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Introduction
At the last RAN1#89 meeting, concerning DL transmission schemes, it has been decided that:
· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 
· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately

In the absence of specification support for DL, several companies consider that the specificities of UL transmission may still require specification support for UL transmit diversity. Concerning UL CP-OFDM transmission, in RAN1#89 meeting it was decided that
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification

Concerning DFTsOFDM, in RAN1#88b it was decided that:
· For DFTsOFDM in data channel, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD, panel selection), time domain beam/precoder cycling.
Moreover, in RAN1#89 it was more specifically decided that:
· For UL transmit diversity for DFTsOFDM and CP-OFDM, companies are encouraged to provide evaluation results and implementation analysis for the next RAN1 meeting 
In the last NR #90  the following was concluded:
· For DFTsOFDM waveform based PUSCH, further consider the following alternatives:
· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 
· Note: there are several possible schemes proposed in various contributions. 
· FFS exact scheme with the aim to finalize in the next meeting
· Alt. 2: Time domain beam/precoder cycling is supported for PUSCH with DFTsOFDM
· FFS exact scheme with the aim to finalize in the next meeting
· If Alt 1 and Alt 2 is not supported or either of them is supported and is not configured
· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes

Based on the current situation and on the submitted contributions in RAN1 NR AH#03 for this agenda item, the following open issues and observations are identified. 


UL transmit diversity for DFTsOFDM PUSCH
The following UL transmit diversity schemes are proposed for DFTsOFDM
· Alamouti-based: Mitsubishi Electric, AT&T, Huawei, HiSilicon, Qualcomm, InterDigital
· Transparent scheme with no specification impact for Rel.15 : Nokia, Ericsson, Vivo, IITH
· Time domain beam/precoder cycling with specification support: Intel, ZTE, Sanechips, Samsung, LGE
· Depending on Rank-1 precoding UL codebook design: CATT
	Company
	Proposal
	Motivation

	Mitsubishi Electric
	Alamouti-based (PAPR-preserving SC-SFBC)
	Simulation results showing better performance than CDD, DM-RS-transparent and DM-RS-non-transparent precoder cycling

	ZTE, Sanechips
	Multi-beam cycling in time domain is supported 
	Common framework for transmission schemes

	CATT
	No support in Rel. 15
	Compare with rank1 precoding, thus postpone to next release

	Intel
	Time domain beam/precoder cycling
	PAPR and potential orphan REs issue for classical SFBC/STBC, interference measurement

	AT&T
	Alamouti-based (PAPR-preserving SC-SFBC)
	Simulation results showing better performance than time-domain precoder cycling

	Vivo
	Transparent scheme (CDD)
	No specification effort

	Qualcomm
	Alamouti-based (SC-STBC)
	Simulation results showing better performance of both SC-STBC and SC-SFBC (MMSE) over CDD, transparent and non-transparent precoder cycling 

	Samsung
	Multi-beam based diversity transmission via multiple SRS resource indication
	Reliability

	Huawei, HiSilicon
	Alamouti-based (PAPR-preserving SC-SFBC)
	Analysis of available evaluation results

	InterDigital
	Alamouti-based (modified SC-STBC with zero padding)
	Simulation results showing better performance of Alamouti-based STBC and SFBC over CDD

	IITH
	Time domain beam/precoder cycling
	Robustness

	Nokia
	UL diversity scheme is not explicitly supported
	No specification impact

	Ericsson
	Transparent TxD using 1 antenna port for PUSCH; fallback mode from SU-MIMO
	Uplink open loop diversity schemes target relatively narrow use cases

	LGE
	Transparent time domain beam cycling using a precoded SRS with RB level bundling or multiple precoded SRS resources
	Symmetry with CP-OFDM



Remaining aspects on UL transmit diversity for CP-OFDM PUSCH
What to signal to the UE with transparent UL TxD
· Multiple SRI: vivo 
· Port number of the SRI higher than the number of the rows of the transmitted precoding matrix for codebook/noncodebook based transmission: Spreadtrum
· precoder cycling patterns and PRG sizes: Huawei, HiSilicon
· configurable PRG sizes, multiple CRIs or SRIs: Intel
How to signal the transparent UL TxD 
· dynamic switching to the diversity transmission through new DCI format for UL transmit diversity: Spreadtrum




Current list of related WFs 
Current WFs: None

Possible outcomes:  For DFTsOFDM waveform based PUSCH 
· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 
· FFS exact scheme with the aim to finalize in the next meeting
· Supported by : Mitsubishi Electric, AT&T, Huawei, HiSilicon, Qualcomm, InterDigital

