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1. Introduction

This contribution addresses the issue of payload specifications for the UL and DL signalling grants. In RAN #48bis the starting point for L1/L2 control signalling design was agreed in [1]. In that document estimation of CCE size in RE as well as needed aggregation possibilities of CCEs/coding rates were discussed. In the agreement approximate payload sizes for UL and DL signalling entity were defined.  
In RAN1#50 the DL-CCH contents were discussed and clarified [2]. This contribution further clarifies the contents and estimates the payload size for multi stream and single stream UL/DL signalling entities, called DCI formats [3]. 

The PDCCH also carries other information which is partly included in [3] and in addition there exists separate contributions on how to signal the paging channel, RACH response and D-BCH [10]. In RAN1#52 the PDCCH contents were further specified and documented in [11]. 
In this contribution we further refine the details of the PDCCH contents and also introduce open loop MIMO operation with low signalling overhead. This is an upgraded version of the contribution R1-080924.
2. DL Scheduling information
In [3] it is proposed that three formats called format 1A, format 1 and format 2 can be used for the DL signalling entity. The signalling entity payload will depend on the bandwidth. Most of the information signalled in the DL signalling entity is bandwidth independent, however the resource allocation and possibly. A DCI contains downlink information for one MAC ID. The MAC ID is implicitly encoded in the CRC bits. In this section we show a 5 MHz system bandwidth example of the DL signalling entities. 
2.1 DCI Format 1A
According to [3], the DCI format 1A is used for a compact transmission of DL-SCH assignments for SIMO operation and the following information is transmitted by means of the DCI format 1A:

· Distributed transmission flag – 1 bit

· Resource block assignment –  
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· Transport format

· HARQ process number

· Retransmission sequence number

· TPC command for PUCCH and persistent PUSCH – 2 bits

Additionally to the list provided above it is proposed to include explicitly a single bit flag for format0/format1A differentiation. The information bits used for format 1A is limited to information bits needed for format 0, thus this signalling entity is assumed to allow reduced flexibility of RB allocation (contiguous VRB) and thus possible reduced FDPS gain. For that purpose it is proposed that this format would be limited to open loop transmit diversity or open loop spatial multiplexing use cases only.  In case of open loop spatial multiplexing it is assumed that the codewords share the same HARQ process.
TABLE 1: 5MHz example of DCI format 1A and CRC for short DL signalling entity
	5MHz

	DL

	Purpose
	used bits
	Comment

	UL or DL 
	1
	Flag indicating whether the information of this grant is format 1A or format 0 [3],[4].

	Resource Allocation
	9
	Consecutive VRB assigned to UE. Different BW
1. 1.4MHz  ~5 bits

2. 3MHz    ~7bits

3. 10MHz   ~11bits
4. 15MHz   ~12 bits
5. 20MHz   ~13 bits

	Transport format
	5
	Transport format indicator [9]

	Distributed transmission
	1
	To inform how VRBs are mapped to PRB

	TPC command
	2
	Relative power commands for PUSCH 

	HARQ process
	3
	For asynchronous HARQ 3-4 bits to identify the HARQ process. 

	RV
	2
	Indicates the RV

	NDI
	1
	Indicates NDI, toggled for each new transport block

	Codeword indicator
	2
	Indicates open loop transmit diversity or spatial multiplexing; 1-2 bits required depending on eNB antenna configuration & UE capability (A-B or A-D):

A) Open loop Tx diversity - 1 codeword

B) Open loop MIMO - 2 codewords, 2 layers
C) Open loop MIMO - 2 codewords, 3 layers

D) Open loop MIMO - 2 codewords, 4 layers

	UE_id +CRC
	16
	16-bit CRC for all BWs is the WA

	Payload size

	DCI bits format 1A with CRC
	42
	No closed loop MIMO support. For small BWs some additional improvements for more efficient signaling might be possible.
1. 1.4MHz  38 bits

2. 3MHz     40 bits

3. 10MHz   44 bits

4. 15MHz   45 bits

5. 20MHz   46bits


2.2 DCI Format 1

According [3] DCI format 1 is used for the transmission of DL-SCH assignments for SIMO operation. At least the following information is transmitted by means of the DCI format 1:

· Resource block assignment and header 
· Transport format

· HARQ process number

· Retransmission sequence number

· TPC command for PUCCH and/or persistent PUSCH – 2 bits
Additionally to the list provided above it is proposed that pre-coding is assumed to be signalled with 2 bits indicating four different possibilities. 
TABLE 1: 5MHz example of DCI format 1 and CRC for DL signalling entity
	5MHz

	DL

	Purpose
	used bits
	Comment

	Resource Allocation
	14
	The resource allocation includes dynamic header. The principles for dynamic header can be found from [3]. For 1.4MHz there is no header required. The number of bits required for header and allocation will be then:

1. 1.4MHz  ~6 bits

2. 3MHz    ~9 bits

3. 10MHz   ~18bits

4. 15MHz   ~20 bits

5. 20MHz   ~26 bits



	TPC command
	2
	Power Control for PUCCH.

