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1. Introduction

Two PUSCH transmission modes for Rel-10 were agreed in last RAN1 meeting, the details are as below:

· PUSCH Mode 1 is the single antenna port mode
· Two difference configurations exist in this mode

· One configuration is Rel-8 PUSCH transmission scheme

· The other configuration supports both contiguous and non-contiguous RA (dynamically configured by PDCCH), Rel-10 OCC/CS mapping table, and dynamic aperiodic SRS triggering (if configured)

· The additional possibility of (de-)configuring the Rel-10 OCC/CS mapping table is FFS

· PUSCH Mode 2 is the multiple antenna port mode

· Two different configurations exist in this mode (if reference DCI format 4 is used):
· Antenna ports  {0,1} are configured for PUSCH      (i.e. PUSCH is using 2TX codebook)
· Antenna ports  {0,1,2,3} are configured for PUSCH (i.e. PUSCH is using 4TX codebook)
· FFS  the details of configuration, i.e,  UE-specific or cell-specific, etc  
· If fallback DCI format 0 is received by the UE

· A single antenna port is used
It was also agreed that the PUSCH transmission mode, the PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC.

In this contribution, we present our considerations on the details of DCI format 4 in PUSCH Mode 2. 
2. Discussion
In Rel-8/9, DCI format 0 is used for the scheduling of PUSCH. The details of DCI format 0 are shown below:

· Flag for format0/format1A differentiation – 1 bit
· Frequency hopping flag – 1 bit
· Resource block assignment and hopping resource allocation – 
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· Modulation and coding scheme and redundancy version – 5 bits
· New data indicator – 1 bit
· TPC command for scheduled PUSCH – 2 bits
· Cyclic shift for DM RS – 3 bits
· UL index – 2 bits
· Downlink Assignment Index (DAI) – 2 bits
· CQI request – 1 bit
For supporting the uplink spatial multiplexing and some new features (aperiodic SRS, non-contiguous resource allocation and DMRS/OCC table), DCI format 4 in PUSCH transmission mode 2 should contain some information fields for these new features above.  We will discuss those details in the next section.
3. Details of DCI formats in PUSCH Mode 2
To support UL MIMO with multi-codewords and precoding, the following aspects should be considered to design DCI format 4 as follows.

· Multi-cluster flag:  To indicate contiguous resource allocation or non-contiguous resource allocation.
· MCS and NDI bits: 2 MCS(one MCS per CW) and 2 NDI (one NDI per CW) in the DCI format should be supported.

· TPC command for PUSCH: Transmit power control bits. For carrier base power control, 2 bit is needed. If new requirement is considered (e.g antenna level power control) more bits is needed.

· Precoding Information and RI bits: 3 bits for 2 ports and 6 bits for 4 ports.
 Different numbers of antenna ports need different PMI bits. As shown in table 1-2, 6 bits are required for indicating the precoding indexes in the case of four antenna ports, and 3 bits should be used in the case of two antenna ports. Some different ideas for precoding information and RI bits number are proposed in [2-3]. From the extension of precoding matrix and the consistency of meeting agreement point of view, we proposed 3 bits for 2 ports and 6 bits for 4 ports.

Table 1: Number of precoding matrixes with four antenna ports
	Number of precoding matrixes
	1 TB disabled, 1 TB enabled 
	2 TB enabled 

	1 layer 
	24
	

	2 layers 
	16
	16

	3 layers 
	
	12

	4 layers 
	
	1

	Total 
	40
	29


Table 2: Number of precoding matrixes with two antenna ports
	Number of precoding matrixes
	1 TB disabled, 1 TB enabled 
	2 TB enabled 

	1 layer 
	6
	

	2 layers 
	1
	1

	Total 
	7
	1


· TB disabling: In [3-7], many schemes have been introduced. Considering scheduling limit and complication of application, we proposed that using MCS and NDI jointly to indicate TB disabling as baseline [1]. For example, MCS=29 & NDI is toggled can be used to indicate the disabled TB, because these two states should not be configured simultaneously for the enabled TB case. 
· UL index: For TDD configuration 0, 2 bits are needed.
· Downlink Assignment Index: 2 bits DAI may be needed.
· CW to TB swap bit: Similar to DL formats, it is defined for multi-codewords transmission.
· SRS request for aperiodic SRS: FFS. 2~3 bits may be needed.
· CQI request：FFS. 1 bit may be needed for aperiodic CQI request. 
Because two transport blocks could be supported in the multiple mode, the triggering of aperiodic CQI-only PUSCH transmission should be related to the number of enabled TB.
· If only one TB is enabled, the aperiodic CQI-only PUSCH can be enabled by setting IMCS(enabled TB)=29, 
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 and CQI request=1. 
· If two TBs are enabled, IMCS=29 of one TB (at least one TB), 
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 and CQI request=1 will trigger the aperiodic CQI-only transmission on the corresponding transport block. In the case of IMCS1=IMCS2=29, 
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 and CQI request=1, aperiodic CQI-only transmission will be enabled on one default TB, and the other transport block is used for UL-SCH transmission. 
Considering above IEs, the information bits of DCI format 4 can be defined as follows:

Table 3: The proposed information fields of format 4 
	Information Fields
	Bits number
	Comment

	Multi-cluster flag
	1
	To indicate contiguous resource allocation or non-contiguous resource allocation.

	Resource block assignment and hopping resource allocation
	FFS
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bits for multi-cluster allcation

	MSC level
	10
	MCS for CW 1 and CW 2

	New data indicator
	2
	NDI for CW1 and CW 2

	TPC command for PUSCH
	FFS
	Transmit power control bits
For carrier base power control, 2 bit are needed. If new requirement is considered(e.g antenna level power control, more bits is needed)

	Cyclic shift for DM RS
	3
	The same as format 0

	UL index
	2
	UL index for TDD configure 0

	Downlink Assignment Index 
	2
	DAI bits may be needed to FDD CA also

	Transport block to codeword swap flag 
	FFS
	1bit for TB to CW Swap Flag

	Precoding information
	FFS
	3 bits for 2 ports; 

6 bits for 4 ports.

	CQI request
	1
	Request for aperiodic CQI

	SRS request
	FFS
	Related to SRS discussion.

1~2 bits may be needed.


4. Summary
In this contribution, we discuss the control signalling requirements for UL MIMO transmission mode in LTE-A. Some details of DCI format 4 are presented. We have following proposals:

· For precoding Information and RI bits, 3 and 6 bits should be used for 2 and 4 antenna ports case respectively.

· TB disabling can be indicated by MCS and NDI jointly. 

· The triggering of aperiodic CQI-only PUSCH transmission should be related to the number of enabled TB.
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