· Alt. 2: Time domain beam/precoder cycling is supported for PUSCH with DFTsOFDM
· FFS exact scheme with the aim to finalize in the next meeting
· Supported by: Intel, ZTE, Sanechips, Samsung, LGE

· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
· [bookmark: _GoBack]Supported by: Nokia, Ericsson, Vivo, IITH, CMCC




Summary of proposals

R1-1716343, Ericsson
Observations:
· The performance benefit of non-transparent open loop operation for multi-Tx UEs is not clear
· Use cases are limited to relatively small # of gNB antennas, poor CSI, and where UL IRC losses from TxD are small, and where gNBs do not use non-linear receivers to suppress interference from non-transparent TxD.
· Schemes are restricted by UE implementation issues such as cubic metric and antenna gain imbalance
· Transparent diversity techniques such as precoder cycling or delay diversity can be used
· UE and network benefits of non-transparent open loop are also not clear, as it
· Can’t improve cell range, since not all UEs will support it.
· Has potential capacity benefit only in a limited set of scenarios where it performs better than closed loop, including open loop’s impact on IRC receivers
· Requires further study on UE power saving, due to losses in efficiency with >1 Tx chains and UE PA architecture dependencies.
· Non-transparent TxD (such space time or frequency block codes) can substantially complicate gNB receivers
· Implementation based long term antenna selection can improve both link performance and UE battery life.
· Multi-Tx capable UEs need a single antenna operating mode for networks that don’t support multi-Tx
· Single antenna operation with transparent TxD
· Can be used to combine Tx paths’ power in a standards transparent way, e.g. with precoder cycling or delay diversity.
· Is compatible with both long term UE antenna selection and transparent open loop diversity 
· Can save power in the UE by allowing the UE to turn off transmit antennas when unneeded

Moreover, given that TxD is not used for downlink control channels nor unicast downlink shared channels in Rel-15, and furthermore that there are no evaluations allowing determination of the net benefit of PUSCH TxD, it is difficult to motivate uplink transmit diversity for either PUCCH or PUSCH at present.  Therefore, we propose:

Proposals:
· For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFT-S-OFDM
· UEs with Multi-Tx antenna capability can be configured for single antenna port transmission
· Single antenna transmission is a fall back mode for UL SU-MIMO
· Provide robust spatially multiplexed PUSCH using single codeword transmission

R1-1715555, Mitsubishi Electric
Observation: Full diversity PAPR-preserving Alamouti-based transmit diversity applied in frequency or time domain within one single OFDM symbol exist for DFTsOFDM.
Observation: SC-SFBC has the following advantages:
· PAPR preserving for all constellation types, including BPSK pi/2 with or without frequency domain pulse shaping
· operating on single symbol DFTsOFDM, 
· full diversity achieving, 
· with low-complexity frequency-domain decoding at subcarrier level.
Observation: SS-STBC is PAPR preserving, operating on single symbol DFTsOFDM, full diversity achieving.
Observation: Short delay CDD is not a full-diversity scheme and its performance is very sensitive to increasing the coding rates. Gain is limited onto channels with already long delay spreads.
Observation: Alamouti-based transmit diversity can be implemented on top of transparent time-domain beam/precoder cycling for performance enhancement.
Observation: DM-RS-transparent beam/precoder cycling within one slot is sensitive to increased coding rates, sensitive at high speed and has high DM-RS overhead at low/medium speed.
Observation: Non-transparent beam/precoder cycling is not full-diversity achieving, is sensitive to increased coding rates and it requires the same number of DM-RS resources and amount of specification effort as Alamouti-based schemes.
Observation: Full diversity Alamouti schemes are more robust than CDD and time-domain antenna cycling, even with the current sub-optimal L-MMSE decoder. The PAPR preserving SC-SFBC matches the FER performance of SFBC without any PAPR loss and is thus preferred to SFBC.
Observation: Transmit diversity combined with beamforming outperforms beamforming. 
Observation: SC-SFBC outperforms SFBC when taking into account FER performance and PAPR performance.
Observation: Alamouti-based schemes show important gain over SD-CDD with QPSK ¾.
Observation: RE level cophasing and non-transparent precoder cycling are outperformed by both Alamouti-based schemes and SD-CDD.
Proposal : SC-SFBC Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM

R1-1715433, ZTE, Sanechips
Proposal 1: To achieve a common framework for codebook/non-codebook based and diversity based transmission scheme, time domain beam/precoder cycling should be supported as transmission diversity scheme for DFT-S-OFDM. 
Proposal 2: Multi-beam cycling in time domain is supported for PUCCH and PUSCH with DFT-S-OFDM.  For time domain beam cycling, mapping of different DMRS port group to different symbol regions is supported.

R1-1715516, Spreadtrum Communications
Observation 1: For one UE, different DCI formats would be configured for codebook based transmission and non-codebook based transmission at present.

