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 Introduction
[bookmark: _GoBack]In RAN #71, a new study item New Radio (NR) Access Technology was approved. In the 3GPP NR Ad hoc#1, transmit antenna diversity was agreed to be supported at least for long duration PUCCH: 
 Agreements:
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration
In the 3GPP RAN1#88bis meeting, the following transmit diversity schemes were agreed as candidates for DFT-s-OFDM in long duration PUCCH: 
Agreements:
· For DFTsOFDM in long-PUCCH, 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), time domain beam/precoder cycling or SORTD
· FFS: for which PUCCH format and/or payload size 
· Other schemes with low PAPR are n ot precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.

Since the coverage of NR is determined by the performance of PUCCH low complexity transmit diversity scheme needs to be chosen which does not increase peak to average power ratio (PAPR). In this contribution, we provide our views on NR PUCCH diversity schemes for long duration. We analyze the performance of each scheme with simulation results and conclude that if Alamouti based transmit diversity is applied after DFT preserves the same PAPR as that of single antenna, while at the same time achieves similar diversity gains as that of conventional SFBC. 
Transmit Diversity Schemes for Long duration PUCCH
[bookmark: _Ref378529477]Note that, for long duration PUCCH, the number for symbols can range from 4-14.  In our analysis, we consider 14 symbol PUCCH with control channel data and RS multiplexed in timed domain similar to LTE PUCCH.  In our analysis, we consider the following transmit diversity schemes. 
a. SFBC Scheme: In this scheme, Alamouti scheme is applied for two adjacent frequency sub carriers similar to LTE SFBC.  At the receiver conventional maximum ratio combining or MMSE based receiver can be used to detect the PUCCH symbols.  Figure 1 shows the CF for the PAPR on the first antenna, which is exactly same as that of single antenna.
[image: ]
Figure 1 CDF plot for the PAPR on first antenna in SFBC scheme

Figure 2 shows the CDF for the second antenna. Also plotted is the CDF plot with single transmit antenna. It can be observed that PAPR is increased on second antenna if we use conventional SFBC scheme.  In our simulations, we observed the PAPR is increased by 2-2.5 dB.  Hence if we use conventional Alamouti scheme, the PA on second or both the antennas needs to do a power back off which results in coverage loss.  Hence we don’t prefer conventional SFBC scheme. 
[image: ]
Figure 2 CDF plot for the PAPR on second antenna in SFBC scheme


b. Post-DFT based Alamouti Scheme: In this scheme as proposed in [1], Alamouti scheme is applied after the DFT precoding. However to preserve the PAPR, the resource mapping is done on second antenna such that PAPR is preserved after the IFFT operation as shown in Figure 3.
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Figure 3 Block diagram of post DFT- based Alamouti Scheme
Figure 4 shows the CDF for PAPR on First antenna for this scheme. Since the conventional resource mapping is used the PAPR is same as that of single transmit antenna. 
[image: ]
Figure 4 CDF plot for the PAPR on first antenna in post DFT based Alamouti scheme

Figure 5 shows the CDF plot for the PAPR on second antenna. Note that we used the same resource mapping pattern as outlined in [1].  For comparison purposes, we also plotted the PAPR for the SFBC scheme on the second antenna for comparison purposes.  It can be observed from figure that this scheme archives the same PAPR as that of single antenna for the antenna ports. This is particularly attractive for coverage limited scenarios as the power amplifier can be operated with full power thanks to Pi/4 QPSK modulation. Note the conventional SFBC based receiver can be used for this scheme with proper resource de mapping procedures at the receiver.
[image: ]
Figure 5 CDF plot for the PAPR on second antenna in post DFT based Alamouti scheme

c. Pre-DFT based Alamouti Scheme: In this scheme as proposed in [2], Alamouti scheme is applied before the DFT precoding. This scheme will preserve the PAPR on both the antennas, however, one of the major drawbacks of this scheme is PUCCH needs to be transmitted in even number of symbols.  For odd number of symbols, the last symbol is split into half and Alamouti scheme is applied.  In our view this is proposal has no technical merit over the post DFT based technique since the number of symbols on PUCCH might vary. In addition with this method, the receiver needs to be modified at the network. Hence in our view, this scheme is not suitable for long duration PUCCH diversity scheme.  
d. Time Domain Precoder Cycling: In this scheme rank 1 precoder cycling is used at time domain, where all the symbols uses the same precoder for a given duration. After N PUCCH transmissions, the same precoder is used for mapping the two antenna ports. This scheme is a transparent scheme as the DM-RS is also precoded with the same precoder. One advantage oif this technique is that only single DM-RS resources are needed compared to two in the previous schemes.   In our analysis we used N = 4 and reused the LTE 2 antenna ports code book. Figure 6 shows the PAPR on the second antenna for this scheme. It can be observed that scheme preserves the same PAPR as that of single antenna. 
e. SORTD: In this scheme as separate orthogonal resources are used for transmission on the second antenna port. Since orthogonal resources are used, the PAPR is preserved on both the antennas and this scheme gives the coverage benefits for DFT-S-OFDM.  However, one major drawback is that it needs additional resources on the second antenna. In principle, this scheme is fine for us, if we have enough bandwidth and resources are not limited.  
[image: ]
Figure 6 CDF plot for the PAPR on second antenna in time domain RB level precoder cycling


In the next section we compare the block error rate using link level simulation results.
Simulation Model 
In this contribution, we evaluate the performance of NR long duration PUCCH with transmit diversity. With link level simulations. We consider 2 antenna ports at the UE side and 2 receiving antennas at the gNB side. In our simulations we assume practical channel estimation. For CSI transmission, we used CQI bits equal to 4 which are coded using (20, 4) Reed Muller code.  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 3 Kmph.  The main simulation parameters are tabulated in Table 1.   
Table 1 Detailed link level simulation assumptions 
	Assumptions 
	Value 

	Carrier frequency
	2.1 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 

	Control channel  bandwidth
	1 PRB with 15 KHZ spacing 

	Antenna  configuration
	(2,2)

	DM-RS
	4 symbols 

	Precoding codebook
	LTE 2 transmit antennas

	Channel encoder
	Reed Muller

	MCS 
	QPSK

	Channel estimation 
	Practical



Simulation Results
In this section, we present our simulation results for the considered transmit diversity schemes.  First we would like to mention that performance with SFBC is the upper bound as SFBC achieves the full diversity gain.   Note that in our simulations, we used single DM-RS resources with OCC. Figure 7 shows the block error rate for the schemes considered. It can be observed that post –DFT based Alamouti scheme performs almost equal to that of SFBC based scheme while at the same time preserves the PAPR as that of single antenna. 
[image: ]
Figure 7 Block error rate  for NR PUCCH  with transmit diversity 
The performance of time domain random precoder cycling is worse as some of the precoders might be  not suitable for , then the whole packet is in error as there is no frequency diversity (since only one RB is transmitted). The performance of SORTD is expected to be equal to that of SFBC as it achieves the full diversity. 
Proposal 1: For long duration NR PUCCH, post DFT based Alamouti scheme is preferred as the transmit diversity scheme.  

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution, we provide our views on the transmit diversity schemes for NR PUCCH. Based on our observations, we have the following proposal:
[bookmark: _Ref450342757]Proposal 1: For long duration NR PUCCH, post DFT based Alamouti scheme is preferred as the transmit diversity scheme.  
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