	HARQ process
	3
	For asynchronous HARQ 3-4 bits to identify the HARQ process 

	RV
	2
	Indicates the RV

	NDI
	1
	Indicates NDI, toggled for each new transport block

	Transport format
	5
	Transport format indicator [9]

	Pre-coding
	2
	Pre-coding information: 

A) use the pre-coding suggested by UE

B) use the pre-coding applied for the last positively acknowledged DL transmission.

C) Use the default pre-coding (TBD)
D) Use open loop tx-diversity 

	MAC-ID +CRC
	16
	16.bit CRC is the WA

	Payload size

	DCI bits format 1 with CRC
	45
	Single stream transmission. For other BW the needed bits would then be:
1. 1.4MHz  37bits

2. 3MHz     40 bits

3. 10MHz   49 bits

4. 15MHz   51 bits

5. 20MHz   57 bits


2.3 DCI Format 2

According [3] DL-CCH format 2 is used for the transmission of DL-SCH assignments for closed loop MIMO operation. At least the following information is transmitted by means of the DL-CCH format 2:
In general: 
· Resource block assignment
· TPC command for PUCCH and/or persistent PUSCH -2bits
For the first codeword: 
· Transport format
· HARQ process number
· Retransmission sequence number

For the second codeword:
· Transport format
Other issues which are agreed to be known are the HARQ process number and retransmission sequence number for the second codeword as well as the number of layers. However it was not agreed whether they can be implicitly derived from other information or by some rules or included as separate field for the format 2. It is proposed here that the number of layers is explicitly signalled in DCI format 2. 
TABLE 2: 5MHz example of DCI format 2 and CRC for DL signalling entity
	5MHz

	DL

	Purpose
	used bits
	Comment

	Resource Allocation
	14
	The resource allocation includes dynamic header. The principles for dynamic header can be found from [3]. For 1.4MHz there is no header required. The number of bits required for header and allocation will be then:

6. 1.4MHz  ~6 bits

7. 3MHz    ~9 bits

8. 10MHz   ~18bits

9. 15MHz   ~20 bits

10. 20MHz   ~26 bits

	PC
	2
	Power Control for PUCCH

	HARQ process
	4
	For asynchronous with dual CW 3-4 bits to identify the HARQ process is needed. If UE is configured for persistent allocation one or more HARQ processes are reserved to indicate persistent allocation. 

	RV
	2
	Indicates the RV

	NDI
	1
	Indicates NDI, toggled for each new transport block

	Transport format of first CW
	5
	Transport format indicator [9]

	Number of layers
	2
	Either 1 or 2 bits to indicate whether 1,2,3,or 4 layers are used:
A) A 2 tx eNode-B and UE classes capably to receive 2 layers. Number of layers: 1 bit

B) A 4 tx eNode-B and UE classes capable to receive 4 layers. Number of layers: 2 bits 
FFS whether 2 bits are always used 

	Additional Information needed for spatial multiplexing SU-MIMO support

	Pre-coding
	2
	Pre-coding information: 

A) use the pre-coding suggested by UE

B) use the pre-coding applied for the last positively acknowledged DL transmission.

C) open loop MIMO
D) Use open loop tx-diversity

	Second codeword Transport format
	Z
	0-5 bits relative to the transport format for the first code word. 

	Second codeword HARQ process
	Q
	It is FFS how many bits are needed on range 0-5 taking the TDD requirements into account.

	Second codeword NDI/RW
	1
	New data indicator and redundancy version for second codeword 1-3 bits

	MAC-ID +CRC
	16
	16-bit CRC is the WA

	Payload size

	DCI bits format 2 with CRC
	49 +Z+Q
	Format 2 enabling spatial multiplexing SU-MIMO. For other BW the needed bits would then be:

6. 1.4MHz  41 +Z+Q bits

7. 3MHz    44 +Z+Q bits

8. 10MHz   53 +Z+Q bits

9. 15MHz   55 +Z+Q bits

10. 20MHz   61 +Z+Q bits
Some further optimization might be possible for low BW case.


