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Introduction
In RAN1 #87 Meeting [1], several agreements were reached including the following that discusses applicability of reciprocity-based precoding/beamforming for UL; 
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied
· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB
· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2
· W1 and W2 can be signaled in one DCI or two separate DCIs
· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth
· Example 2a: Precoder cycling  is adopted within the beam group 
· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
· Example 3: Reciprocity based precoding
· Other examples are not precluded
· FFS: X value

Another use case of reciprocity-based UL precoding is the case of transmit diversity (TX-D) mode where by its open loop nature, it does not benefit from any form of spatial feedback. Potential use of partial reciprocity for UL transmission has been discussed in an earlier contribution [2]. In this contribution, we present our views and our preliminary investigations on the reciprocity-based beamforming for UL transmit diversity. 

UL Beamformed Transmit Diversity 
Transmit diversity is an open loop transmission mode where the only feedback available to the UE is to assist the adaptive modulation coding aspect of the transmission. In this mode, given UE mobility state or low SNR condition, spatial feedback would be either outdated or very inaccurate. In LTE, transmit diversity is implemented by a fixed precoding that is defined based on the SFBC transmit diversity scheme. Table 1 shows the Antenna/RE mapping of  and  symbols in a  TX SFBC-based transmit diversity transmission [3]. Therefore, regardless of the relative spatial position of the UE with respect to the base station, the transmit power is applied uniformly across the antennas. 

Table 1 –  TX SFBC Antenna/RE Symbol Mapping
	Antenna
RE
	1
	2  

	
	
	

	
	
	




The performance of the uplink transmit diversity may be improved by creating a properly directed beam pattern  for transmission of the TX-D coded blocks. The overall transmitter operation can be stated as follows:

where  and  are  the directional beam manifold and the SFBC TX-D precoder, respectively. Hence, after applying the fixed SFBC precoder , the directional beam weigth  is applied to direct the transmission to a better spatial direction. Figure 1 captures the basic concept of the beamformed transmit diversity implementation. As demonstrated, rather than transmission of the TX-D coded blocks in almost all directions, we could correct the radiation pattern by applying a rotation.



Figure 1 – Operation of the beamformed transmit diversity scheme

The beamformer  can be determined based on the estimated uplink channel . Assuming channel reciprocity, the uplink channel estimate can be derived from the downlink channel estimate . In a TDD system, the channel reciprocity may be based on a direct or a statistical estimation of the channel. However in a FDD system, it could be only based on a statistical estimation of the channel.
Having , the beamformer  can be determined as a unitary vector that attempts to maximize the transmission of the energy towards the base station.
	
Preliminary Evaluation
A  transmit diversity system is considered. We assumed LTE Turbo Code and packet size of 200 bits. Figure 2 compares the raw BER, coded BER and BLER performance results of a basic SFBC against a beamformed SFBC transmission schemes. It is assumed that the UL channel is estimated by relying on the channel reciprocity. Then, the  is determined as the precoder/beamformer matrix that simply maximizes the transmitted energy towards the base station. As demonstrated in Figure 2, the beamformed SFBC transmit diversity scheme outperforms the basic SFBC transmission by more than 1 dB. Moreover, an examination of the presented results indicate that the diversity degree of the beamformed SFBC is maintained as the original SFBC transmission.
Observation 1 – Beamformed SFBC transmit diversity scheme can provide a superior performance compared to the basic SFBC scheme.
Observation 2 – The diversity degree of the transmission of the beamformed SFBC is the same as the basic SFBC transmission. 
Proposal 1 – RAN1 considers further study on the beamformed transmit diversity scheme.
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Figure 2 – BER and BLER evaluation of the beamformed TX-D 

Summary
This contribution presented and discussed the concept of beamformed transmit diversity transmission. The preliminary investigation indicate a notable performance improvement over the basic transmit diversity scheme.
Observation 1 – Beamformed SFBC transmit diversity scheme can provide a superior performance compared to the basic SFBC scheme.
Observation 2 – The diversity degree of the transmission of the beamformed SFBC is the same as the basic SFBC transmission. 
Proposal 1 – RAN1 considers further study on the beamformed transmit diversity scheme.
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