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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#90, the following agreements have been achieved [1]:
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification
· Send an LS to RAN4 to inform the agreements for them to consider for their future work – Cristina (Mitsubishi). LS in R1-1715273, which is endorsed and finally approved in R1-1715274.

· For DFT-s-OFDM waveform based PUSCH, further consider the following alternatives:
· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFT-s-OFDM 
· 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 DFT-s-OFDM
· 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 DFT-s-OFDM.
· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes
In this contribution, the diversity-based transmission schemed for both DFT-s-OFDM and CP-OFDM are discussed. 
Diversity-based transmission for DFT-s-OFDM
The main advantage of the DFT-s-OFDM is the low PAPR property which is very useful in link budget limited scenarios, benefiting the mobile terminal in terms of power efficiency. Therefore, preserving the low PAPR property should be one of the most important considerations, when selecting diversity-based transmission schemes for DFT-s-OFDM waveform. Here, we investigate the following candidate schemes: Alamouti-based transparent transmit diversity (including: PAPR preserving SFBC, split symbol STBC), time domain beam/precoder cycling and transparent transmit diversity (short delay CDD, transmit antenna selection).
Alamouti-based transmit diversity
Alamouti-based scheme is a diversity scheme with full diversity order which can be applied in either frequency domain (SFBC) or time domain (STBC) and need two DMRS ports for demodulation. 
PAPR preserving SFBC (SC-SFBC)
Traditional SFBC applies Alamouti coding at adjacent subcarriers within one OFDM symbol. However, such SFBC cannot be used in DFT-s-OFDM directly, since Alamouti coding would destroy the signal structure after DFT and therefore increase the PAPR.
PAPR preserving SFBC (SC-SFBC), e.g. the one in [2], is designed to overcome the drawback of the traditional SFBC. In this scheme, the sending signal on the second antenna is calculated as follows:


	 , 	(1)
Where s is the vector after DFT precoding in the frequency domain, M is the DFT size, and k is the index in frequency domain. The parameter p is an even integer, usually chosen as closest possible to M/2. Alamouti coding is performed at the subcarrier pair with index k and index (p-1-k) mod M.
It is worth noting that the SC-SFBC has more than one implementation (e.g., the implementation in [2]), which implies that layer mapping has to be specified according to the specific SC-SFBC scheme, if SC-SFBC is supported by specification. Furthermore, SC-SFBC can receive the precoder indicated by TRP for the same beamforming precoder on both PUSCH and corresponding DMRS ports. In other words, if PUSH and corresponding DMRS ports use different beamforming precoders, the complex operation of inferring precoded channels from DMRS ports for decoding PUSCH would be necessary. However, it would not bring any gains.
Proposal 1: For DFT-s-OFDM waveform based PUSCH, NR should support SC-SFBC using the same beamforming precoder on PUSCH and corresponding DMRS ports.
Split-symbol STBC (SS-STBC)
Traditional STBC applies Alamouti coding on the adjacent OFDM symbols within the same subcarrier. With careful space-time symbol mapping design, PAPR preserving can be achieved. However, the traditional STBC requires an even number of OFDM symbols, which may not be guaranteed in NR. For example, in the case of mini-slot with two OFDM symbols, the first symbol may be used as PUCCH and RS, and the second symbol may be used as PUSCH. Both the number of PUCCH and PUSCH symbols are odd.
To overcome the drawback of the traditional STBC, split-symbol STBC has been discussed [3]. This scheme can operate STBC on a single OFDM symbol by splitting the vector to the DFT module into two halves. To limit the mutual interference between these two halves, sufficient cyclic prefix and cyclic postfix are need, at the expense of significant spectral efficiency loss. 
In addition, both traditional STBC and Split-symbol STBC are vulnerable to channel aging when UE is moving quickly. For example, NR supports up to 500km/h, with fc= 4 GHz, the maximum Doppler spread can be calculated:

		(2)
Coherence time can also be calculated:

