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1. Introduction
In RAN1 NR Ad-Hoc, it is agreed that the following techniques are studied for NR UL MIMO. 
· Support at least the following UL transmission schemes for data in NR

· Scheme A: Codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).

· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 

· Study the following DL signaling, e.g.,

· One level DCI

· Two level DCI

· MAC CE

· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)

· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· Diversity-based transmission schemes

· FFS: Whether the scheme has specification impact or not

· FFS: Merging of the schemes

· Support rank determination by gNB

· Support PRB bundling for CP-OFDM

· Study configurability of PRG size for CP-OFDM

· Study the PRG size

· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.

In last RAN1 #88, it is agreed that the following techniques are supported/studied for UL diversity-based transmission. 
· 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)
In this contribution, we show our views on diversity based UL transmission schemes. 

2. Discussion 
Diversity based UL transmission schemes, including precoder cycling , SFBC, STBC, CDD and so on. These diversity based schemes can be classified into open-loop schemes and semi open-loop schemes 
2.1 Open-loop schemes 
In LTE downlink, multiple spatial diversity schemes are supported, e.g. SFBC,FSTD and LD-CDD, for NR MIMO, which are needed for both control channel and data channel. Spatial diversity schemes can be used for both single-beam based transmission and multi-beams based transmission. 
For single-beam based transmission, the main purpose of OL MIMO is to exploit the spatial/polarized diversity gain if  there are multiple TXUs  within one RF beam, several candidate schemes are listed below:
SF(T)BC: The signals transmitted by multiple TXUs can be encoded by Alamouti method, which is promising and adopted in LTE for CRS based downlink transmission. In NR uplink, both CP-OFDM waveform and DFT-S-OFDM waveform can be used for single-stream transmission. The transmit diversity scheme with DFT-S-OFDM based waveform should preserve the single carrier property. SFBC schemes applying Alamouti precoding to adjacent subcarriers in DFT-S-OFDM are known for breaking the PAPR property, so SFBC cannot be supported in NR uplink. STBC can avoid CM increase, but requires even numbers of time domain symbols, which can be difficult to guarantee with a limited number of symbols as can be found in DFT-S-OFDM. 
Antenna Switching: During data transmission, multiple TXUs can switch in frequency domain or time domain. To be more specific, FSTD strives for switching in different subcarrier group, and TSTD is to achieve this in different time-domain symbols. Generally, these two ways are both non-transparent, the gNodeB should indicate UE whether switching is on. Performance of antenna switching also highly depends on spatial correlation of TXUs. Therefore, if TXUs is not spatially independent, diversity gain is not significant.

Co-phasing cycling:  Co-phasing cycling is usually used for exploiting the potential diversity gain in polarization domain. The co-phasing precoder for different polarized directions is cycled in a predefined co-phasing set ,e.g [1,1]T/sqrt(2), [1,j] T/sqrt(2), [1,-1] T/sqrt(2), [1,-j] T/sqrt(2). It can be easily extended for 2-layer transmission. Furthermore, this scheme can also be used to obtain diversity gain over two TXUs. However, similar to SFBC, it is not scalable enough to support the various numbers of TXUs, and thus it is usually combined with other transmission schemes(e.g. beamforming).
CDD: While different TXRUs are being transmitted, some delay can be added into time domain. . It is equivalent to multiply with different phases in frequency domain, and therefore more frequency-selective fading can be obtained, which means more diversity gain. CDD supports a transparent method and has little complexity of standardization.  However, for DMRS based transmission, there will be some performance loss induced by non-ideal channel estimation.
The mentioned diversity schemes above can be formulated by using a unified precoder cycling, For DMRS based transmission, transparent or non-transparent methods can be used for achieving these diversity schemes. For transparent methods, like closed-loop scheme, DMRS should use the same precoder as the associated data/control signals. For non-transparent methods, data should be multiplied by additional precoder besides the precoder for DMRS. Transparent method can support multiple transmission techniques besides SFBC but require smaller precoding granularity, which means more overhead of reference signals.  In contrast, non-transparent method has low overhead for reference signals but require some down selection of diversity candidates for standardization. 
Observation 1：
· Transparent methods can support more diversity techniques but may require more overhead of reference signals;
· In contract, non-transparent methods can obtain more diversity gain but have higher complexity of standardization.
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. 

2.2 Semi open-loop schemes
Semi-OL is usually used in the scenarios those accurate CSI is not available to be acquired, such as UE movement, rotation, partial channel reciprocity and so on. One example is shown in Fig. 1(A). UE acquires the information of a wide beam from BS indication or partial reciprocity. Finer beam can be cycled based on the wide beam. Fig 1(B) is another example, in which wide beam is used for the antennas, but selected antennas are dynamically changed or SFBC/STBC is performed. Fig. 1(C) depicts an example that antennas or beams are cycled to combat blocking without the information on blocked paths. 
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Fig.1 Examples of semi-OL in NR UL MIMO
Proposal 2:
· Further study Semi open-loop MIMO for at least uplink control channel
2.3.  Transparent DMRS based precoding cycling
For codebook based precoding cycling, there are two alternatives of DMRS mapping between DMRS and SRS.
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                                                   Figure 2: Alt-2 for UL Precoding cycling
Alt-1：Transparent DMRS based: Data transmission and DMRS ports are have the same set of precoders which is can be based on measurement from SRS for semi-open-loop scheme.  If only PMI is involved,  DMRS mapping is done like LTE.  If multiple SRIs are involved, SRI to DMRS mapping needs to be defined.  e.g. in the order of the indication.

Alt-2: Non-transparent DMRS based: DMRS has different precoders as data transmission.  Figure 2 shows the two stage precoder.  Precoding of DMRS is based on W1 which is according to closed loop precoding based on SRS selection (SRI) or W1 wideband codebook selection.  The precoders for precoding cycling W2 are precoders which can be applied to DMRS to obtain the final set of precoders used for the data. 

On UL, the difference from DL is that the UL precoder is indicated non-transparently through TPMI.  Non-transparent DMRS based transmission can be more easily supported.  The major benefit of this is DMRS bundling can be done with larger bundling size which increase the channel estimation performance.  In addition, for hybrid beamforming, it also matches the property that analog beamforming by SRI is wideband and digital beamforming by PMI is subband.

Proposal 3: Both Alt-1 and Alt-2 (i.e. transparent DMRS and non-transparent DMRS based transmission) for UL precoding cylcing should be supported.
3. Conclusion
In this contribution, we discuss diversity based UL transmission schemes for NR. From the above discussion, we have the following observations and proposals:
Observation 1：
· Transparent methods can support more diversity techniques but may require more overhead of reference signals;
· In contract, non-transparent methods can obtain more diversity gain but have higher complexity of standardization.
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
Proposal 3: 
Both Alt-1 and Alt-2 (i.e. transparent DMRS and non-transparent DMRS based transmission) for UL precoding cylcing should be supported.
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