3. UL Scheduling information
In [3] it is proposed that format 0 is used for UL signalling entity. The DCI format 0 transports uplink scheduling information for one MAC ID.  The MAC ID is implicitly encoded in the CRC bits. The information contents signalled in the UL signalling entity is bandwidth independent, however the resource allocation and possibly the CRC bit field depend on bandwidth. Therefore the signalling entity payload will depend on the bandwidth as in case of the DL signalling entity, however the bit field increase with bandwidth for resource allocation is not similar for DL and UL. Thus the difference between UL and DL signalling entities does not stay constant with different possible system bandwidths. 
In this section we show the contents of DCI format 0 demonstrating a 5 MHz system bandwidth example with 1 or 2 tx antennas in terminal. This example does not consider whether there is a need for a specific format of the UL signalling entity in TDD. 
3.1 DCI Format 0

According to [3], DCI format 0 is used for the transmission of UL-SCH assignments. As described in [3] at least the following information is transmitted by means of DCI format 0:

· Resource block assignment and hopping resource allocation – 
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· Transport format
· Retransmission sequence number
· TPC command for scheduled PUSCH – 2 bits
· Hopping flag – 1 bit

· UL index (this field just applies to TDD operation)
Other issue which is agreed to be known is antenna switching, flag for format0/format1A differentiation and cyclic shift for DM RS. However it was not agreed whether this can be implicitly derived from other information or from some rules or included in the format 0. Our proposal is not to include explicit signalling of antenna switching for format 0, for further details see [5], but include explicit signalling of DM RS and flag for format0/format1A differentiation. Additionally to the list provided above it is proposed to include indicators for sounding pilot, CQI and ack/nack.
TABLE 3: 5MHz example of DCI format 0 for UL signalling entity with CRC, this example do not consider the TDD specific issues
	5MHz

	UL

	Purpose
	Used bits
	Comment

	UL or DL 
	1
	Flag indicating whether the information of this grant is intended for UL or short DL grant [3].

	Resource Allocation
	9
	Consecutive VRB assigned to UE. Different BW

1) 1.4MHz  ~5 bits

2) 3MHz    ~7bits

3) 10MHz   ~11bits

4) 15MHz   ~12 bits

5) 20MHz   ~13 bits



	Transport format
	5
	Transport format indicator [9] and RV indication

	Hopping flag
	1
	Indicate the usage of FH.

	TPC command
	2
	Relative power commands for PUSCH. 

	Sounding pilot indication
	1
	Indicating is sounding pilot present in the last LB (from other UEs) or is the last LB available for data [6]. 

	CQI indication
	1
	Scheduled CQI report should be included with the data [7].

	ACK/NACK indication
	1 
	Indicating whether UE should reserve a resource for ACK/NACK in PUSCH [8]. This prevents the need of ACK/NACK DTX detector when UL data is present. For TDD 2 bits are needed for this [8]. 

	NDI
	1
	Indicate NDI

	Cyclic shift for DM RS
	3
	Signaling the cyclic shifts of RS is 2-3 bits. 

	UE_id +CRC
	16
	16-bit CRC is the WA

	Payload size

	UL Signalling entity
	39
	No MU-MIMO support included. 

For other BW the needed bits would then be:

11. 1.4MHz  35  bits

12. 3MHz    37  bits

13. 10MHz   41 bits

14. 15MHz   42 bits

15. 20MHz   43bits

	UL Signalling entity
	42
	Multi-antenna support included.
For other BW the needed bits would then be:

16. 1.4MHz  43  bits

17. 3MHz    45  bits

18. 10MHz   53 bits

19. 15MHz   54 bits

20. 20MHz   55 bits


4. Discussion and Conclusions
In this contribution needed signalling bits for DL and UL grants and were estimated. Examples were given for 5MHz system bandwidth in which case the estimated number of bits needed for DCI format 1 is 45. For two codeword transmission format 2 is used, and this increases the DCI content with ~5-17 bits. For the UL signalling entity 42 bits are needed, where 3 bits cover multi-antenna techniques in UL.
It is proposed to take into account the needed bits to signal different DCI entities in PDCCH and include the introduced additional bit fields to the signalling formats. For UL signalling DCI format 0 additional bit fields include indicators for sounding pilot, CQI and ack/nack; moreover it is proposed to include explicitly the flag for format 1A/format 0 differentiation as well as a CSI flag. For DL signalling format 1A it is proposed to include explicitly a flag for format 1A/format 0 differentiation. For format 1 it is proposed to include precoding information. For format 2 it is proposed to include layer signalling and precoding information explicitly; the need to indicate TFI and HARQ process information for the second CW is FFS. For format 1A low overhead open loop MIMO operation is included.
It is also proposed to take into account the needed payloads of UL and DL signalling entities when designing the size of CCE. The target of the design should be to only allow as few CCE sizes as possible with maintaining the nearly constant coding rates. Based on this contribution, the CCE size of 36 RE seems to be about sufficient for 5MHz..The 1.4 MHz case might need more careful thinking when the details of the baseline case are ready.
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