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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
Concerning UL CP-OFDM transmission, in RAN1#89 meeting it was decided that
· For UL transmit diversity for CP-OFDM, down-select between the following alternatives
· Alt. 1: transmit diversity is not explicitly supported for PUSCH in Rel. 15
· Alt. 2 non-transparent UL transmit diversity for CP-OFDM (e.g., SFBC, Non-transparent precoder cycling)
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 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 AH meeting #02 the following was concluded:
· Companies are strongly encouraged to perform analysis and simulations for diversity transmission for both CP-OFDM and DFT-s-OFDM based UL considering various scenarios
· Aim to conclude in the next meeting

Based on the current situation and on the submitted contributions in RAN1#90 for this agenda item, the following open issues and observations are identified. 



UL transmit diversity for CP-OFDM PUSCH
The following UL transmit diversity schemes are proposed for CP-OFDM
· Transparent scheme with no further specification support: CATT, Qualcomm, Potevio, Ericsson 
· Transparent scheme with some specification support: ZTE, Intel, AT&T, Vivo, LGE, Samsung
· SFBC: Huawei, HiSilicon
· Non-transparent DMRS precoder cycling: ZTE
	Company
	Proposal
	Motivation

	ZTE
	Both transparent DMRS based and non-transparent DMRS based UL precoder cycling
	Simulation results comparing transparent and non-transparent cycling

	CATT
	Transmit diversity is not explicitly supported for PUSCH in Rel. 15
	Symmetry with DL

	Intel
	Precoder cycling with configurable PRG size and some gNB support (semi-open loop, codebook subset restriction
	Interference handling

	AT&T
	Transmit diversity is not explicitly supported for PUSCH, but the network can control whether to use precoder cycling or closed loop MIMO.
	Symmetry with DL

	Vivo
	UE autonomous antenna/ precoder selection within a set predefined by gNB
	Avoid fast blockage

	LGE
	Transparent diversity scheme with beam cycling based on long-term channel information or gNB indication; implicit indication to UEs using precoded SRS
	Cross-link interference handling

	Qualcomm
	Transmission diversity scheme is not explicitly supported in specification
	Symmetry with DL

	Samsung
	Transparent precoder cycling 
	Cross-link interference handling

	Huawei, HiSilicon
	SFBC
	Simulation results showing better SFBC performance compared to CDD, antenna port switching and RB-level precoder cycling

	Potevio
	Transmission diversity scheme is not explicitly supported in specification
	Symmetry with DL

	Nokia
	UL diversity scheme is not explicitly supported
	Symmetry with DL

	Ericsson
	Transparent TxD using 1 antenna port
	CP OFDM does not seem a good use case for TxD






UL transmit diversity for DFTsOFDM PUSCH
The following UL transmit diversity schemes are proposed for DFTsOFDM
· Alamouti-based: Mitsubishi Electric, AT&T, Qualcomm, Huawei, HiSilicon, InterDigital
· [bookmark: _GoBack]Transparent scheme with no specification impact: Nokia, Ericsson, Vivo
· Time domain beam/precoder cycling with specification support: Intel, ZTE, Samsung
· 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
	Multi-beam cycling in time domain is supported (all diversity schemes can be formulated by using a unified precoder cycling)
	Unified PUCCH/PUSCH diversity scheme with DFTsOFDM

	CATT
	Postpone decision for after finalization of UL codebook design
	Compare with rank1 precoding

	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
	Low PAPR Almouti-based schemes which can achieve full diversity.
	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

	Potevio
	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
	Uplink open loop diversity schemes target relatively narrow use cases



Current list of related WFs 
None
Proposals based on the contribution review
Proposal 1: For CP-OFDM waveform, select one of the following alternatives:
· Alt. 1: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with CP-OFDM.
· Alt. 2: DM-RS transparent transmit diversity is supported for PUSCH with CP-OFDM 
· FFS: specification support
· Alt. 3: SFBC is supported as transmit diversity scheme for PUSCH with CP-OFDM
Proposal 2: For DFTsOFDM waveform, select one of the following alternatives:
· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 
· 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
· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.

Summary of proposals
1.1 [bookmark: _Toc490674271]R1-1712269, Mitsubishi Electric
Proposal 1: Support Alamouti-based transmit diversity schemes for DFTsOFDM.
Proposal 2: Support PAPR preserving SC-SFBC as transmit diversity scheme for DFTsOFDM.

1.2 [bookmark: _Toc490674272]R1-1712287, LGE
Proposal 1: Both transparent DMRS based and non-transparent DMRS based UL precoder cycling should be supported for PUSCH transmit diversity with CP-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.

1.3 [bookmark: _Toc490674273]R1-1712366, CATT
Proposal1: for CP-OFDM waveform, transmit diversity is not explicitly supported for PUSCH in Rel. 15
Proposal2: for DFT-S-OFDM waveform, transmit diversity schemes should be compared with rank 1 precoding scheme, thus decision on transmit diversity scheme shouldn’t be made until UL codebook design is finalized.

1.4 [bookmark: _Toc490674274]R1-1712539, Intel
Proposal 1: Precoder cycling should be supported for UL diversity based transmission, and 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 both FDMed/SDMed based and TDMed based beam cycling should be studied.
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.