Proposal 1: Support to identify the diversity transmission scheme for UL by DCI format or DCI information for one UE.
Proposal 2: Support new DCI format for UL diversity scheme.
Proposal 3: At least TRI should be explicitly or implicitly indicated in the new DCI format for UL diversity based transmission.

R1-1715614, vivo
Proposal 1: 
· For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
Proposal 2: 
· At least for CP-OFDM, support PRB bundling size indication for Tx-diversity schemes.
· UL precoder cycling scheme should be at the granularity of PRB bundles. 
Proposal 3: 
· At least for high frequency, SRI(s) should be indicated to UE to align the transmit beam and receive beam for NR UL TxD schemes.
· Multiple SRIs may be indicated to UE for UL precoder cycling schemes.
· UE could autonomously select possible beams within the set.

R1-1715717, Huawei, HiSilicon
Observation 1: The performance of the SS-STBC can be impaired in high-speed scenarios.
And we proposed that:
Proposal 1: For DFT-s-OFDM waveform based PUSCH, NR should support SC-SFBC using the same beamforming precoder on PUSCH and corresponding DMRS ports.
Proposal 2: For CP-OFDM, NR supports Tx beamformer determination for SRS with network indicated restriction, e.g., precoder cycling patterns and PRG sizes.

R1-1715796, CATT
Proposal: for DFT-S-OFDM waveform, UL transmission diversity is not explicitly supported in specification in Rel-15.

R1-1715853, LG Electronics
Proposal 1: Support transparent diversity scheme with time domain beam cycling for DFT-S-OFDM PUSCH 
Proposal 2: The set of cycling beams/precoders is implicitly indicated to UE by using a precoded SRS with RB level bundling or multiple precoded SRS resources.


R1-1715929, Samsung
Observations: 
· For DFT-S OFDM, multi-beam based diversity transmission can provide robust transmission to UE.
Proposals: 
· For UL diversity based transmission scheme, precoder cycling shall be supported for both CP-OFDM and DFT-S OFDM.
· For DFT-S OFDM, multi-beam based diversity transmission based on multiple SRS resource indication shall be supported in NR. 

R1-1716177, AT&T
Proposal 1: For DFT-s-OFDM, RAN1 should agree on a scheme which preserves the same PAPR as that of single antenna system.

Proposal 2: For DFT-s-OFDM waveform, post DFT based Alamouti scheme is preferred as the transmit diversity scheme.  

R1-1716287, Intel Corporation
Proposal 1: For CP-OFDM, both the semi-open loop based scheme and codebook sub-set restriction based scheme should be taken into account.
Proposal 2: Configurable PRG size should be supported and consider to define the association between PRG size to the allocated bandwidth.
Proposal 3. The beam cycling should be taken into account for multi-beam operation, and the indication of multiple CRIs or SRIs should be supported.
Proposal 4. With regard to PAPR and potential orphan REs issue, the time domain beam/precoder cycling should be used for DFT-s-OFDM waveform.

R1-1716390, Qualcomm Incorporated
Observation 1: SC-STBC with Virtual symbol splitting can apply Alamouti coding for any number of symbols while preserving low-PAPR of DFT-s-OFDM waveforms.
Observation 2: SC-SFBC cannot preserve pi/2-BPSK modulation structure for the second antenna.
Observation 3: Without the optimal per-tone MMSE estimation, SC-SFBC performance significantly degrades for large RB allocations.
Observation 4: Non-transparent diversity schemes show a gain compared to transparent diversity schemes.
Observation 5: Virtual Split SC-STBC and SC-SFBC show a better performance than non-transparent precoder cycling.
 We propose the following for UL transmit diversity schemes for PUSCH with DFT-S-OFDM waveforms. 
Proposal 1: For PUSCH with DFT-s-OFDM waveforms, adopt virtual split SC-STBC for the transmission diversity scheme.

R1-1716463, InterDigital
Proposal – RAN1 considers using the modified STBC transmit diversity for channel with high delay spread.

R1-1716492, Nokia, Nokia Shanghai Bell
Proposal 1:	Support these uplink transmission modes: CP-OFDM 1Tx, DFT-S-OFDM 1Tx, CP-OFDM closed loop multiplexing, and DFT-S-OFDM closed loop multiplexing.
Proposal 2:	A UE can be semi-statically configured via higher layer signaling to transmit PUSCH according to the indication of uplink transmission modes.
Proposal 3:	For DFT-S-OFDM waveform, UL diversity scheme is not explicitly supported for PUSCH transmission in specification.

R1-1716520	Views on UL transmit diversity	IITH
Proposal: Select Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFT-s-OFDM.
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