	NDI only (synchronous HARQ)

	CQI Report trigger
	0
	CQI Reports on PUCCH Only

	PUSCH TPC
	2
	PUSCH TPC

	Hopping Flag
	1
	Indicates Frequency Hopping

	Cyclic shift for DM RS
	0
	No SDMA for low SINR UEs (eNB scheduler choice) 

	UE Antenna Selection
	0
	FFS if UE Tx Antenna indicated – Implicit indication possible

	BW Selection
	1
	Indicates PUSCH Tx BW 
(last PUSCH Tx BW or last SRS BW)

	CRC
	16
	

	Total
	28 – Bandwidth Agnostic
	28%-35% Reduction over Format 0 at 10 MHz


QPSK only modulation and 5 payload sizes are adequate for low SINR UEs particularly considering corresponding UL CQI estimation errors. Periodic wideband CQI is assumed to be sent on the PUCCH but the corresponding 1 bit may be further included in Format 0A without materially affecting its properties relative to Format 0. 
It can be immediately observed that Format 0A offers 28%-35% reduction in the UL grant size relative to Format 0 (with CSI). These savings are further magnified by the fact that Format 0A applies to low SINR UEs for which the UL grant coding protection is up to 8x times larger [3]. Format 0A is therefore viewed as a critical enabler for achieving an efficient PDCCH design for minimizing the corresponding overhead and extending coverage.

2.3 Format 1
Table 3 presents the proposed fields for Format 1. 
Table 3: Format 1 – Full DL-SCH Assignments. Single Antenna, Tx Diversity
	Field
	Number of Bits
	Comment

	RB assignment
	6, 10, 15, 19, 21, 27
	1.4, 3, 5, 10, 15, 20 MHz
(including allocation header + transmission type)

	MCS
	5
	TB computed from RB assignment

	HARQ process
	6
	3 bits for process number, 2 bits for RV, and 1 bit for NDI

	PUCCH TPC
	2
	PUCCH TPC

	Distributed Transmission
	0
	Indication Included in RB Assignment

	CRC
	16
	

	Total
	29 +  [6, 10, 15, 19, 21, 27]
	44, 48, 56 at 5/10/20 MHz


There is no precoding matrix index information and single stream transmission is assumed. 
2.4 Format 1A
Table 4 presents the proposed fields for Format 1A.
Table 4: Format 1A – Compact DL-SCH Assignments. Tx Diversity Only.
	Field
	Number of Bits
	Comment

	DL or UL Format
	1
	UL or DL Grant

	RB assignment
	
[image: image3.wmf]é

ù

)

2

)

1

(

(

log

RB

RB

2

+

N

N


	Tree-based mapping - Bandwidth dependent

	MCS
	3-5
	QPSK only (5 payload sizes, 3 bits) or full MCS range (5 bits)

	HARQ process
	5-6
	3 bits for process number, 1-2 bits for RV, and 1 bit for NDI

	PUCCH TPC
	2
	PUCCH TPC

	Distributed Transmission
	0-1
	FFS if included in RB assignment

	CRC
	16
	

	Total
	27-31 + 
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	36-40, 38-42, 40-44 at 5/10/20 MHz


There is no precoding matrix index information and single stream transmission is assumed. Assuming Format 1A is targeted for low SINR UEs, it is possible to reduce the number of MCS by considering only QPSK modulation with 5 payload sizes (code rates). 
Whether to target further reductions, for example by having 1 bit for the RV (due to the reduced IR gains for cell edge UEs with Format 1A) and by semi-statically configuring the transmission type, may depend on whether the same size should be enforced with Format 0 under all possible combinations of DL BW and UL BW pairings. A resolution to this issue is first needed together with the possible DL/UL BW partitioning values (for example, the partitioning options of DL/UL sub-frames for TDD may provide some guidance). 
2.5 Format 2
Table 5 presents the proposed fields for DL-SCH assignments for closed loop SU-MIMO with one codeword (CW). 
Table 5: Full DL-SCH Assignments – Closed Loop SU-MIMO, One Codeword.
	Field
	Number of Bits
	Comment

	RB assignment
	6, 10, 15, 19, 21, 27
	1.4, 3, 5, 10, 15, 20 MHz
(including dynamic header + allocation)

	MCS
	5
	TB computed from RB assignment 

	HARQ process
	6
	3 bits for process, 2 bits for RV, and 1 bit for NDI

	PUCCH TPC
	2
	PUCCH TPC

	Distributed Transmission
	0
	Indication Included in RB Assignment

	PMI
	5
	1 bit PMI confirmation – 4 bits PMI indication 

	CRC
	16
	

	Total
	34 +  [6, 10, 15, 19, 21, 27]
	49, 53, 61 at 5/10/20 MHz


Note that the only difference relative to Format 1 is the PMI. 

