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1 Introduction
At the RAN1#88bits meeting, the following was decided [1]:
· For DFT-s-OFDM 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 agreed that [2]:
· 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)

· For UL transmit diversity for DFT-s-OFDM and CP-OFDM, companies are encouraged to provide evaluation results and implementation analysis for the next RAN1 meeting

In this contribution, our view on the diversity-based transmission for both DFT-s-OFDM and CP-OFDM has been presented. Even with the channel estimation penalty, our evaluation results show that 2 DM-RS ports diversity schemes (e.g. SFBC) can also outperform some 1 DM-RS port transparent schemes such as small delay CDD, RB-level precoder cycling and antenna port switching. Our evaluation results also reveal that SFBC outperform other candidate schemes in high-speed scenarios.
2 Diversity-based transmission for DFT-s-OFDM
The main advantage of DFT-s-OFDM is the low PAPR property which is very useful in link budget limited scenarios, benefiting the mobile terminal in terms of power efficiency. Therefore, preserving the low PAPR property should be one of the most important considerations, when selecting diversity-based transmission schemes for DFT-s-OFDM waveform. Here, we investigate the following candidate schemes: Low PAPR Alamouti-based transmit diversity (PAPR preserving SFBC, split symbol STBC), transparent transmit diversity (short delay CDD, transmit antenna selection) and time domain beam/precoder cycling.
2.1 Low PAPR Alamouti-based transmit diversity
Alamouti-based schemes are full diversity schemes which can be applied in either frequency domain (SFBC) or time domain (STBC). They both require 2 DM-RS ports and are neither specification transparent nor DM-RS transparent. 
2.1.1 PAPR preserving SFBC (SC-SFBC)

Traditional SFBC applies Alamouti coding at adjacent subcarriers within one OFDM symbol. However, such SFBC cannot be used in DFT-s-OFDM directly, since Alamouti coding would destroy the signal structure after DFT and therefore increase the PAPR. 
PAPR preserving SFBC has been discussed in [4] to overcome the drawback of the traditional SFBC. In this scheme, the sending signal on the second antenna is calculated as follows:
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Where s is the vector after DFT precoder in the frequency domain, M is the DFT size, and k is the index in frequency domain. The parameter p is an even integer, usually chosen as closest possible to M/2. Alamouti coding is performed at the subcarrier pair with index k and index (p-1-k) mod M.
From (1), it can be found that the maximal subcarrier spacing index for Alamouti coding equals:
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Therefore, with a large UE scheduled bandwidth leading to a large M, the performance of the PAPR preserving SFBC may degrade especially in frequency selectively fading channels, because of the large spacing between paired non-adjacent SFBC subcarriers. This may jeopardize the quasi-static requirement of the paired tones for Alamouti coding.
It is noted that in [3], the simulation result for the PAPR preserving SFBC with 50RB have been provided and the performance does not degrade dramatically as expected. It is possible that the PAPR preserving SFBC is applied PRB by PRB or bundled PRBs by bundled PRBs. If this is the case, PAPR may increase compared to apply PAPR preserving SFBC in the whole scheduled bandwidth (M equals to the number of scheduled tones). CDF plot of the PAPR in this scenario should be provided.
2.1.2 Split-symbol STBC (SS-STBC)
Traditional STBC applies Alamouti coding on the adjacent OFDM symbols within the same subcarrier. With careful space-time symbol mapping design, PAPR preserving can be achieved. However, the traditional STBC requires an even number of OFDM symbols, which may not be guaranteed in NR. For example, in the case of mini-slot with two OFDM symbols, the first symbol may be used as PUCCH and RS, and the second symbol may be used as PUSCH. Both the number of PUCCH and PUSCH symbols are odd.
To overcome the drawback of the traditional STBC, split-symbol STBC has been discussed [4]. This scheme can operate STBC on a single OFDM symbol by splitting the vector to the DFT module into two halves. To limit the mutual interference between these two halves, sufficient cyclic prefix and cyclic postfix are need, at the expense of significant spectral efficiency loss. 
In addition, both traditional STBC and Split-symbol STBC are vulnerable to channel aging when UE is moving quickly. For example, NR supports up to 500km/h, with fc= 4 GHz, the maximum Doppler spread can be calculated:
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Coherence time can also be calculated:
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Because the coherence time is at the order of one OFDM symbol duration and the quasi-static requirement on adjacent Alamouti coded symbols may not be satisfied, the performance of this scheme will degrade dramatically. Therefore, performance of this scheme need to be further evaluated in high-speed scenarios.

2.2 Transparent transmit diversity
“Transparent” refers to DM-RS transparent in transmission. Transparent diversity schemes reduce the standardized effort at the expense of performance loss. Short delay CDD is a typical transparent diversity scheme. Transmit antenna selection (or panel selection) can be implemented in either transparent or non-transparent way. Here we only consider the transparent transmit antenna selection (or panel selection). These two schemes need 1 DM-RS port and full diversity is not achieved.

