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1. Introduction

In 3GPP Rel-8 LTE, single antenna port transmission mode is defined for uplink transmission with DCI format 0 [1] used for uplink grant. In LTE-A, multiple antenna transmission is employed for uplink to fulfill the requirement of peak/average UE throughput, thus requiring SU-MIMO supporting up to 4 layers. On top of that, non-contiguous resource allocation is also agreed although it harms single carrier property in SC-FDMA transmission. Thus, newly defined DCI format seems to be needed for new multiple antenna transmission modes including SU-MIMO mode and/or non-contiguous resource allocation in LTE-A. 
In this contribution, we therefore discuss on new uplink transmission modes and its associated control signaling support.
______________________________________________________________________________

2. UL transmission mode for LTE-A
Regarding UL SU-MIMO spatial multiplexing, we can define new transmission modes as follows:
· Mode A: Closed-loop spatial multiplexing with multi transport block

For LTE-A SU-MIMO spatial multiplex, up to two transport blocks can be transmitted from a scheduled UE. Each transport block has its own MCS level. To support dynamic rank adaptation, two MCS indicators for each TB should be included in a DCI format. Also, precoding information for all transmission rank should be involved in a control message.
· Mode B: Closed-loop spatial multiplexing with single layer
Similar to Rel-8 DL MIMO, to support rank-1 beamforming with low control signalling overhead, closed-loop spatial multiplexing with single layer can be defined. DCI format for this mode can be composed using one MCS and rank-1 precoding information.

· Default mode: UL single antenna transmission in Rel-8

It was agreed that the UL single antenna mode is the default mode before eNodeB is aware of the UE transmit antenna configuration. This default mode can be used as fall-back transmission mode for Rel-10 UL transmission.
Transmission mode is configured through RRC signaling and semi-statically changed. However, in order to operate in mode transient interval or assure robust transmission, it should be supported that transmission mode is dynamically changed into default mode. For dynamic mode change between eNodeB configured mode and default mode, it is considered in Rel-8 that UE searches two DCI formats (i.e. a DCI format corresponding DL transmission mode and DCI format 0/1A) in UE search space. Similar to Rel-8, dynamic mode change can be supported for UL transmission in LTE-A. For UL SU-MIMO transmission or non-contiguous resource allocation, new DCI formats will be defined. To support dynamic mode change for UL transmission in Rel-10, UE may search up to three DCI formats which have different size. In this case, additional 16 blind decoding should be operated. In order not to increase decoding complexity, it can be considered that new DCI format for UL transmission is designed to have same size with DCI format 0/1A or one of DCI formats for DL transmission.
Since default mode is already defined in Rel-8, we here focus on new transmission modes such as Mode A and Mode B mentioned above and discuss from the control signaling support point of view.

______________________________________________________________________________

3. Control signalling requirements

In this section, we focus on control signalling requirements to support UL SU-MIMO. Table 1 shows contents of DCI formats for uplink transmission modes.
Table 1. Contents of DCI format for PUSCH transmission in LTE-A

	Contents
	Number of bit
	Comment

	
	Mode A
	Mode B
	

	Flag for UL/DL format differentiation
	0 / 1
	0 / 1
	

	Hopping flag
	0 / 1
	0 / 1
	

	Resource block assignment
	N+(
	N+(
	* N-bit for Rel-8 UL allocation method
*To support new method of resource allocation, (-bit can be added

	1st CW
	MCS and RV
	5
	5
	

	
	NDI
	1
	1
	

	2nd CW
	MCS and RV
	5
	-
	

	
	NDI
	1
	-
	

	TB to codeword swap flag
	1
	-
	

	Precoding information
	M
	Less than M
	2Tx: 3-bit, 4Tx: 6-bit

	TPC command for scheduled PUSCH
	2+(
	2+(
	* To support per antenna power control, (-bit can be added.

	Cyclic shift for DMRS
	3
	3
	

	UL index (for TDD)
	2
	2
	

	Downlink Assignment Index (for TDD)
	2
	2
	

	CQI request
	1
	1
	


· Flag for UL/DL format differentiation
To reduce the number of PDCCH blind decoding complexity, the same DCI format size can be used for both downlink and uplink in SU-MIMO transmission mode.
· Hopping flag and resource block assignment
In RAN#60 meeting, it was agreed that frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation. Therefore, the hopping flag may not be needed in a DCI format only supporting non-contiguous resource allocation. However, if a DCI format supports both resource allocation methods, the hopping flag can be included in the case that the contiguous resource allocation is used for PUSCH transmission. 
· MCS and redundancy version / NDI for 2nd transport block
For UL SU-MIMO, it was decided that no layer shifting is employed. Therefore, each codeword may experience independent channel condition and the independent channel condition across the codewords becomes even more serious when a UE suffers from antenna gain imbalance. Therefore, similar to Rel-8 DL MIMO, independent 5-bits MCS and RV field for each transport may be helpful to support UL MIMO channel condition. 
Non-blanking H-ARQ process seems to provide reliable performance for SU-MIMO transmission so that NDI for 2nd TB is needed to support non-blanking H-ARQ process in synchronous adaptive retransmission.
· Disabled transport block indication
To support one transport block transmission among two TBs (e.g. one CW to one layer mapping or one CW to two layer mapping), it should be indicated whether transport block is enabled or disabled. In Rel-8 DL MIMO, disabled transport block is notified by using ‘MCS = 0 and RV =1’. However, since modulation order, transport block size and redundancy version in MCS table for PUSCH are jointly coded, disabled TB indication method used in DL MIMO cannot be reused for UL MIMO transmission. Therefore, it should be further discussed that how to indicate disabled TB in uplink transmission.
· Transmission PMI
As defined in [2], for uplink spatial multiplexing with two transmit antennas, 3-bit precoding codebook can be used. Also, for uplink spatial multiplexing with four transmit antennas, a 6-bit precoding codebook can be used. 
· Codeword swap flag
As it is employed in LTE downlink MIMO, the codeword swap flag can be also used for uplink SU-MIMO to handle the situation in which a specific codeword suffers from deep fading or antenna gain imbalance. In this case, codeword swapping for retransmission allows spatial diversity gain to a specific codeword.

· Cyclic shift indication for UL DMRS
For multi-layer channel estimation, it was agreed that cyclic shift separation is the primary multiplexing scheme for UL DMRS. To allocate CS indices for multi-layer, minimum required bit for CS indication is 3-bit. When one CS for a layer is indicated, CS indices for other layers can be allocated by using predefined rule.
· TPC command for scheduled PUSCH

Per antenna power control support is FFS

______________________________________________________________________________

4. Summary
In this contribution, we discussed UL transmission mode for LTE-A and control signalling requirement. The discussions can be summarized as follows:  
· Additional two transmission modes can be newly defined for uplink multi-antenna transmission support such as uplink SU-MIMO mode and single layer beamforming mode.
· The control signalling support for these two transmission modes is discussed
· Further details of DCI  format design to support uplink MIMO transmission are needed 
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