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Introduction
In RAN1#90 and in the third RAN1 NR adhoc, it was agreed that explicit support for open loop uplink transmit diversity for PUSCH will not be specified for NR at least for the RAN1 specifications to be completed in December:
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

The related issue of single antenna transmission for UL MIMO capable UEs has been FFS since the first RAN1 NR adhoc in January [1][2][3]:
Agreement:
· Support at least the following UL transmission schemes for data in NR
· …
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.
Antenna selection techniques have also been discussed in contributions such as [1], but not considered in detail in RAN1 until the last RAN1 meeting [4].  
This contribution addresses these open issues on single antenna transmission and antenna selection.  Based on the discussion, proposals are made on the support of single antenna operation for UL MIMO capable UEs, as well as if open or closed loop antenna selection for non-MIMO UEs should be supported in NR.
Switched antenna transmission
UEs can have large amounts of antenna gain imbalance, for example when the user covers an antenna.  Multi-Tx chain UEs can compensate this through closed loop antenna selection and/or precoding.  However, adding multiple Tx chains per carrier adds substantial complexity to a UE, and can also substantially increase current drain on the UE’s battery.  Switched transmit antenna techniques can avoid these issues by requiring only a single transmit chain and an RF switch.  
A second benefit of switched transmit antenna schemes is that they avoid some of the performance drawbacks of uplink transmit diversity schemes such as SFBC that produce rank 2 interference.  By transmitting on only one antenna, base station receivers using multi-antenna interference suppression techniques need only use one degree of freedom to suppress the rank 1 interference produced by antenna switching.
Switched antenna techniques can be ‘open loop’ or ‘closed loop’, and both are supported in LTE Rel-8.  Switching of SRS among different antennas on a carrier without antenna selection for PUSCH is also supported in NR.  The operation and behavior of these three techniques in more detail is described below:
Open loop antenna switching:
The UE transmits only one SRS, and autonomously selects which antenna it will transmit upon.  DL measurements can be used to select the Tx antenna, which can be especially effective for TDD operation, since following fast fading can be possible. Slow fading can also be tracked using DL measurements for FDD and TDD, or. internal measurements of Tx path efficiency (e.g. VSWR) can be used, etc.  This can be particularly beneficial for UE implementation to cope with hand shadowing or other phenomena local to the UE that degrade a transmit path.
For open loop switching, there is no indication to the eNB which antenna the UE uses for transmission. This operation is supported with a UE capability indicating that the UE can use closed loop antenna selection. When the network configures the UE to use open loop switching, it implicitly assumes that the UE uses the same Tx antenna for at least a whole subframe, and further that the UE does not switch too quickly, such that transients caused by antenna switching in e.g. long term channel estimation, timing advance, power control, etc do not need compensation.  
Because open loop antenna switching is essentially transparent to the network, and UEs may be motivated to implement it to solve problems in their implementations anyway, it may be questioned why it should be specified.  Specifying the scheme allows its use to be controlled by the network, and so when the network relies on relatively constant antenna selection, possibly for UL MU-MIMO operation, or DL MU-MIMO operation based on reciprocity in TDD, etc, it may be beneficial to be able to turn off the open loop antenna selection.  UEs are more likely to do rapid antenna selection in TDD (using reciprocity), and so the need for control of open loop antenna selection seems greatest for TDD.  However, control of open loop antenna selection does not have obvious drawbacks for FDD, and unified TDD-FDD operation is desirable in NR where possible.  
Closed loop antenna switching
The UE transmits 2 distinct SRSs, each on a different antenna, but only one at a time.  The SRSs and Tx antennas used alternate between SRS transmissions.  The antenna selected for transmission is indicated by using one of two different CRC color codes on the PDCCH that schedules the UEs PUSCH.  This operation is supported with a UE capability indicating that the UE can use closed loop antenna selection.
The benefit of this scheme is that it can follow fast as well as slow fading (provided the SRS are transmitted frequently enough and given sufficiently short signaling delays).  While such closed loop operation generally outperforms UL TxD schemes such as SFBC, precoder cycling, etc., it naturally does not provide the array gain benefits of multi-antenna transmission.  Furthermore, open loop antenna selection can address the most problematic scenarios where antennas suffer from long term deep fading.  It can be further noted that closed loop antenna selection can be supported through the use of multiple SRI, although multiple SRI operation could be considerably more complex than antenna switching, depending on how the multiple SRI feature is defined in NR.  Therefore, while closed loop antenna selection has some potential for NR, the need for additional specification effort to support it in at least a first release of NR is not immediately clear.
SRS switching
Per-carrier SRS switching in NR is essentially a subset of Rel-8 closed loop antenna switching, where the UE switches the SRS among its Tx antennas, but does not switch other reference signals or physical channels such as PUSCH.  The motivation for SRS switching is to allow the gNB to use reciprocity to obtain high resolution measurements of the MIMO channel to all of the UE’s Rx antennas, instead of only the subset that is shared with the UE’s Tx antennas.  Such high resolution measurements can substantially improve downlink MU-MIMO operation when highly accurate CSI feedback (e.g. NR Type II CSI feedback) is not available.  While this feature requires a quite similar hardware implementation to closed loop antenna switching, no downlink control information is needed to select the Tx antenna for the SRS, provided that the SRS simply switches between antennas with some periodicity.
Given the discussion above, our observations and proposals for antenna switching are:
Observations:
· Antenna selection can improve both link performance and UE battery life.
· Antenna selection is particularly well suited to cope with heavily shadowed antenna elements
· Open loop antenna switching provides performance benefits in some of the most problematic UE implementation scenarios with very limited specification impact.
· This minimal spec impact with performance benefits according to UE implementation can make it particularly attractive for UE vendors.
· Closed loop antenna switching can be supported through multiple SRI, although multiple SRI is potentially significantly more complex
· SRS switching can enable substantial downlink throughput gains through better reciprocity measurement at gNB
· UE hardware supporting SRS switching likely also supports closed loop antenna switching
· However, closed loop antenna selection can require substantial PDCCH overhead

