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1. Introduction

Issues on uplink transmission mode have been discussed in order to support uplink multiple antenna transmission efficiently. RAN1#61 meeting concluded transmission mode related issues as following [1]:
· 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.
Accordingly, there are proposals on DCI format design and details on transmission mode for SU-MIMO support [2]-[11]. This document discusses these aspects.

2. Discussion
2.1. The transmission mode and search space arrangement
Before going into details on DCI format design, it is necessary to discuss the transmission mode and search space arrangement in case of UL multi-antenna transmission mode. Particularly, we think RAN1 needs first to take a decision on the new DCI formats and their relation to search space and transmission mode before DCI content issues such as available fields or transport block disabling are discussed.

Here intended discussion is dynamic scheduling side, while SPS related is treated in next section.
A straight forward way to support already agreed multi-antenna port mode as above is like following.
Alt.1

	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	UL TM 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port.

	
	DCI format X
	UE specific by C-RNTI
	Multi –antenna port precoding (rank1 precoding functionality is supported by single layer allocation)


In addition, following extension might be considered if additional multi-antenna transmission mode is supported, which is specific to rank 1 precoding.

Alt.1’
	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	UL TM 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port.

	
	DCI format X
	UE specific by C-RNTI
	Multi –antenna port precoding (rank1 precoding functionality is supported by single layer allocation)

	UL TM 2
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port.

	
	DCI format Y
	UE specific by C-RNTI
	Multi –antenna port rank 1 precoding


Besides, as indicated in [8], search space design may have some flexibility so reduction of PDCCH overhead would be achieved even with supporting rank1 precoding specific transmission scheme. Their proposed arrangement is like following:
Alt.2

	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	UL TM 1
	DCI format 0
	Common 
	Single-antenna port.

	
	DCI format X
	UE specific by C-RNTI
	Multi –antenna port upto 2TB allocation

	
	DCI format Y
	UE specific by C-RNTI
	Multi –antenna port rank 1 precoding


In this alternative use of Common Search Space for indicating the single-port fallback scheme might be concerned however it is not really an issue if some fallback scheme i.e. no precoding, can be indicated by DCI format Y. In order to fully utilize additional 16 blind decoding for DCI format X, the payload size for DCI format Y would be aligned with DCI format 1A, so increased payload of DCI format 1A would be concerned.
For above alternatives, supporting DCI format X (and possible DCI format Y for Alt.1’) as additional blind decoding resource would make the specification cleaner. Besides, contiguous/non-contiguous resource assignment aspects need to be clarified. 
Comparing above 3 alternatives, we’d prefer Alt.1 from simplicity perspective for Rel-10, because it doesn’t increase neither number of transmission mode or payload for DCI format 1A.
2.2. Impact for Semi-persistent scheduling
So far discussion on uplink transmission covers dynamic PUSCH. One possible discussion point is its impact for semi-persistent scheduling. Similar to the discussion we had on Rel-8 PDSCH [12], it is preferable to restrict single-antenna transmission scheme for SPS allocation which basically provides no change for SPS related behavior and avoids ambiguity for precoding control. So single-antenna transmission scheme should be used for the PUSCH for which PDCCH is configured by SPS C-RNTI irrespective to single-/multi-antenna port mode for dynamic scheduling.
3. Conclusion
In this document uplink transmission mode related aspects are discussed. Our views are:
· For search space arrangement Alt.1 in section 2.1 should be applied; and
· Single-antenna transmission scheme should be used for the PUSCH for which PDCCH is configured by SPS C-RNTI irrespective to single-/multi-antenna port mode for dynamic scheduling.
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