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1. Introduction

In the previous meetings, UL transmission diversity was discussed with the following agreements:
Agreements:
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification
Agreement:

· For DFTsOFDM waveform based PUSCH, UL transmit diversity is not supported for PUSCH with DFTsOFDM from NR specification point of view

· Above applies for the RAN1 specification for completion by Dec, 2017 due to lack of simulation results

· Previous studies and decisions on UL TxD will be taken into account in future RAN1 discussions

Though UL transmit diversity is not explicitly supported in NR, a transmission scheme to implicitly support UL TxD can still be considered. In this contribution, we discuss the design of UL single Tx port transmission to support both TxD and single Tx transmission.
2. Discussion
In NR, there will be still an amount of UEs with only single Tx chains. For these UEs, UL MIMO based on codebook or non-codebook transmission cannot be supported. A transmission scheme based on single Tx port needs to be supported in NR as in LTE at least for this type of UEs. In the single Tx port transmission, analog beamforming and TxD based on one port can still be supported. For example, random precoder, precoder cycling or CDD which can be operated transparently to specification can be implemented at UE.
In LTE, a UE configured with UL mode 1 should detect two DCI formats respectively for single Tx port and UL MIMO transmission. The UL MIMO transmission can dynamically fall back to single Tx port in some non-ideal scenarios, e.g. high speed scenarios. In NR, uplink transmission should support the speed of up to 350km/h. In this high speed, performance of close loop MIMO transmission would be significantly degraded due to inaccurate CSI estimation. Then to ensure stable transmission rate, dynamic fallback to single Tx port transmission is also needed in NR. Hence, for a UL-MIMO capable UE, two DCI formats can also be introduced for UL MIMO similar to LTE.
Proposal 1: Both single Tx port transmission and UL-MIMO based transmission should be supported in NR.
Proposal 2: An UL-MIMO capable UE can use single Tx port transmission as a fall back mode based on a separate DCI format like in LTE.
For single Tx port transmission, MIMO related information is not needed in the UL grant, including at least TRI, TPMI and MCS/NDI for the second TB. Considering the size of information field differs significantly, different DCI sizes can be applied to single Tx port transmission and UL-MIMO transmission to ensure the detection performance. For a UL-MIMO capable UE, both DCI formats needs to be detected. But for a UE with single Tx chain, only the fall back DCI needs to be detected. To reduce the blind detection, it should be supported that only fall back DCI is configured to be detected in the CORESET of a single Tx chain UE.
Proposal 3: A UE with single Tx chain can be configured to only detect fallback DCI for single Tx port transmission.
It is expected that UL beam management can be a separate process from UL MIMO transmission. For UEs with single Tx port, multiple analog beams can still be supported. Multiple SRS resources with single port can be transmitted by UE for Tx or Rx beam management. SRI can be signaled in UL grant for Tx beam indication, which can be reused for PUSCH power control [1]. It was also agreed that antenna switching via multiple single port SRS resources is supported in NR. For UE with single Tx port, the SRI in UL grant can be used to indicate the transmit antenna if antenna switching is configured. 
Proposal 4:  For single Tx port transmission, SRI can be indicated in UL grant for beam/antenna indication.
3. Conclusions
In this contribution, we discuss the design of UL single Tx port transmission. The proposals are summarized below.
Proposal 1: Both single Tx port transmission and UL-MIMO based transmission should be supported in NR.
Proposal 2: An UL-MIMO capable UE can use single Tx port transmission as a fall back mode based on a separate DCI format like in LTE.
Proposal 3: A UE with single Tx chain can be configured to only detect fallback DCI for single Tx port transmission.

Proposal 4:  For single Tx port transmission, SRI can be indicated in UL grant for beam/antenna indication.
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