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1 Introduction
 In the RAN1#88 meeting, it was agreed that [1]
· 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 the RAN1#87 adhoc meeting, it was agreed that [2]

· 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

· 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 this contribution, based on the simulation result, we compare the performance among candidate UL diversity schemes which are CDD, SFBC, antenna port switching and precoder cycling. Our view on UL diversity transmission, including both CP-OFDM and DFT-S-OFDM, has been given as well. 
2 Analysis of diversity transmission scheme for uplink data channel
2.1 SFBC
SFBC is a well-known diversity transmission scheme, which has been widely used in LTE due to its effectiveness to fight against the Doppler Effect. SFBC transmission can provide a channel capacity with the full diversity order of two which cannot be provided by any other diversity schemes except for STBC. 
There are several issues of SFBC. First of all, SFBC is a transmission scheme that employs two DMRS ports, which could bring down channel estimation quality due to lower DMRS density or power loss compared to transparent rank-1 scheme., However, simulation results in section 3 still reveal that SFBC outperform other schemes with one DMRS port (e.g. CDD, RB-level precoder cycling). Therefore, we may come to the conclusion that full diversity order can effectively compensate the impact of decreasing the DMRS density. 
In addition, one issue of SFBC is the ‘orphan subcarrier’. In LTE, the existing RS pattern may lead to odd PUSCH subcarrier number which is adverse for RE pair forming. However, in NR, RS pattern can be design carefully to avoid ‘orphan subcarrier’. Therefore, we do not consider ‘orphan subcarrier’ as a critical issue for the adoption of SFBC in NR UL diversity transmission scheme.Therefore, we consider SFBC as a good choice in CP-OFDM waveform.
2.2 STBC
STBC is another candidate diversity transmission scheme which can provide the full diversity order of two as SFBC. It also needs two DMRS ports and provides good performance against multipath fading effect due to the Alamouti coding in the time domain. However, as already agreed [3], NR would support the CP-OFDM waveform for uplink, which can also combat frequency selectivity well enough. This may weaken the advantage of STBC in CP-OFDM waveform. 
Similar to the ‘orphan subcarrier’ in SFBC, if the PUSCH occupies an odd number of symbols, there will be one symbol left which cannot be utilized by STBC. It is called ‘orphan symbol’. One possible option to solve the ‘orphan symbol’ problem is to make the STBC self-contained within a DFT-S-OFDM symbol, a.k.a., split-symbol STBC (SS-STBC). More details can be found in the reference [4]. Therefore, we consider STBC as a good choice in DFT-S-OFDM waveform.

2.3 CDD

The third option for uplink diversity transmission scheme is CDD. It provides a channel capacity order less than two, especially for high correlation between two effective channels. The major advantage of this scheme is that it only requires one DMRS port, which implies less DMRS port overhead compared to SFBC and STBC. However, simulation result (in section 3 and reference [5]) demonstrates that it can only provide performance inferior to SFBC, which makes CDD not the best choice for uplink open-loop data channel transmission. In addition, in high frequency scenario, the transmission schemes with single DMRS port would significantly suffer from blockage, compared to the schemes with multi DMRS ports. Therefore, CDD for UL diversity transmission scheme for either CP-OFDM or DFT-S-OFDM needs to be further studied.
2.4 Precoder cycling

The precoder cycling is another scheme for uplink diversity transmission. The gain comes from cycling the precoder matrix, which can be thought as pseudo-random beamforming to achieve diversity [4]. Antenna port switching can also be considered as one implementation of this scheme with special precoders. Depending on the different granularity in frequency domain, precoder cycling can be classified into RB level precoder cycling and RE level precoder cycling. The RB-level precoder cycling can achieve frequency diversity at RB level, which makes its diversity gain limited by the frequency selectivity of channels. On the other hand, RE-level precoder cycling improves the performance over RB-level precoder cycling by cycling precoders over REs, instead of RBs, at the expense of more DMRS RE overhead. However, the performance of the precoder cycling relies on the cycling precoder, especially the number of the cycling precoders. It constrains the application scenarios of this scheme, especially at the UE side where the number of antenna elements is limited. In addition, for precoder cycling, RB bundling in channel estimation would become unavailable due to the dramatic change of precoders between RBs/REs. Therefore, precoder cycling, including antenna port switching, needs to be further studied.
From the above discussion, NR should consider SFBC and STBC for UL diversity schemes for UL data transmission. 
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.
3 Simulation results
In section 2, the analysis of the candidate transmission schemes have been addressed. In this section, we provide simulation results for the candidate transmission schemes with CP-OFDM waveform. For the 2Tx scenario at UE, the performance of the candidate schemes CDD, antenna port switching and SFBC have been compared. For SFBC, 2 DMRS ports with total 6 DMRS RE have been used. For CDD, 1 DMRS ports with total 6 DMRS RE have been used. For antenna port switching, switching is achieved from RE to RE, and 2 DMRS ports with total 6 DMRS RE have been used. DMRS pattern can be referred to [6]. The simulation result has been presented in figure 1. Detail simulation assumptions can be found in the Appendix. 
In the 8Tx scenario, the performance of the candidate schemes CDD, precoder cycling and SFBC have been compared. For SFBC, 2 DMRS ports with total 6 DMRS REs have been used. For CDD, 1 DMRS ports with total 6 DMRS REs have been used. The DMRS pattern can also be referred to [6]. For precoder cycling, RE level precoder cycling with 4 DMRS ports and total 12 DMRS REs have been used.
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Fig. 1 Performance comparison of different diversity schemes in 2 Tx case
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Fig. 2 Performance comparison of different diversity schemes in 8 Tx case
Observation 1: SFBC outperform other candidate schemes (CDD, Precoder Cyclying (Antenna port switching)) in the scenario of 2Tx and 8Tx in CP-OFDM waveform.
Based on the above discussion, NR should support SFBC at least for CP-OFDM waveform.
4 Conclusion

In this contribution, we provide the analysis of the candidate uplink transmission schemes. Simulation results for CP-OFDM waveform have also been provided. The observation and proposals are made as follows:
Observation 1: SFBC outperform other candidate schemes (CDD, Precoder Cycling (Antenna port switching)) in the scenario of 2Tx and 8Tx in CP-OFDM waveform.

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.
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Appendix
	Parameter
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing 
	15kHz

	Delay spreading
	300ns

	RB number
	20

	Channel model 
	CDL-B

	UE speed
	3km/h

	BS antenna configurations
	(M, N, P, Mg, Ng)= (2,2,2,1,1) 
(dV, dH) = (0.5, 0.5)λ

	BS antenna pattern
	θ3dB=φ3dB=65°

Max Gain = 8dBi

SLAV=Am=30

polarization angles are -45° and +45°

	UE antenna configurations
	(M, N, P, Mg, Ng)= (1,1,2,1,1) /(2,2,2,1,1)
(dV, dH) = (0.5, 0.5)λ

	UE antenna pattern
	Omnidirectional

Max Gain = 0dBi

SLAV=Am=25

polarization angles are 0° and +90°

	Code Rate
	3/4

	Modulation
	16QAM

	TBS
	7560

	Channel Estimation
	MMSE Based on DMRS

	Channel coding
	Tubro (Max Turbo Iteration = 6)
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