Proposals:
· If UL open loop antenna selection is defined in NR, it is:
· A UE capability
· Enabled through RRC
· Transparent to gNB, as in LTE Rel-8, where
· The transmit antenna for PUSCH/SRS to be selected by the UE is not specified
Single antenna operation
As discussed above, it has yet to be decided if UEs capable of transmitting on multiple antennas should always do so, or if single antenna operation for such UEs should be supported.
UEs with multiple antennas can operate in a single antenna mode through a variety of ways, depending on UE architecture.  UEs using two half power PAs may wish to transparently virtualize their Tx chains in such a way that their power can be combined, using e.g. precoder cycling or small delay diversity.  UEs with two full power PAs may opt to turn off one of the Tx chains, and/or to transparently switch among the Tx chains at some slow rate.  Moreover, it can be observed that a single antenna mode can be useful for a variety of UE implementations to allow power saving or to make better use of the power available in multiple Tx chains.
Since UL MIMO was not specified in LTE Rel-8, backward compatibility for networks not supporting UL MIMO has been observed as one motivation for the introduction of a single antenna operation mode for UL MIMO capable UEs when UL MIMO was introduced in LTE in Rel-10.  However, not all NR networks may wish to configure multi-antenna operation in multi-antenna capable UEs in all scenarios, since UL multi-antenna operation has tradeoffs in terms of network throughput gain and complexity, in addition to tradeoffs in the UE power and complexity.  Therefore, from a network perspective as well, it is desirable to be able to configure a single antenna operation mode.
Single antenna operation is supported in LTE with a specific transmission mode.  It is not clear at this stage if a transmission mode is needed, or if single antenna operation can be considered as a subset of multiple antenna operation from a specification point of view. Especially since it is not clear that transmission modes will be used on the downlink for NR, the need for a single antenna transmission mode should be FFS. 
Observations:
· Multi-Tx capable UEs need a single antenna operating mode for networks that don’t support or configure multi-Tx
· Single antenna operation with transparent virtualization
· Can be used to combine Tx paths’ power in a standards transparent way
· Is compatible with long term UE antenna selection 
· Can save power in the UE by allowing the UE to turn off transmit antennas when unneeded
· Whether single antenna operation can be considered as a subset of multiple antenna operation from a specification point of view is unclear at this stage.
Proposals:
· UEs with Multi-Tx antenna capability can be configured for single antenna port transmission
· The need to define a single antenna transmission mode is FFS.
Conclusions
This contribution has considered potential designs of open loop transmission schemes, leading to the following observations:

Observations:
· Antenna selection can improve both link performance and UE battery life.
· Antenna selection is particularly well suited to cope with heavily shadowed antenna elements
· Open loop antenna switching provides performance benefits in some of the most problematic UE implementation scenarios with very limited specification impact.
· This minimal spec impact with performance benefits according to UE implementation can make it particularly attractive for UE vendors.
· Closed loop antenna switching can be supported through multiple SRI, although multiple SRI is potentially significantly more complex
· SRS switching can enable substantial downlink throughput gains through better reciprocity measurement at gNB
· UE hardware supporting SRS switching likely also supports closed loop antenna switching
· However, closed loop antenna selection can require substantial PDCCH overhead
· Multi-Tx capable UEs need a single antenna operating mode for networks that don’t support or configure multi-Tx
· Single antenna operation with transparent virtualization
· Can be used to combine Tx paths’ power in a standards transparent way
· Is compatible with long term UE antenna selection 
· Can save power in the UE by allowing the UE to turn off transmit antennas when unneeded
· Whether single antenna operation can be considered as a subset of multiple antenna operation from a specification point of view is unclear at this stage.

Proposals:
· If UL open loop antenna selection is defined in NR, it is:
· A UE capability
· Enabled through RRC
· Transparent to gNB, as in LTE Rel-8, where
· The transmit antenna for PUSCH/SRS to be selected by the UE is not specified
· UEs with Multi-Tx antenna capability can be configured for single antenna port transmission
· The need to define a single antenna transmission mode is FFS.
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