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1. Introduction

In Rel-10, uplink multi-antenna transmission mode has been agreed to support and its related transmission scheme and reference signal were discussed. In RAN1 #61 meeting, uplink multi-antenna transmission mode related discussion was made and follows were agreed:

· At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple APs: 

· Single-antenna port mode

· Multi-antenna port mode supporting up to 2 TB (the number of antenna ports depends on the UE capability). 

· FFS whether or not a third RRC-configured multi-antenna transmission mode is needed

· For PUSCH, a dynamic switching between the configured transmission scheme and a single-port fallback scheme with the same DCI format for all RRC configured modes.  

In order to finalize the uplink multi-antenna support in Rel-10, it seems that further details of the multi-antenna configuration and its associated control signaling design is required. Therefore, in this contribution, we discuss on two issues such as the UL transmission mode and DCI format design for multi-antenna support.

______________________________________________________________________________

2. UL Transmission Mode
It is obvious to employ additional uplink transmission mode for the multi-antenna transmission although it is still open whether multiple modes will be introduced for multi-antenna support such as multi-layer supporting mode and single-layer supporting mode. It seems that at least the multi-layer supporting mode should be defined and the single-layer supporting mode can be discussed further. Since the single antenna fall-back is possible for PUSCH transmission, at least two transmission modes can be defined in Rel-10 as shown in the table 1.

 Table 1. Transmission modes in Rel-10
	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Single-antenna port mode
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port

	Multi-antenna port mode
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port

	
	DCI format 4
	UE specific by C-RNTI
	Closed-loop spatial multiplexing


Since the dynamic single antenna fall-back is agreed for multi-antenna port mode in order to handle the mode transient duration between two modes, the multi-antenna port mode supports DCI format 0 based single antenna fall-back as used in Rel-8 downlink with DCI format 1A. In table 1, the multi-antenna transmission mode support 2 antenna ports or 4 antenna ports equipped UE as the Rel-8 transmission modes used regardless of the number of antenna port at eNB.
        It has been proposed that additional multi-antenna mode supporting a single layer transmission should be defined in order to allow rank-1 beamforming while keeping the DCI format overhead small. The minimizing DCI format size is beneficial to increase coverage since lower coding rate can be used in a given aggregated number of CCE. However, there are still several ways to overcome the PDCCH coverage problem when DCI format 4 is used within the multi-antenna port mode such as fall-back with DCI format 0. Therefore, it is preferred not to define additional compact format for multi-antenna port mode in order to avoid unnecessary mode.
______________________________________________________________________________

3. DCI Format for UL Multi-antenna Mode
For Multi-antenna port mode, spatial multiplexing scheme supporting up to 2 transport blocks is adopted. To support spatial multiplexing scheme, specific control signaling (e.g. MCS/NDI for 2nd transport block and precoding information) should be defined in new DCI format. In Table 2, an example of contents for new DCI format for uplink spatial multiplexing scheme is shown.
Table 2. Details of DCI format 4 in multi-antenna mode
	Contents
	# of bit
	Comment

	Frequency hopping flag
	[1]
	

	Resource block assignment and hopping resource allocation
	N
	

	Multi-cluster flag
	1
	

	TPC command for scheduled PUSCH
	[2]
	Depend on a decision of multi-antenna PC discussion

	Cyclic shift for DMRS
	3
	

	UL index (for TDD)
	2
	

	Downlink Assignment Index (for TDD)
	2
	

	CQI request
	1
	

	1st TB
	MCS and RV
	5
	

	
	NDI
	1
	

	2nd TB
	MCS and RV
	[5]
	

	
	NDI
	1
	

	Precoding and Rank information
	[M]
	2Tx: 3-bit, 4Tx: 6-bit

	TB to codeword swap flag
	[1]
	

	Aperiodic SRS request
	[1]
	Depend on a decision of SRS discussion


· MCS and redundancy version / NDI for 2nd transport block
Similar to Rel-8 DL MIMO, independent 5-bits MCS and RV field for each transport is defined because independent MCS fields are very helpful to support multi-antenna transmission. Also, NDI field for 2nd TB is defined 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. In [3] – [6], three alternatives were proposed for TB disabling (i.e. PMI field to indicate TB disabling, N_RB =1 with MCS/RV index of 29 and toggled NDI with MCS/RV index of 29). As a straight-forward alternative to indicate TB disabling, we prefer toggled NDI with MCS/RV index 29. 
· Precoding information
For uplink spatial multiplexing with two transmit antennas, 3-bits for precoding codebook is defined. Also, for four transmit antennas, 6-bit for precoding codebook is used. 
· Codeword swap flag
Similar to 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. However, to make a DCI format more compact, CW swap flag can be removed.
______________________________________________________________________________

4. Summary
In this contribution, we discussed UL transmission mode for LTE-A and control signalling requirement. The discussions can be summarized as follows:  
· Two transmission modes (i.e. Single antenna port mode and multi-antenna port mode) are sufficient for UL transmission in LTE-A. 
· Further details of new DCI format design to support uplink MIMO transmission are needed.
· For disabled transport block indication, toggled NDI with MCS/RV index 29 can be defined.
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