1.5 [bookmark: _Toc490674275]R1-1712706, AT&T
Proposal 1: For CP-OFDM, the same diversity transmission scheme as that of Downlink should be used for uplink
· Implies that transmit diversity is not explicitly supported for PUSCH 

Proposal 2: An implicit indication from the network to the UE about the PUSCH transmission scheme is recommended

Proposal 3: For DFT-s-OFDM, RAN1 should agree on a scheme which preserves the same PAPR as that of single antenna system.

Proposal 4: For DFT-s-OFDM waveform, post DFT based Alamouti scheme is preferred as the transmit diversity scheme.  

1.6 [bookmark: _Toc490674276]R1-1712832, Vivo
Proposal 1: 
· Non-transparent diversity transmission schemes are not supported in R-15.
Proposal 2: 
· Support PRB bundling size indication for Tx-diversity schemes.
Proposal 3: 
· At least for high frequency, NR supports configuration of set of precoders for UL precoder cycling schemes.
· UE could autonomously select possible beams within the set.
Proposal 4: 
· At least for below 6GHz, UE autonomous antenna selection should be possible in NR.
Proposal 5: 
· Support explicit UL PRB bundling size indication in NR:
· For codebook based transmission, codebook granularity is determined by PRB size;
· For non-codebook based transmission, SRI/CRI indication granularity is determined by PRB size;
· For TxD schemes, precoder cycling granularity is determined by PRB size;
Proposal 6: 
· Follow the framework of DL PRB bundling size indication procedures
· Support case 1 and case 2 for UL PRB bundling size values;
· FFS specific values in case 1;
· Support 1 bit DCI to switch between values.

1.7 [bookmark: _Toc490674277]R1-1713138, LGE
Proposal 1: Support transparent diversity scheme with beam cycling for PUSCH
Proposal 2: The set of cycling beams/precoders can be narrowed down based on long-term channel information (e.g., W1), or gNB indication (e.g., codebook subset restricton).
Proposal 3: The set of cycling beams/precoders can be implicitly indicated to UE by using a precoded SRS with bundling or multiple precoded SRS resources.
Proposal 4: UE calculates CQI assuming random phase cycling between Tx panel arrays if there is time varying or unexpected phase distortion between the panel arrays.

1.8 [bookmark: _Toc490674278]R1-1713389, Qualcomm
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.
 The following proposals are for UL transmit diversity. 
Proposal 1: For PUSCH with DFT-s-OFDM waveforms, adopt virtual split SC-STBC for the transmission diversity scheme.
Proposal 2: For PUSCH with CP-OFDM waveform, transmission diversity scheme is not explicitly supported in specification.

1.9 [bookmark: _Toc490674279]R1-1713576, Samsung
Observations: 
· Same precoding in data and DMRS allows simple estimation for interference cancellation. 
· However, different precoding requires more UE complexity due to different precoding and blind detection. 
· Precoder cycling requires only one transmitter for codebook/non-codebook based transmission and diversity transmission.
· For SFBC, additional hardware to decode predefined precoding due to different precoding and double dimension in adjacent REs.
· At least for CP-OFDM, common framework of transmission scheme has benefits on interference cancellation from different slot types.
· For downlink, transparent diversity transmission scheme is supported. 
· 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 CP-OFDM, transparent precoder cycling shall be supported.
· For DFT-S OFDM, multi-beam based diversity transmission based on multiple SRS resource indication shall be supported in NR. 

1.10 [bookmark: _Toc490674280]R1-1713767, Huawei, HiSilicon
Observation 1: SFBC transmission would be much favourable for uplink diversity transmission.
Observation 2: Even with the channel estimation penalty, SFBC can also outperform some 1 DM-RS port transparent schemes such as SD-CDD, RB-level precoder cycling and antenna port switching.
Observation 3: The SFBC outperforms transparent schemes (e.g. SD-CDD, RB-level precoder cycling and antenna port switching) especially at the high speed scenarios.
And we proposed that:
Proposal: For CP-OFDM, non-transparent UL transmit diversity (e.g. SFBC) should be supported in NR.
Discussion on DFTsOFDM: From all the available evaluation results, it is observed that low PAPR Alamouti-based schemes outperform other candidates. Although further evaluation should be provided, we support the low PAPR Alamouti-based schemes which can achieve full diversity.

1.11 [bookmark: _Toc490674281]R1-1714136, InterDigital
Proposal – RAN1 considers using the modified STBC transmit diversity for channel with high delay spread.

1.12 [bookmark: _Toc490674282]R1-1714204, Potevio
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: For CP-OFDM waveform, transmit diversity is not explicitly supported for PUSCH in Rel. 15.
Proposal 2: For DFT-s-DFDM waveform, time domain beam/precoder cycling should be supported in NR. 

1.13 [bookmark: _Toc490674283]R1-1714237, Nokia, Nokia Shanghai Bell
Proposal 1:	UL diversity scheme is not explicitly supported for CP-OFDM PUSCH transmission in specification.
Proposal 2:	For DFT-S-OFDM waveform, UL diversity scheme is not explicitly supported for PUSCH transmission in specification.

1.14 [bookmark: _Toc490674284]R1-1714273, Ericsson
Observations:
· The use case for diversity is strongest for DFT-S-OFDM (rather than CP OFDM)
· 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 significantly 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
· Single codeword operation provides diversity for UL SU-MIMO, and so additional diversity techniques are not needed in this case.

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:
· Transparent TxD using 1 antenna port for PUSCH is supported in NR 
· 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
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