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Introduction 
In RAN1 meeting #90 [1], the following agreement was reached in regard to transmit diversity scheme for PUSCH transmission with CP-OFDM waveform; 
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification

The discussion on transmit diversity scheme for PUSCH with DFT-s-OFDM continued, and agreed on the following [1];
· For DFTsOFDM waveform based PUSCH, further consider the following alternatives:
· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 
· Note: there are several possible schemes proposed in various contributions. 
· 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
· If Alt 1 and Alt 2 is not supported or either of them is supported and is not configured
· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes
[bookmark: _GoBack]This document is resubmission of an earlier contribution (R1-1714136) prepared for RAN1 meeting #90 [1]. In the contribution, we provide our evaluation results for the main candidate schemes of transmit diversity for uplink transmission with DFT-s-OFDM that includes STBC with virtual symbols [2, 3], SFBC [4] and CDD.
Performance Analysis 
Figure 1 and 2 show link-level performance evaluation results for the proposed schemes. Table 1 summarizes the main simulation assumptions. For the simulations, two transmission bandwidths of 4 and 20 RBs are assumed. 
In [3], we provided further enhancements for the STBC-CP that are captured in the Appendix. The guard interval for STBC-CP is defined to consist of 2 zeros at the beginning of each sub-symbol, and 1 zero at the end that is a total of 6 zeros. Therefore, the overhead can be estimated as 6/(48) = 12.5% and 6/(240) = 2.5% for 4 and 20 RB wide system, respectively.
Figure 1 shows simulation results for a transmission bandwidth of 4 RB. If the channel delay spread is small (30 ns), there is a small performance loss when a guard interval is employed. This is only due to the fact that  
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Figure 1 BLER Performance (4 RB)
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Figure 2  BLER Performance (20 RB) at 3 Km/h
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Figure 3  BLER Performance (20 RB) at 30 Km/h
the ICI is negligible, and injection of the guard interval has only resulted in an increase in the coding rate, and thus a performance loss. However, for large delay spread, some gains can be observed. The observed gains for QPSK is not notable, however they become significant for 16QAM in channel with large delay spread. 
Figure 2 shows evaluation results for a transmission bandwidth of 20 RB. Similar observations as the 4 RB case can be made for QPSK transmission that the observed gains in channel with high delay spread is not remarkable. For 16QAM, the improvement resulted from CP insertion is still visible, but less than the observed improvement for the 4 RB case. In this case, the gain is limited due to increased frequency diversity resulted from wider band transmission. In Figure 3 our evaluation results for a higher UE speed of 30 Km/h are presented that indicate a similar trend as what demonstrated in Figure 2.

Based on the presented result, the following proposal is made;

Proposal – RAN1 considers using the modified STBC transmit diversity for channel with high delay spread.

Summary
In this contribution, we provided our evaluation results for main candidates of uplink transmit diversity schemes, including the STBC-CP with virtually split symbols for uplink transmit diversity. 
Proposal – RAN1 considers using the modified STBC transmit diversity for channel with high delay spread.

Table 1 – Link-level simulation parameters
	Number of RBs
	4, 20

	Channel
	TDL-A 30, 300 1000 ns rms delay spread

	Frequency 
	2 GHz

	Channel Coding
	Turbo 1/2

	DFT size (M)
	48, 240

	IDFT size (N)
	1024

	Receiver type
	ML for STBC
MMSE for SFBC and CDD

	Guard interval size for STBC-CP
	3 zeros for each sub-symbol; 6 zeros for one DFT-s-OFDM symbol
Overhead 12.5% and 2.5%

