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1 [bookmark: _Ref409106980]Introduction
In 3GPP RAN #71 meeting, study on New Radio Access Technology [1] was agreed. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications. The new RAT (NR) will consider deployment on frequency ranges up to 100GHz. 
In RAN1 NR Adhoc [2], there were some agreements made for Transmission scheme 2. The related agreements are given below:
Agreements:
· 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

In this contribution, we discuss more specifically about rank 1 transmission scheme. For this, we propose and evaluate schemes based on SFBC such as open loop hybrid SFBC and closed-loop SFBC.
2 Need for a robust diversity scheme
The growth of the wireless traffic especially in cellular networks is exponential, thereby demanding huge data rate in terms of Gigabytes per second (Gbps). The situation is exacerbated by the spectrum crunch that state-of-the-art cellular networks face. Though the move towards millimeter wave (mmWave) network might relieve some of the spectrum shortage concerns, it cannot be relied upon as a single standalone network as it is not suited for longer distance or high speed users. It is expected that new radio (NR) will address those data rate demands by increasing spectral efficiency of existing spectrum even while designing standard to support mmWave bands. 
The large amount of bandwidth is available in the millimetre (mm) wave band to meet the data rate requirements of 5G. Due to its high frequency of operation (e.g., 28 GHz), carrier wavelengths in this band are very smaller which results in lossy propagation characteristics. On the other hand, due to smaller wavelengths, the antenna size will be even smaller and hence packing more number of antennas in the user equipment (UE) will not be difficult without affecting its device form factor. With more number of antennas at the eNB and UE, highly directive transmission and reception can be achieved using the electronically steerable beams. In a nutshell, beamforming is the key technique to compensate the additional path loss in > 6GHz frequency band. Hence, the NR system will be based on beams. 
The coverage requirements for broadcast channel, multicast channel, control channel and data channel are different. Most important cell specific signalling information which is generally transmitted in broadcast channel should reach all connected UEs. Similarly, many UEs receive multicast channel. Next, control channel is also carrying important information of data channel, and hence coverage and reliability of the broadcast, multicast and control channel is crucial and hence the MIMO transmission method should be more reliable. Furthermore, the transmission method used for medium to high mobility UEs should be robust enough to handle fast fading channel characteristics. Therefore, transmit and receive diversity transmission schemes are used to increase the link quality and provide more reliable communication. 
Alamouti based space frequency block coding (SFBC) and space frequency block coding – frequency switched time diversity (SFBC-FSTD) are standardized in LTE to support two and four port CRS, respectively. The above said schemes are used extensively in data channels, control channels and broadcast channels as a robust scheme, fall-back scheme for many complex closed-loop transmission schemes. Likewise, such robust transmit diversity schemes are necessary to design in NR.
Furthermore, the transmit diversity schemes should be based on demodulation reference signals (DMRS). It solves many purposes like simple receiver design, reduced reference signal overhead and providing a transparent multi-user MIMO support.
Proposal 1: Proposing to support robust transmit diversity schemes based on DMRS in NR which can be used for control channels, broadcast channels and data channels
3 Hybrid beamforming and transmit diversity scheme
In NR, following three types of beamforming are being studied: analog beamforming, digital beamforming and hybrid beamforming. In massive MIMO system, the use of many radio frequency (RF) and analog-to-digital converter (ADC) chains is expensive. To minimize the number of RF chains, analog or RF beamforming is used as a practical solution. However, this type of beamforming can be used only in time division multiplexing (TDM) fashion, and hence it limits to the use of subband level beamforming. On the other hand, digital beamforming is done at the baseband and it will give full potential array gain. But this operation demands high complexity in terms of number of RF chains and channel state feedback (CSI) overheads.
Hybrid beamforming is a combination of analog and digital beamforming, and it considers as a middle ground in terms of performance and complexity. The sharp beams formed with analog beamforming (phase shifters) compensate for path loss, especially the large path loss in mmWave bands, and generally this analog beamforming will be transparent to the receiver. Digital beamforming provides the necessary flexibility to steer the beam towards the user along with diversity and multiplexing gains. 
Transmit diversity schemes like SFBC give protection against small scale fading. The transmission scheme which is combining digital beamforming and orthogonal space time block coding, well studied in [3], is proposed in our previous contribution [4]. It achieves the merits of both diversity and beamforming.
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Fig. 1. Combined SFBC/SFBC-FSTD with beamforming
Fig. 1 shows the combined SFBC/SFBC-FSTD with digital beamforming transmission scheme. The symbols  are performed SFBC/SFBC-FSTD coding over the 2/4 DMRS ports. The 2/4 DMRS ports can be configured for each UE based on closed loop feedback or semi-open loop feedback or open loop. This simple framework can be used to deploy multiple transmission schemes such as closed loop SFBC, semi-open loop SFBC and open loop SFBC. 
Proposal 2: Proposing to support a framework for the transmission scheme of SFBC combined with precoding
4 Evaluation of the schemes
We compared the LTE transmit diversity schemes such as open loop SFBC-FSTD with hybrid SFBC in Fig. 1. These simulations are done with 2 and 4 CRS ports with same number of physical antennas respectively. Other link-level simulation assumptions are given in the appendix. Table 1 refers the HSFBC throughput gain over 4-port SFBC-FSTD in different SNRs which shows consistent throughput gain. Hybrid SFBC scheme performs better than 4-port SFBC-FSTD due to the following
· 2-port hybrid SFBC gets almost similar frequency diversity due to precoder cycling
· 2-port hybrid SFBC has only 2 port reference signal overhead 
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Fig. 1 Comparison of Open loop SFBC-FSTD and HSFBC 
	SNR [dB]
	OL-HSFBC Throughput gain over SFBC-FSTD [%]

