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Introduction
Tx diversity explores benefit of multiple antennas at transmitter with one stream of modulated data sent over multiple Tx antennas with certain precoding applied at transmitter. It is well known that the best precoding schemes are 1) precoding based on CSI feedback and 2) rate-one space-time precoding which does not need CSI feedback, e.g. Alamouti code. These coding schemes for Tx diversity are not Tx transparent since either Tx has to get the CSI feedback from Rx or Rx has to know Tx’s space-time coding rule. In this contribution, we discuss the sub-optimal solution currently under RAN4 discussion: transparent Tx diversity which uses cyclic delay at transmitter in a transparent way relative to receiver, it is also called CDD (Cyclic Delay Diversity). We focus on the impact of effective delay (TAE + cyclic delay) to the performance of transparent Tx diversity of CDD scheme. In the following discussion we use term ‘TxDiv’ to represent transparent transmit diversity for simplicity.  
Discussion
The CDD based on TxDiv (from UE perspective) is configured with rank one (one layer) transmission over two antenna ports (RAN4 agreed to consider two Tx ports [1]) to achieve higher Tx transmission power. For example, in eMIMO mode 1 full Tx power transmission with 23dBm + 23dBm Pas = 26dBm. CDD is used by UE to create multi path artificially to increase the frequency selective diversity gain in a highly correlated channel model.

The CDD scheme can be illustrated in the following figure.

   

Figure 1 Cyclic delay diversity scheme (two Tx antenna case)

Time domain OFDM symbol (with CP inserted) stream is fed into two ports, with second port (bottom) has cyclic delay in T. Normally T is a small value, a few samples in Nyquist sampling rate. 

In our previous submitted paper [2], we analysed the impact of cyclic shift on the performance of TxDiv on V2X channels. In Figure 2, the channel BW is 10MHz with 48PRB at center of channel and SCS=15KHz, Ts = 1/30.72MHz (32.6ns). The results were provided for EVA-180Hz and EVA-1000Hz channels for the case of QPSK modulations. It can be observed that for the high antenna correlation scenarios the use of CDD leads to the performance loss comparing to the single Tx antenna scenario. Further increase of the cyclic delay leads to the even more performance loss vs the case of the single Tx antenna scenario.

Observation 1: Under V2X channel models with high correlation, CDD scheme based TxDiv has worse performance than single TX scheme.

Observation 2: Further increase of cyclic delay leads to more performance loss vs the case of the single Tx antenna scenario.


	EVA-180 Hz, High antenna correlation
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	EVA-1000 Hz, High antenna correlation
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	[bookmark: _Ref513967437]Figure 2. SD-CDD performance analysis



In the simulation, the CDD delay [8, 16, 32, 64, 96]Ts correspond to [2.6, 5.2, 10.4, 20.8, 31.2] samples in 10MHz channel with Nyquist sampling rate = 10MHz. We are more interested in sample delays at Nyquist sampling rate given a channel BW since absolute delay have difference impact on difference channel BW. 


In NR, up to 100MHz channel BW is specified in FR1. High correlation channel cannot be avoided, for example, LOS channel.  For UL-MIMO, TAE is specified up to 130ns for UE.  If TxDiv bases on UL-MIMO architecture (this is most likely the case), for 100MHz channel BW the base band Nyquist sampling is 100MHz, 10ns a sample. 130ns TAE is equivalent to 13 sample shifts. Even without any additional cyclic delay, this large amount shift could potentially generate unacceptable performance in TxDiv. The following figure illustrates in a free space propagation (LoS) channel (complete correlated channel between h1 and h2), the channel response observed at a receive antenna with assumption that two Tx chains are calibrated with no gain and phase mismatches. It can be seen the TAE creates frequency selective channel.  
 [image: ]
Figure 3 Channel response in LoS channel with difference TAE values
Observation 3: In NR, 130ns TAE generates 13 nulls in 100MHz channel BW in a LoS channel.

Since in NR, the overall benefit of TxDiv has not been fully justified, we suggest further evaluation of TxDiv is needed against 1 Tx antenna scheme to see the performance benefit with the following considerations: 1) under various typical channel models with low and high antenna correlations, 2) If 130ns TAE needs to be modified. 2) what is the cyclic delay range on top of TAE? 3) all NR CBWs need to be considered.

Proposal 1: CDD based TxDiv should be evaluated against 1 Tx antenna scheme in the following aspects:
1) under various typical channel models with low and high antenna correlations.
2) If 130ns TAE needs to be modified?
3) what is the cyclic delay range on top of TAE?
4) all NR CBWs need to be considered.

Conclusion
In this contribution, we discuss the potential performance issues related CDD based transparent Tx diversity. 
We have following observations and proposals.

Observation 1: Under V2X channel models with high correlation, CDD scheme based TxDiv has worse performance than single TX scheme.

Observation 2: Further increase of cyclic delay leads to more performance loss vs the case of the single Tx antenna scenario.

Observation 3: In NR, 130ns TAE generates 13 nulls in 100MHz channel BW in a LoS channel.

Proposal 1: CDD based TxDiv should be evaluated against 1 Tx antenna scheme in the following aspects:
1) under various typical channel models with low and high antenna correlations.
2) If 130ns TAE needs to be modified?
3) what is the cyclic delay range on top of TAE?
4) all NR CBWs need to be considered.
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