2.2.1 Short delay CDD (SD-CDD)
Short delay CDD achieves diversity by sending a cyclically delayed copy signal of the first antenna port on the second antenna port. This scheme transforms a system with multiple transmit antennas into an equivalent SIMO system with a more frequency selective channel. In other words, SD-CDD transforms spatial diversity into frequency diversity. At the same time, SD-CDD is PAPR preserving scheme, since cyclically delay in the time domain does not change the PAPR property. However, the performance of this scheme is sensitive to code rate and it also depends on the parameter of cyclic delay, channel property and the scheduled bandwidth. For example, a channel with a large delay spread and small scheduled bandwidth may lead to limited diversity gain.
2.2.2 Transmit antenna selection (TAS)

Another typical transparent transmission diversity scheme is transmit antenna selection or panel selection. Diversity of this scheme is gained by switching between multiple transmit antennas or panels. Take a 2Tx UE for example, at time slot 1 antenna 1 is selected for data transmission and at time slot 2 antenna 2 is selected for data transmission. The Antenna selection is repeated in this way regardless of the state of the channel. It is noted that it is the transparent transmit antenna selection or panel selection that we are discussing here. Therefore, the period for the antenna switching should equal to or longer than 1 slot. Better performance can be obtained if choosing the antenna with the higher channel gain at each time. However, such adaptation needs signalling overhead and removes the specification transparent property. Moreover, in high speed scenarios such feedback information may not be acquired accurately.
2.3 Time domain beam/precoder cycling
Beam/precoder cycling can be applied in the frequency domain or time domain for achieving diversity. In RAN1#88, it has been decided that [5], for DFT-s-OFDM, PRB bundling size is the whole scheduled bandwidth if the scheduled bandwidth comprises a single cluster. That is to say, UE shall apply the precoder in a way that the gNB may assume that UE uses the same precoder for all scheduled PRBs. In this way, beam/preocder cycling in frequency domain is not supported. Only time domain beam/precoder cycling can be used for diversity.
Time domain beam/precoder cycling can be implemented in either transparent or non-transparent manner. For transparent manner, the period for the beam/precoder cycling equals to 1 slot or longer. For non- transparent manner, the period is less than 1 slot and the DM-RS port number equals the number of precoders used in one slot. The diversity scheme TAS which has been discussed in section 2.2.2 can be view as an implementation of the time domain beam/precoder cycling with the precoder [1, 0]T and [0, 1]T switching in turn. 
2.4 Discussion

The foregoing sections discussed the advantages and disadvantages of all the candidate transmission schemes for UL diversity with DFT-s-OFDM waveform. Reference [3] has provided extensive evaluation results for all the DFT-s-OFDM candidate transmit diversity schemes both in 4 GHz and 30 GHz. Reference [4] has provided the performance evaluation between SS-STBC and SD-CDD. 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.
3 Diversity-based transmission for CP-OFDM

According to the agreement in RAN1#89, there are two alternatives for the UL diversity with CP-OFDM waveform. Actually, the Alt.1 is to support transparent transmit diversity schemes (e.g., SD-CDD, RB-level precoder cycling, Antenna port switching) and the Alt.2 is to support the non-transparent schemes (e.g., SFBC, Non-transparent precoder cycling). Down-selection needs to be made between transparent schemes and non-transparent schemes. For the non-transparent schemes, we investigate SFBC. For the transparent schemes, we investigate SD-CDD, antenna port switching and RB-level precoder cycling.
3.1 Introduction to candidate schemes

A brief discussion of SFBC, SD-CDD and antenna port switching can be found in section 2.1.1, 2.2.1 and 2.2.2 separately. For the RB-level precoder cycling schemes, a precoder set which is comprised of [1,1]T, [1,j]T, [1,-1]T, [1,-j]T is applied in turn to each PRB in frequency domain. 
3.2 Symmetric design issue of DL and UL 