Table 6 presents the proposed fields for DL-SCH assignments for closed loop SU-MIMO with two codewords. 
Table 6: Format 2 - Full DL-SCH Assignments – Closed Loop SU-MIMO, Two Codewords.
	Field
	Number of Bits
	Comment

	RB assignment
	6, 10, 15, 19, 21, 27
	1.4, 3, 5, 10, 15, 20 MHz (dynamic header + allocation)

	Transport Format
	8
	32 MCS levels for 1st CW and 8 MCS levels 2nd CW 

	HARQ process
	10
	4 bits for the 2 HARQ processes number 

4 bits for the RV and 2 bits for NDI

	PUCCH TPC
	2
	PUCCH TPC

	Distributed Transmission
	0
	Indication Included in RB Assignment

	PMI
	5
	1 bit PMI confirmation – 4 bits PMI indication

	Transmission Rank
	0 or 2
	0 for 2 Tx antennas  -   2 for 4 Tx antennas

	CRC
	16
	

	Total
	41-43 +  [6, 10, 15, 19, 21, 27]
	56-58, 60-62, 68-70 at 5/10/20 MHz


Note that the only difference relative to the one CW case is the support for the second CW. 

The 2-CW format is larger than the 1-CW format by 7-9 bits, depending on the number of antennas, and this includes a reduction of 2 bits for the MCS assignment of the second CW. The issue then is whether the 1-CW format and the 2-CW format should be merged into a single one (the same as the 2-CW one). The tradeoff is PDCCH efficiency versus PDCCH decoding complexity. These two aspects are briefly further considered.

Primarily due to their size, the 1-CW and the 2-CW formats are not considered to be transmitted for the lowest code rate. Instead, either dedicated RS or the introduction of a new format similar to Format 1 or Format 1A but with 4-5 bits of precoding information (Format 1B) is assumed for cell edge UEs. Then, the difference in the number of bits becomes less important as it will not be magnified by the lowest code rate and does not always occur (only when 1-CW is used). This conclusion points towards merging these two CL SU-MIMO formats.
Regarding the decoding complexity, if 1 CCE and 8 CCE aggregations do not apply, the decoding complexity may not be meaningfully impacted when the UE needs to decode both of these formats. For example, for the current assumption of CCE aggregations in the UE-common and UE-specific search spaces, there are only two more decoding operations the UE needs to perform if the 1-CW format and the 2-CW format are kept separate even if a UE configured for CL SU-MIMO needs to decode both formats.

Nevertheless, in order to provision for possible re-configurations of the CCE aggregations in the UE-common and UE-specific search spaces and given that the difference in the number of bits for the 1-CW format will not be magnified by low PDCCH code rates, it is preferable to merge the two formats into a single one which constitutes Format 2.
2.6 Format 2A
Table 7 presents the proposed fields for Format 2A which corresponds to open loop SU-MIMO. 
Table 7: Format 2A – Full DL-SCH Assignments – Open Loop SU-MIMO.
	Field
	Number of Bits
	Comment

	RB assignment
	6, 10, 15, 19, 21, 27
	1.4, 3, 5, 10, 15, 20 MHz  (dynamic header + allocation)

	Transport Format
	5
	32 MCS levels for 1st CW, FFS on use of additional bits for indicating different TF for 2nd CW 

	HARQ process
	10
	4 bits for the 2 HARQ numbers 

4 bits for the two RVs and 2 bits for NDIs

	PUCCH TPC
	2
	PUCCH TPC

	Distributed Transmission
	0
	Indication Included in RB Assignment

	Transmission Rank
	0 or 2
	0 for 2 Tx antennas  -   2 for 4 Tx antennas

	CRC
	16
	

	Total
	33-35 +  [6, 10, 15, 19, 21, 27]
	48-50, 52-54, 60-62 at 5/10/20 MHz


Format 2A should be a new, semi-statically assigned, PDCCH format.
3 Conclusions
This contribution considered the DL-SCH and UL-SCH assignment formats for FDD. Without MIMO, the contents for a regular and a compact UL-SCH and DL-SCH assignments are proposed. With SU-MIMO, the contents for 2 separate formats, corresponding to closed loop SU-MIMO and open loop SU-MIMO, are proposed. MU-MIMO can be supported with the same format as SU-MIMO.
A UE also needs to decode the RACH response (only at the initial setup), the paging indicator channel (PICH), and the TPC for PUSCH transmissions (without an UL-SCH assignment). These formats were not addressed in this contribution.
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