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Introduction
At the RAN1 NR AH meeting in January 2017 [1] the following was decided:
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· […]
· Scheme B: Non-codebook based UL transmission
· […]
· Diversity-based transmission schemes
· FFS: Whether the scheme has specification impact or not
· FFS: Merging of the schemes

Moreover, in RAN1#88 [2] it was more specifically decided that:
· For DFT-S-OFDM, following schemes can be candidates for UL diversity schemes for UL data: CDD, precoder cycling, antenna port switching, SFBC, and STBC.
· RAN1 should down select them in WI phase.
· FFS the corresponding spec impact (if any)

At the RAN1 NR AH#1 meeting the following was decided [1] concerning the waveform and transmission scheme for long duration PUCCH:
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.

Based on the submitted contributions in RAN1#88bis for this agenda item, the following candidates are identified as UL transmit diversity candidates.

UL transmit diversity candidates for DFTsOFDM
For DFTsOFDM, the PAPR property imposes some further precautions than for CP-OFDM. The following candidates were proposed:
· Low PAPR Alamouti-based transmit diversity: Mitsubishi Electric (PAPR preserving SFBC for both PUSCH and PUCCH), Qualcomm (split symbol STBC for PUCCH), Huawei (STBC), Apple (STBC) 
· Short delay CDD: Qualcomm (for PUSCH only)
· Time domain precoder beam cycling: CATT
· Transparent TxD: Ericsson


UL transmit diversity for CP-OFDM
The following non-mutually excluding candidate families were proposed:
· Transparent DM-RS based: Intel, ZTE, Ericsson
· Non-transparent DM-RS based: ZTE
· Beam and/or precoder cycling: LGE, Samsung, Nokia
· SFBC: Huawei, Nokia
· Semi open-loop MIMO for at least uplink control channel: ZTE

Several companies are targeting a unified framework with DL transmission scheme 2 (Intel, Samsung, Qualcomm)


General comments
Some UL transmit diversity proposals for PUCCH are also discussed in agenda items (8.1.3.2.1 Structure of PUCCH in short-duration and 8.1.3.2.2 Structure of PUCCH in long-duration).
UL-transmit diversity to mitigate large scale fading (e.g. blocking) also needs to be addressed in NR. Some mechanism to compensate blockage, e.g., gripping, can be considered in addition to diversity scheme(s) regardless of waveform properties, e.g., panel selection (NTT DOCOMO). 
· For > 6 GHz and for low cost single transceiver terminals < 6 GHz panel/antenna switched diversity can be considered: Sony
· For < 6 GHz also dominant eigenmode transmission can be considered. :Sony



Current list of related WFs 

R1-170XXX 		WF on transmit diversity for DFTsOFDM, Mitsubishi Electric, Qualcomm, Interdigital, [,…]



Annex: Proposals summary
[bookmark: _Toc478403596]ZTE
Proposal 1：
· DMRS based open-loop MIMO scheme(s) should be supported. 
· Both transparent and non-transparent ways should be studied and evaluated for supporting diversity schemes. 
Proposal 2:
· Further study Semi open-loop MIMO for at least uplink control channel

[bookmark: _Toc478403597]CATT
Proposal: consider time domain precoder/beam cycling, including per DFT-S-OFDM and per UL slot cycling, as an option for UL diversity scheme and further evaluate the performance, overhead, PAPR etc. 

Intel
Proposal 1. Adopt transparent DMRS based uplink diversity-based transmission scheme at least for rank-1 and rank-2 scheme where transparent DMRS transmission scheme refers the scheme utilizes identical precoder for DRMS and data.
Proposal 2. UE can be configured to transmit precoded SRS. 
· Configuration includes number of ports,  transmission scheme (reciprocity based or implementation specific)
· For precoded SRS transmission, higher number of MIMO layer transmission precoder contains lower number of MIMO layer transmission precoder
· UE uses same precoder for data transmission

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.

[bookmark: _Toc478403598]Mitsubishi Electric
Proposal 1: Support Alamouti-based transmit diversity schemes for DFTsOFDM.
Proposal 2: Consider PAPR preserving SC-SFBC as transmit diversity scheme for DFTsOFDM.

LGE
Proposal 1: Beam/precoder cycling transmission technique should be considered in NR for UL.
Proposal 2: The set of cycling beams/precoders can be narrowed down based on long-term channel information (e.g., W1), panel calibration capability at UE side, or gNB indication (e.g., codebook subset restricton).
Proposal 3: The set of cycling beams/precoders can be implicitly indicated to UE by using precoded SRS with bundling.
Proposal 4. Rank 1 transparent scheme can be used for both DL and UL.

[bookmark: _Toc478403599]Huawei
Proposal 1:  NR should support STBC for uplink data channel at least for DFT-S-OFDM.
Proposal 2: NR should support SFBC for uplink data channel at least for CP-OFDM.

[bookmark: _Toc478403600]Sony
Proposal 1: NR need to define scheduling approach, SRS resource allocation and SRS transmission strategies in order to enable UL/DL diversity for Massive MIMO below 6 GHz.
Proposal 2: NR need to support both high performance and low cost UEs. Therefore both dominant eigenmode and switched diversity based transmissions shall be concidered.
Proposal 3: SRS transmission capability from all UE antennas needs to be concidered by NR. It is essential from both diversity and higher rank operation perspectives and impacts on both UL and DL performance. 

[bookmark: _Toc478403601]Samsung
Proposals: 
· Common framework between transmission scheme 2 in DL and diversity based transmission scheme in UL should be supported.
· For UL diversity based transmission scheme, precoder cycling should be supported.

[bookmark: _Toc478403602]Qualcomm
Proposal 1: For PUCCH, adopt STBC as described in [R1-1705578] for the transmission diversity scheme.
·  Virtual split of symbols can be considered if symbol pairing is not available.

Proposal 2: For PUSCH with DFT-S-OFDM, consider small delay CDD as UL transmission diversity scheme.
· 	FFS: whether to adopt proposal 1 for PUSCH with small RB allocation.

Proposal 3: For PUSCH with CP-OFDM waveform, adopt the same transmit diversity scheme as PDSCH

[bookmark: _Toc478403603]Ericsson
Proposals:
· At least transparent TxD supported in NR
· TxD designs should take into account other diversity sources such as frequency hopping 
· 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

[bookmark: _Toc478403604]Nokia
Proposal 1:	UL diversity based transmission schemes shall be considered for both DFT-S-OFDM and CP-OFDM.
Proposal 2:	For DFT-S-OFDM, evaluate small-delay CDD, and further study other diversity-based transmission schemes.
Proposal 3:	At least for rank-1, consider to support SFBC and precoder cycling scheme for CP-OFDM diversity based transmission.
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