		(3)
Because the coherence time is at the order of one OFDM symbol duration and the quasi-static requirement on adjacent Alamouti coded symbols may not be satisfied, the performance of this scheme will degrade dramatically. Therefore, performance of this scheme need to be further evaluated in high-speed scenarios.
Observation 1: The performance of the SS-STBC can be impaired in high-speed scenarios.
Time domain beam/precoder cycling
Beam/precoder cycling can be applied in the frequency domain or time domain for achieving diversity. In RAN1#88, it has been decided that [4], for DFT-s-OFDM, PRB bundling size is the whole scheduled bandwidth if the scheduled bandwidth comprises a single cluster. That is to say, UE shall apply the precoder in a way that the gNB may assume that UE uses the same precoder for all scheduled PRBs. In this way, beam/precoder cycling in frequency domain is not supported. Only time domain beam/precoder cycling can be used for diversity.
Time domain beam/precoder cycling can preserve the DFT-S-OFDM waveform of each antenna. It can be implemented in either transparent or non-transparent manner. In the transparent manner, the receiver does not need to be informed with the precoders used in the transmitter and the receiver can only estimate the combined channel after precoding. In this case, the cycling period is usually equal to or even longer than one slot. Figure 1 shows an example of the transparent time domain beam/precoder cycling where each precoder applies upon one slot.


Figure 1 Example of the transparent time domain beam/precoder cycling
In the non-transparent manner, the receiver knows the precoders used in the transmitter. In this case, the cycling period could be shorter than that of the transparent manner since more precoders/beams can be used in one slot. Figure 2 shows two examples of the non-transparent manner. In Figure 2(a), the RS is also precoded, and the receiver estimates the combined channel after precoding. The receiver needs to be informed with the precoder mapping relationship for data demodulation. For this implementation, the maximal precoder number is limited to the number of the DMRS port number in one slot. In Figure 2(b), the RS is not precoded. In this case, the precoder set and the cycling sequence need to be informed. Obviously, the latter manner shown in Figure 2(b) increases the cycling precoder number in one slot.

 
Figure 2 Examples of the non-transparent time domain beam/precoder cycling
As for the selection of precoders, an indicated or predefined codebook could be used for the non-transparent manner where the cycling order of the precoders could also be indicated or informed. Though there is no limitation of selecting precoders in principle for the transparent manner, the transmitter often selects precoders from a predefined codebook. The codebook is commonly designed for each possible number of antenna ports without regard to the cycling period, which makes the cycling may not match well with the transmission duration and the channel variance. A more general design of the codebook is to take the cycling period and the cycling step as well as the transmission duration into joint consideration. For example, the precoder element for antenna port p at symbol k can be set as follows:

		(4)
where N, g and c denote the number of transmitted symbols for one transport block, the number of symbols using the same precoder and the number of times a precoder being used within N symbols. Taking 2-port precoder as a simple example and assuming the precoders are circled once within a 14-symbol slot and the cycling step is on a basis of one symbol (i.e., applying two different precoders for two neighbouring symbols), the precoder element of the second antenna port in one slot could be derived via the symbol index k as exp(-i2k/14). Another advantage of this design is that the precoder could be autonomously derived at the transmitter/receiver without explicit indication of the codebook.
Transparent transmit diversity
Transparent diversity schemes reduce the standardized effort at the expense of performance loss. Short delay CDD is a typical transparent diversity scheme. Transmit antenna selection (or panel selection) can be implemented in either transparent or non-transparent way. Here we only consider the transparent transmit antenna selection (or panel selection). These two schemes need 1 DM-RS port and full diversity is not achieved.
Short delay CDD (SD-CDD)
SD-CDD achieves diversity by sending a cyclically delayed copy signal of the first antenna port on the second antenna port. This scheme transforms a system with multiple transmit antennas into an equivalent SIMO system with a more frequency selective channel. In other words, SD-CDD transforms spatial diversity into frequency diversity. At the same time, SD-CDD is PAPR preserving scheme, since cyclically delay in the time domain does not change the PAPR property. However, the performance of this scheme is sensitive to code rate and it also depends on the parameter of cyclic delay, channel property and the scheduled bandwidth. For example, a channel with a large delay spread and small scheduled bandwidth may lead to limited diversity gain.
Transmit antenna selection (TAS)
Another typical transparent transmission diversity scheme is transmit antenna selection or panel selection. Diversity of this scheme is gained by switching between multiple transmit antennas or panels. Take a 2Tx UE for example, at time 1 antenna 1 is selected for data transmission and at time 2 antenna 2 is selected for data transmission. The Antenna selection is repeated in this way regardless of the state of the channel. It is noted that it is the transparent transmit antenna selection or panel selection that we are discussing here. Therefore, the period for the antenna switching should equal to or longer than 1 slot. This scheme can be view as an implementation of the time domain beam/precoder cycling with the precoder [1, 0]T and [0, 1]T switching in turn. Better performance can be obtained if choosing the antenna with the higher channel gain at each time. However, such adaptation needs signalling overhead and removes the specification transparent property. Moreover, in high speed scenarios such feedback information may not be acquired accurately.
Diversity-based transmission for CP-OFDM
According to the agreement of the last RAN1 meeting, specification transparent schemes have been selected. The candidate schemes are PRG-level precoder cycling, SD-CDD, and antenna port switching or panel selection. If the PRG-level precoder cycling is to be supported, the following mechanism needs to be considered for its CSI acquisition. Beamformed SRS is a good option to support uplink measurement of precoded channels, which has been supported by NR. If beamformed SRS cycles precoders at PRG-level, TRP can accurately measure uplink CSI for PRG-level precoder cycling scheme, as shown in Fig. . Since TRP would bundle precoded channels for accurate channel measurement of SRS, it implies TRP should indicate to UE the cycling PRG size and cycling precoders for precoder cycling based SRS transmission. Otherwise, TRP will estimate precoded channels incorrectly and therefore obtain inaccurate SINR.


