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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.
This document discusses this aspect further.

2. Discussion
2.1. New Rel-10 UE-specific RRC-configured Single-antenna port mode for PUSCH of UE with multiple APs
As indicated in [2], RAN1#58 agreed to support a “Single antenna port mode” in LTE-Advanced as the default uplink operation mode. Corresponding agreement is:
· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective
· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 
· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration

Except the mode for contiguous and non-contiguous BW allocation with single antenna from eNB’s perspective, we don't see the need to introduce new Single-antenna port mode for PUSCH of UE with multiple APs other than the default uplink operation mode. The need of the new mode is due to receive new DCI format for UL grant which supports non-contiguous BW allocation. We don't see the need to change DCI formats for the different behavior of PUCCH, and/or PUSCH, and/or SRS transmission even something different is introduced in single antenna port mode.
2.2. New Rel-10 UE-specific RRC-configured Multi-antenna port mode supporting up to 2 TB for PUSCH
As discussed in introduction part, RAN1#61 agreed to support “multi-antenna port mode”. Besides, it is agreed as well to support dynamic switching between the multi-antenna port scheme and a single-port fallback scheme. So in order to support this dynamic switching, UE searches two DCI formats for PUSCH allocation, which have different size e.g. DCI format 0/1A and a newly defined DCI format supporting up to 2 TB. An open issue is whether to support contiguous and non-contiguous BW allocation for this mode.
2.3. Necessity of a third RRC-configured multi-antenna transmission mode for PUSCH
There are several proposals for multi-antenna transmission mode for single TB [3]-[6], similar to downlink transmission mode 6 for Rel-8. Beamforming gain may be exploited via closed-loop precoding in this mode. One major drawback is potential increase of specification complexity as indicated in [7], so corresponding benefit should be carefully investigated.
2.4. Impact for Semi-persistent scheduling
So far discussion on uplink transmission covers PUSCH. One possible discussion point is its impact for semi-persistent scheduling. Similar to the discussion we had on Rel-8 PDSCH [8], 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:
· We don't see the need to introduce new Single-antenna port mode for PUSCH of UE with multiple APs other than the default uplink operation mode, except the mode for contiguous and non-contiguous BW allocation with single antenna from eNB’s perspective;
· Within new Rel-10 UE-specific RRC-configured Multi-antenna port mode, UE searches two DCI formats for PUSCH allocation, which have different size e.g. DCI format 0/1A and a newly defined DCI format supporting up to 2 TB, in order to support dynamic switching of transmission scheme;
· Necessity of a third RRC-configured multi-antenna transmission mode should be carefully investigated considering potential increase of specification complexity; 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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