	-3
	2.98

	3
	4.62

	12
	4.09


Table 1.  HSFBC Throughput gain over SFBC-FSTD
With the same framework, closed-loop SFBC can be implemented. Fig. 2 compares closed-loop SFBC based on 2 and 4 physical antennas with SFBC-FSTD. In both closed-loop cases, only 2 port reference signals were assumed and wideband PMI reporting by assuming number of physical antennas and 2 layers. Table 2 refers the closed-loop SFBC throughput gain over 4-port SFBC-FSTD in different SNRs which shows consistent throughput gain. As expected, closed-loop SFBC schemes outperform the SFBC-FSTD scheme and 4 antenna closed-loop SFBC scheme is performing better than 2 antenna closed-loop SFBC scheme due to extra beamforming gain. 
[image: ]
Fig. 2. Comparison of SFBC-FSTD and closed-loop SFBC 
	SNR [dB]
	2x2 CL-SFBC Throughput gain over SFBC-FSTD [%]
	4x2 CL-SFBC Throughput gain over SFBC-FSTD [%]

	-3
	0.75
	20.32

	3
	4.28
	14.27

	11
	4.26
	10.55



Table 2.  Closed-loop SFBC Throughput gain over SFBC-FSTD
From the results, we can make the following observations,
· Closed-loop hybrid SFBC schemes are performing better than SFBC/SFBC-FSTD schemes defined in LTE. 
· SFBC schemes with more than 2 ports will have high reference signal overhead and channel estimation complexity.
Proposal 3: Proposing to consider Open/Semi-open/Closed-loop SFBC schemes for adoption in NR 

5 Conclusions
Base on the discussions above, we have the following proposals. 
Proposal 1: Proposing to support robust transmit diversity schemes based on DMRS in NR which can be used for control channels, broadcast channels and data channels
Proposal 2: Proposing to support a framework for the transmission scheme of SFBC combined with precoding
Proposal 3: Proposing to consider Open/Semi-open/Closed-loop SFBC schemes for adoption in NR 
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Appendix – Simulation assumptions

	Parameters
	Value

	System bandwidth
	5MHz (25 PRBs)

	Carrier Frequency 
	2GHz

	UE Speed 
	3 km/h

	Receiver 
	Ideal channel estimation

	
	LMMSE-IRC receiver

	Feedback 
	PUCCH 1-1 for the closed-loop

	
	Implicit CSI feedback (CQI and PMI) triggered per 5ms

	
	Feedback delay is 5 ms

	Overhead 
	2 symbols for DL CCHs
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