Figure 3 Precoder cycling based SRS (e.g., 2 cycling precoders and cycling PRG size = x RBs)
Proposal 2: For CP-OFDM, NR supports Tx beamformer determination for SRS with network indicated restriction, e.g., precoder cycling patterns and PRG sizes.
Conclusion
In this contribution, we discussed the diversity based transmission for UL. Based on the discussion and evaluation, the following observations are made:
Observation 1: The performance of the SS-STBC can be impaired in high-speed scenarios.
And we proposed that:
Proposal 1: For DFT-s-OFDM waveform based PUSCH, NR should support SC-SFBC using the same beamforming precoder on PUSCH and corresponding DMRS ports.
[bookmark: _GoBack]Proposal 2: For CP-OFDM, NR supports Tx beamformer determination for SRS with network indicated restriction, e.g., precoder cycling patterns and PRG sizes.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]References
[bookmark: _Ref167612671]3GPP RAN1#90, Chairman’s note, Prague, Czech Republic, 21 – 25 Aug. 2017.
Mitsubishi Electric, “UL diversity transmission for DFT-s-OFDM”, R1-1712269. Prague, Czech Republic, August 21-25, 2017.
Qualcomm, “On UL diversity transmission scheme”, R1-1713389. Prague, Czech Republic, August 21-25, 2017.
3GPP RAN1#88, Chairman’s note, Athens, Greece, February 13-17, 2017.

oleObject2.bin

image3.wmf
2

3.7

c

s

fv

DkHz

c

==


oleObject3.bin

image4.wmf
1

67.6

4

c

s

Ts

D

m

==


oleObject4.bin

image5.emf
P1

RS Symbol

P1 P2

Data Symbol

P2 P1 P1 …... P1 P2 P2 …... P2


P1
RS Symbol
P1
P2
Data Symbol
P2
P1
P1
…...
P1
P2
P2
…...
P2



image6.emf
P2

RS Symbol

 Port 1

P1 P2 P1 P2 P1 P2

P1

RS Symbol 

Port 2

Data Symbol

P1 P2 P3 P4 P5 P6

(a) (b)


P2
RS Symbol
 Port 1
P1
P2
P1
P2
P1
P2
P1
RS Symbol 
Port 2
Data Symbol

P1
P2
P3
P4
P5
P6

(a)
(b)



image7.png
e ~izrplk/gl/IN/gl/c




image8.wmf
2///

jpckgNg

e

p

-

éùéù

êúêú


oleObject7.bin

image9.emf
PRG1 (x RBs)

PRG2 (x RBs)

PRG3(x RBs)

PRG4(x RBs)

CSI 

Measurement 

band

Cycling PRG 

size of x>=1 RB

2 cycling precoders 


oleObject8.bin
PRG1 (x RBs)


PRG2 (x RBs)


PRG3 (x RBs)


PRG4 (x RBs)


CSI Measurement band


Cycling PRG size of x>=1 RB


2 cycling precoders 



image1.wmf
21*

(1)mod

(1)

Txk

kpkM

ss

+

--

=-


oleObject1.bin

image2.wmf
0,1,...1

kM

=-