It has been decided that NR DL would not support non-transparent scheme, including SFBC and RE-level precoder cycling. Although the symmetric design of transmission scheme for UL, i.e. adopting transparent scheme in UL as well, may make the whole system streamlined, it will make uplink transmission lose too much robustness. Considering that uplink is very different from downlink, especially interference situation, the so-called symmetric design of transmission scheme for DL and UL becomes unreasonable.
The so called interference mismatch issue of SFBC in downlink would not exist at all for uplink. For DL, the interference mismatch issue only becomes possible when the UE of the serving SFBC link does not know the interference link also uses SFBC and therefore fails to use the correct interference covariance matrix for SFBC. However, network, as the reception side of uplink transmission, has much more uplink scheduling information as well as interference measurement. Firstly, NR network side also has much more stronger computational capability than UEs, thereby easily estimating the correct interference covariance matrix of interference SFBC link. Secondly, NR network side would be capable enough to know the transmission scheme of the interference link by scheduling information exchange inside network. Thirdly, the detection complexity of interference link of SFBC transmission can be significantly reduced by many ways, especially design on DMRS ports, e.g., fixed mapping between DMRS ports and SFBC scheme.
Based on the aforementioned analysis, it can be found that SFBC transmission would be much favourable for uplink. It indicates the symmetric scheme design of DL and UL is unnecessary.
Observation 1: SFBC transmission would be much favourable for uplink diversity transmission.
3.3 Initial evaluation for the channel estimation penalty impaction
Channel estimation penalty or DM-RS overhead is one of the main drawbacks of the two DM-RS ports transmission schemes (e.g. SFBC). Firstly, evaluation result with ideal channel estimation has been provided in Figure 1 (a). Without the influence of the channel estimation, SFBC has the best performance at all the SNRs. Secondly, performance with channel estimation has been provided in Figure 1(b). 
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(a) Ideal channel estimation




  (b) Realistic channel estimation

Figure 1. Fc=4GHz, CDL-A 100ns, 3km/h, 4RB, 2T2R, CR = 3/4, 16QAM
Front-loaded DM-RS pattern for each PRB (Figure 2) has been used for channel estimation. Here, each PRB contains 7 symbols in the time domain and 12 subcarriers in frequency domain. The first symbol is used for PUCCH. DM-RS port 0 and port 1 are CDM multiplexed with OCC-2 in frequency domain. Therefore, schemes with 1 DM-RS port and 2 DM-RS ports have the same DM-RS overhead. Meanwhile, each port of the 2 DM-RS ports schemes only have half power compared to the port of the 1 DM-RS port schemes. This fact results in channel estimation performance loss.
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Figure 2. DM-RS pattern for channel estimation
From the Figure 1, it can be found that, considering the influence of the channel estimation, the performance of the SFBC degrades 2dB @ BLER = 0.1 (SD-CDD: 1dB @ BLER=0.1; Antenna port switching: 1 dB @ BLER = 0.1; RB-level precoder cycling: 1 dB @ BLER=0.1). Channel estimation performance loss reduces the performance advantage of SFBC over other transparent schemes. But SFBC still outperform other transparent schemes with the realistic channel estimation.
3.4 Initial evaluation for the high speed scenarios
Performance of the candidates schemes with realistic channel estimation have also been evaluated in high-speed scenarios 120km/h. The results have been presented in Figure 3.
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(a) 30km/h







  (b) 120km/h


Figure 3. Fc=4GHz, CDL-A 100ns, 4RB, 2T2R, CR = 1/2, QPSK, Realistic channel estimation
From the Figure 3, it can be found that as the moving speed increases, the performance advantage for SFBC increase dramatically. At the velocity 120km/h, the performance gap between the SFBC and the transparent scheme with the best performance reaches to 1dB @ BLER = 0.1. In the high speed scenarios, some transparent schemes may be hardly useful of its inferior performance. Therefore, the SFBC should be supported in NR for high speed scenarios.
3.5 Discussion

Based on the above evaluation results, the following observations can be made:
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.

Based on the above observation, the proposal is:
Proposal: For CP-OFDM, non-transparent UL transmit diversity (e.g. SFBC) should be supported in NR.
4 Conclusion
In this contribution, we discussed the diversity based transmission for UL. Based on the discussion and evaluation, the following observations are made:
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.
References
[1] 3GPP RAN1#88bits, Chairman’s note, Spokane, USA, April 3-7, 2017.
[2] 3GPP RAN1#89, Chairman’s note, Hangzhou, China, May 15-19, 2017.
[3] Mitsubishi Electric, “UL diversity transmission for DFTsOFDM”, R1-1707798. Hangzhou, China, May 15-19, 2017.
[4] Qualcomm, “On UL diversity transmission scheme”, R1-1708583. Hangzhou, China, May 15-19, 2017.
[5] 3GPP RAN1#88, Chairman’s note, Athens, Greece, February 13-17, 2017.
Appendix A. Simulation assumptions
	Parameter
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing 
	15kHz

	Delay spread
	100ns

	RB number
	4

	Channel model 
	CDL-A

	UE speed
	3km/h,30km/h,120km/h

	UE antenna configurations
	2Tx

	UE antenna pattern
	Omnidirectional

Max Gain = 0dBi

SLAV=Am=25

	BS antenna configurations
	2Rx

	BS antenna pattern
	θ3dB=φ3dB=65°

Max Gain = 8dBi

SLAV=Am=30

	Code rate
	3/4,1/2

	Modulation
	16QAM,QPSK

	Receiver
	MMSE-IRC

	Channel coding
	Tubro (Max Turbo Iteration = 6)

	PMI feedback
	Open loop

	PRB bundling size
	4 (SFBC,SD-CDD, Antenna port switching)
1 (RB-LEVEL cycling)
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