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 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1 January AH NR Meeting for Transmission scheme 2
Agreement: 
· 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

Even though many contributions were submitted in RAN1#88 and 88bis meetings for data channels, in this contribution, we provide our views on the transmission scheme 2 for DL.
Transmission Scheme 2 for Data Channels 
[bookmark: _Ref378529477]In general, in our view transmission schem2 designed needs to be robust as this scheme will be used for high Doppler channels. Since with high Doppler, we don’t envision higher rank.  In this contribution, we focus on two candidate schemes with rank equals to 1. We consider DMRS based SFBC and random precoding or also called precoder cycling with one antenna port. 
1. DMRS based SFBC:  This scheme is similar to transmission mode 2 of LTE. Note that in TM2, the UE uses CRS for channel estimation for both CSI and data demodulation. However, for NR, since there is no CRS, we need a separate reference signals for channel estimation. We can use CSI-RS for channel estimation for CSI reporting for data channels similar to transmission scheme 1. However, for data demodulation a separate DM-RS needs to design as the DM-RS is non-precoded.   
1. Random Precoding with one antenna port:  In this scheme, the precoder cycling which is transparent to the UE is considered.  The rank 1 precoders are applied at the RB level. The DM-RS pattern designed for transmission scheme 1 can be reused for this scheme.   
Some of the key differences between these two schemes are shown in Table 1.
	Property
	DMRS-SFBC
	RB level cyclic precoding

	DM-RS overhead

	High
	small

	Uplink Feedback channel overhead
	Same- only CQI report
	Same-only CQI report

	Applicability to higher number of antennas
	Virtual mapping to 2/4 antenna ports is needed
	No virtual mapping

	Standards impact
	High (Orphan RE mapping)
	Very minimal

	Performance (link level)
	Superior compared to RB level Cyclic precoding
	Depends on the number of RBs allocated

	Performance (systems level)
	Worse due to co-channel interference (similar to spatial multiplexing)
	Superior compared to SFBC


Simulation Results 
As discussed above, one of the drawback of RB level cyclic precoding is the performance is worse when the number of RB’s allocated is less. Figure 1 shows the spectral efficiency as a function of SNR for SFBC and RB level cyclic precoding with 1 RB. Note that in this case, the spectral efficiency is computed by 
Spectrum efficiency = TBS*(1-BLER)/(T*BW)
Where, TBS is the transport block size in bits, BLER is the block error rate, T is the time duration of one subframe, and BW is the actual bandwidth. The link level simulation assumptions are shown in Table 1.
We consider 2 port MIMO configurations with link adaptation. For RB level cyclic precoding we used LTE-Release 8 pecoding codebook. For this scheme the CSI-RS is also precoded with the same codebook. For both the schemes the receiver, the UE computes the CQI based on the received SINR. In our simulations we assume perfect channel estimation. The feedback is assumed to have 4 TTI delays and is assumed to be error free. Simulations are run for a UE with different SNRs and the wireless channel assumed is TDL-A channel. The velocity of the mobile is assumed to be 30 Kmph as transmission scheme 2 is mainly used for high Doppler channels.   The main simulation parameters are tabulated in Table 1.  

 
Table 1 Detailed link level simulation assumptions 
	Assumptions 
	Value 

	Carrier frequency
	4.0 GHz 

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms

	Subcarrier spacing 
	15KHz

	Guard time interval
	4.7us (interval of LTE normal CP) as baseline

	FFT size 
	1024 

	Data transmission bandwidth 
	 1 RB and 20RB 

	Antenna  configuration
	(2,2,2,1,1)

	Number of codewords
	1

	Precoding codebook
	LTE-Release 8 for RB level cyclic precoding

	Channel encoder
	LTE turbo code

	MCS 
	For link adaptation: QPSK, 16-QAM and 64-QAM are considered with variable code rate

	Control Overhead 
	Zero

	Channel estimation 
	Ideal


	ACK/NACK feedback error rate
	Baseline: 0%

	PMI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	4 TTI



It can be observed from Figure that even with small RB level allocation, the performance of RB level cyclic precoding is slightly worse compared to SFBC.  This is expected as some of the RBs experiences low SINR and since the UE reports a wideband CQI. However, when we increase the number of RBs, the performance difference between these two schemes is very minimal as shown in Figure 2. In this case, we used 20 RBs for data scheduling.  
Note that even with small RB allocation, we can improve the performance of RB level cyclic precoding using multiple CSI-RS processes. For example we can precode CSI with different precoder cycles in each CSI processes and choose the best CSI on which the UE reports best CQI. This scheme does not require standardization support.
[image: ]
Figure 1 Link level performance of SFBC and RB level cyclic precoding with 1 RB allocation
[image: ]
Figure 2 Link level performance of SFBC and RB level cyclic precoding with 20 RB allocation
Since RB level cyclic precoding is applied for many antenna antennas with minimal standardization support at the same time the performance can be improved with multiple CSI- processes, we prefer random precoding should be standardized for transmission scheme 2 for rank1.  
In addition, it was also agreed to have rank-1 precoding for PDCCH. In our view, same TxD scheme for control and data has always been beneficial since it can save standardization effort. With flexible RE mapping scheme, it’s likely that PDSCH RE will be mapped to the REs used for some CORESET (which is not occupied). Besides, with SPS scheduling, PDSCH may be transmitted on whole first OFDM symbol (no PDCCH at all). Essentially, PDSCH is interfered by a PDCCH or vice versa. From receiver’s point of view, interference cancellation is much more efficient if the interference transmission scheme is the same as that of signals. Therefore, we propose: 

Proposal 2:  Random precoding with one antenna port is preferred over DMRS based SFBC for transmit diversity operation of data channels.
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _GoBack]Conclusions
In this contribution, we provide our views on the transmit diversity schemes. Based on our observations, we have the following proposal:
Proposal 1:  Random precoding with one antenna port is preferred over DMRS based SFBC for transmit diversity operation of data and control channels.
[bookmark: _Ref450342757]
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