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1 Introduction
In the recent RAN1 #88 no decision was made towards selection of the downlink open loop transmission scheme. In RAN1 AH-NR meeting, the following agreements on downlink Transmission Scheme (TS) 2 were reached [1]. The agreements call for a down selection of the proposed schemes for rank 1 and rank >2 transmissions. 
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS
· DMRS based SFBC
· For rank>1, 
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS
· Large-delay CDD with non-transparent DMRS

The SFBC transmission is considered among the rank 1 candidate transmission schemes for TS2. It has demonstrated its effectiveness as the preferred transmit diversity scheme in LTE. Despite limited availability of the covariance matrix of the interference, SFBC still performs well in interference limited scenarios. In this contribution, we present our views and simulation results on SFBC and some of other candidates for TS2. 
2 Considerations for Selection of a Transmission Scheme for TS2
There are several aspects in selection of a transmission scheme. As the preferred choice for TS2, the candidate scheme should exhibit a robust performance at different operational interference environment. For example, when operating at the cell edge, it has to be resilient enough to counter the in-band interference of neighbouring cells. Moreover, due to other use cases such as URLLC, where interference is not dominant, the preferred scheme should demonstrate a high degree of reliability that often is attributed directly to the available degree of diversity.
[bookmark: _GoBack]Also, due to the higher degree of diversity [3], it can be demonstrated that the SFBC transmission offers a more consistent performance at both low and high code rates.
MMSE-IRC receiver is the baseline receiver for interference mitigation and suppression. An MMSE-IRC requires an accurate estimate of the covariance matrix of the interference to be able to effectively suppress the interference signal. At the receiver, an estimate of the interference is often provided from measurements performed on reference signal (RS) ports [2]. It is known that due to the mismatch between the measured covariance matrix and the covariance statistics required for optimum operation of MMSE-IRC, some performance loss may be expected for SFBC. However, it has been argued that the loss due to the mismatch may not be significant and could be avoided [3]. 

3 Simulation Studies
In this section, we provide our evaluation results for the main candidates of the TS2 schemes, namely, SFBC, and precoder cycling. For precoder cycling, two different options of 1 RB and 6RB cycling are considered where the precoder for every RB and every 6 RB is cycled at every subframe, respectively. We also have included our evaluation results for both low and high code rates. Table 1 captures the simulation assumptions used for the performance evaluation.
Figure 1-3 show our evaluation results at different scenarios. From the presented results, following observations can be made:
Observation 1 – In a fixed INR scenario, and with low code rates, pre coder cycling outperforms SFBC at low SNR range, however the trend reverses at high SNR.
Observation 2 – In a fixed INR scenario, and with high code rates, SFBC outperforms precoder cycling schemes at medium-high SNR range by a large margin.
Observation 3 – In high SIR scenarios and with any code rate, SFBC outperforms precoder cycling schemes.
Observation 4 – In low SIR scenarios, depending on the employed code rate, SFBC performs close or superior to the precoder cycling. 

Proposal – Due to versatility and performance of SFBC in operating in multiple scenarios, NR selects SFBC for TS2.
[bookmark: _Ref478131720]Table 1 Link-level Simulation Assumptions
	Parameter for LLS
	Value

	Channel model
	TDL-B; DS = 100 ns

	
	Maximum Doppler frequency: 5Hz

	
	MIMO: Low channel correlation

	Allocation size
	6 PRB

	BS antenna configuration
	2 Tx 

	UE antenna configuration
	2 Rx 

	Channel estimation 
	UE RS

	Noise estimation
	Ideal

	Interference (SIR)
	30 , 3,  0 dB

	CSI feedback periodicity 
	No CSI feedback

	CSI feedback delay
	No CSI feedback

	UE receiver
	MMSE-IRC

	MCS
	QPSK 1/3, 3/4

	Max HARQ transmissions
	0

	Precoder options (every TTI)
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[bookmark: _Ref473640671]Figure 1 Performance comparison with fixed INR = 10dB
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Figure 2 Performance comparison with fixed SIR = 30 dB
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Figure 3 Performance comparison with fixed SIR = 3 dB

4 [bookmark: _Ref378529477]Conclusions 
[bookmark: _Ref129681832]In this contribution, we provided our evaluation results for candidate schemes for TS2. Based on the presented results and discussion following observations and proposals are made; 
Observation 1 – In a fixed INR scenario, and with low code rates, pre coder cycling outperforms SFBC at low SNR range, however the trend reverses at high SNR.
Observation 2 – In a fixed INR scenario, and with high code rates, SFBC outperforms precoder cycling schemes at medium-high SNR range by a large margin.
Observation 3 – In high SIR scenarios and with any code rate, SFBC outperforms precoder cycling schemes.
Observation 4 – In low SIR scenarios, depending on the employed code rate, SFBC performs close or superior to the precoder cycling for the low-medium SNR range. 

Proposal – Due to versatility and performance of SFBC in operating in multiple scenarios, NR selects SFBC for TS2.
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