	Channel estimation
	Ideal
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Appendix
Among the diversity scheme candidates, non-transparent transmit diversity schemes such as space time block coding (STBC) offer the best overall performance. Space block code scheme exhibit a better performance by featuring a higher degree of diversity than the transparent schemes. In [3], a modified STBC scheme based on virtual split of transmit symbols was introduced. The main benefits of the proposed scheme are in its capability of maintaining single carrier property of the waveform, and also in prevention of unpaired symbols.
The presented results in [2] indicated the superior performance of the proposed STBC-based scheme over the CDD transmission scheme. The main drawback of the proposed scheme remains to be the potential inter virtual-symbol interference in channel with large delay spread.
In this contribution, we show that the performance of the STBC with virtually split symbols can be further enhanced with a minor modification to reduce the inter virtual-symbol interference. 
Due to the single carrier nature of DFT-s-OFDM, the sub-symbols that enter the DFT block and come out at the output of the IDFT experience an oversampling operation with the oversampling ratio of the IDFT size to the DFT size. Since each sub-symbol is subject to DFT separately at the receiver, both inter-symbol interference (ISI) and inter-subcarrier interference (ICI) may occur. But more specifically, not having any guard time between the sub-symbols leads to loss of cyclic convolution that results in some ICI.
As illustrated in Figure 1, to prevent the loss due to ISI and ICI, each sub-symbol may have its own internal guard interval by padding a few zeros at either end. Although the internal guard intervals may result in a slightly higher overhead, as it will be shown in the next section, they could provide some performance enhancement in channels with high delay spread. Moreover, since the guard interval are created within the data block, it would be relatively easy to adapt the CP length without any changes in the transmitter.
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Figure 3 STBC for a single DFT-s-OFDM symbol
	Receiver Operation:
1. Remove the CP at the receiver
2. Take size-N DFT (N = 1024)
3. Select the loaded M subcarriers (M = 48 or 240 sub carriers)
4. Take size-M IDFT to go to time domain (r(m) = [r1(m) r2(m)]
5. Separate the signal into 2 pieces of length M/2 ; r1(m) and r2(m)
6. Pad with zeros each of r1(m) and r2(m) to make them length M, then go to frequency domain with size-M DFT
7. Do the combining and equalization using size-M channel responses
8. Come back to time domain with size-M IDFT, throw the padded zeros, go to demodulation and channel decoder
9. With guard interval, the zero samples are discarded






image1.emf
0 2 4 6 8 10 12 14

SNR (dB)

10

-2

10

-1

10

0

B

L

E

R

QPSK, 4RB

STBC 30

STBC 300

STBC 1000

STBC-CP 30

STBC-CP 300

STBC-CP 1000

SFBC 30

SFBC 300

SFBC 1000

CDD 30

CDD 300

CDD 1000


image2.emf
0 5 10 15 20 25 30

SNR (dB)

10

-2

10

-1

10

0

B

L

E

R

16QAM, 4RB

STBC 30

STBC 300

STBC 1000

STBC-CP 30

STBC-CP 300

STBC-CP 1000

SFBC 30

SFBC 300

SFBC 1000

CDD 30

CDD 300

CDD 1000


image3.emf
0 2 4 6 8 10 12 14

SNR (dB)

10

-2

10

-1

10

0

B

L

E

R

QPSK, 20 RB

STBC 30

STBC 300

STBC 1000

STBC-CP 30

STBC-CP 300

STBC-CP 1000

SFBC 30

SFBC 300

SFBC 1000

CDD 30

CDD 300

CDD 1000


image4.emf
0 5 10 15 20 25 30

SNR (dB)

10

-2

10

-1

10

0

B

L

E

R

16QAM, 20 RB

STBC 30

STBC 300

STBC 1000

STBC-CP 30

STBC-CP 300

STBC-CP 1000

SFBC 30

SFBC 300

SFBC 1000

CDD 30

CDD 300

CDD 1000


image5.emf
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

10

-2

10

-1

10

0

B

L

E

R

QPSK, 20 RB

STBC 30

STBC 300

STBC 1000

STBC-CP 30

STBC-CP 300

STBC-CP 1000

SFBC 30

SFBC 300

SFBC 1000

CDD 30

CDD 300

CDD 1000


image6.emf
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

10

-2

10

-1

10

0

B

L

E

R

16QAM, 20 RB

STBC 30

STBC 300

STBC 1000

STBC-CP 30

STBC-CP 300

STBC-CP 1000

SFBC 30

SFBC 300

SFBC 1000

CDD 30

CDD 300

CDD 1000


image7.png
Guard
interval

sy(m)

s2(m)

DFT

IDFT

P+
Tx

sp(-m)*

Antenna port 1

-s1(-m)*|

Antenna port 2

DFT

IDFT

P+
Tx





