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Introduction
Transparent Transmit Diversity (TxD) has been discussed in RAN4 for a long time in UE RF and considered as a measure to extend cell coverage. RF session aims to introduce necessary RF requirements to enable transparent transmit diversity with 2 Tx antennas in Rel-16. But how transparent TxD performs comparing with single Tx antenna is not well studied. In this contribution, we provide preliminary simulation results by considering CDD and TAE impact.
[bookmark: _GoBack]Discussion 
The TAE up to 130ns is specified for UL-MIMO in 38.101-1. CDD scheme and value are not specified in RAN4 spec yet since part of the reason is that transparent TxD is up to UE implementation. There is no mandate CDD values so far. In our simulations, we consider the impact of both TAE and CDD on performance. In performance comparison with single antenna which provides a benchmark of the performance, the single antenna is with 3dB less power comparing with sum power of two antennas. This is because we don’t assume there is a single antenna with full power. On the other hand, if the performance of transparent TxD is not even better than single antenna with 3dB less power, transparent TxD should not be used. For example, we compared 23dBm + 23dBm transparent transmit diversity with 23dBm single antenna.
 Simulation assumption
The simulation assumption is based on the following table. We focus on FR1 CP-OFDM with 30KHz SCS waveform, full RB allocation within 5/50/100MHz channel bandwidth. TDLA fading channel is used with different levels of antenna correlation, 2 receive antenna is used. 

Table 1 Simulation assumptions
	Parameter
	Value

	FR scenario
	FR1 

	Waveform
	CP-OFDM 

	SCS
	FR1: 30 kHz

	CBW
	FR1: 5/50/100 MHz

	FRC
	Rank 1, MCS 16 (Table 1)

	CDD
	[0 2 4 8 16]*Ts for CBW = 5/50/100MHz, where Ts = 1/30.72MHz = 32.6ns


	TAE
	0ns, 65ns and 130ns

	Transmission scheme
	Option 1: TPMI 0 (i.e. [1; 0]/sqrt(2)) [emulation of 1Tx with 23dBm]
Option 2: TPMI 2 (i.e. [1; 1]/sqrt(2)) + CDD [emulation of 2Tx with 23dBm each]

	DMRS configuration
	Type 1, Single Symbol, One additional DMRS, No PUSCH mapping in DMRS symbol

	Antenna configuration
	2x2; Low, Medium and High correlation

	Channel model
	TDLA30-10




Summary of simulation results
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	Table 2 Throughput curves with different TAE and CDD under different levels of Antenna correlation for CBW = 5MHz



TAE generates symbol timing misalignments between two Tx antennas. Since TAE is capped to 130ns, this amount of symbol timing misalignment generates negligible performance degradation except delay effect.  It can be found that the same level of TAE with CDD=0 generates the same performance as the same of level of CDD with TAE=0. 

Observation 1: TAE has similar performance impact as CDD. Transparent TxD is sensitive to combined delay from TAE+CDD. Excessive TAE+CDD degrades performance  of transparent TxD.

Observation 2: Performance of transparent TxD breaks even with 1Tx benchmark with less TAE+CDD when antenna correlation goes high.

The simulation results for CBW = 50MHz and CBW=100MHz are provided in the Appendix.

The required TAE+CDD for performance to break even with single Tx antenna  is summarised in the following table.

Table 3 total TAE+CDD for performance break even
	
	TAE + CDD (ns) for break even

	Antenna correlation
	high
	Medium
	low

	CBW=5MHz with full RBs
	260
	326~390
	390

	CBW=50MHz with full RBs
	260
	326~390
	390

	CBW=100MHz with full RBs
	260
	326~390
	390



The simulations show that the breakeven point of TAE + CDD is not sensitive to the channel BW if full PRB are allocated. We also predict that for large channel BW greater than 5MHz, reducing number of PRBs to fit any 5MHz contiguous allocation within the channel bandwidth does not degrade the performance. 

For smaller PRB allocation, at this moment, we don’t have simulation results. But it is likely to suffer the deep fading if it happens to be allocated around the nulls created by TAE+CDD delay, especially in LOS condition as analysed in [1].

Proposal 1: RAN4 should specify the minimum allocation bandwidth of contiguous PRB for transparent TxD. 5MHz minimum allocation bandwidth of contiguous PRB can be considered as a starting point.

Once minimum allocation bandwidth of contiguous PRB is determined, the upper bound of TAE + CDD can be also determined to guarantee transparent TxD has better performance than 1 Tx antenna.

Proposal 2: RAN4 should specify the upper bound of sum of TAE + CDD () for transparent TxD.
  
Although value of TAE + CDD must be smaller than certain value, but it cannot be arbitrarily small. This is due to the fact the signals from two Tx antennas could be cancelled with each other at a given receive antenna if they have opposite relative phase at carrier frequency.  Therefore, CDD scheme is used to prevent signal cancellation from happening. For transparent TxD, non-zero TAE is beneficial for this purpose.  In our simulation, this aspect was not reflected because the relative phase between signals is assumed to be zero at any given receive antenna at perfect LOS condition. 

Proposal 3: RAN4 should specify the lower bound of sum of TAE + CDD () for transparent TxD.

For example, if TAE is known within [-TAEmax, TAEmax], but exact value is unknown, then apply CDD ≥ TAEmax +  on either one of Tx antenna. If a UE knows the sign of TAE (one Tx antenna advances the other) but exact value within [0, TAEmax] is not known, then apply CDD ≥  on the lagged antenna. In later case, if exact value is known, then apply CDD ≥ max(0,  – TAE) on the lagged antenna. 

In general, receiver with multiple receive antennas can improve system performance. In our simulations, 2 receive antennas are assumed at base station.  Multiple receive antenna can effectively improve the outage capacity comparing with single receive antenna. In determining the minimum allocation bandwidth of contiguous PRB,  and , the minimum number of receive antenna must be determined first.

Proposal 4: The minimum number of receive antenna should be determined before performance evaluation.

Conclusion
In this contribution, we provide preliminary simulation results of transparent TxD and try to get some insights of impact of TAE and CDD on performance compared with single Tx antenna. Based on our simulations, transparent TxD does not always outperform single Tx antenna transmission. This contribution serves as an initiative to study the requirements on transparent TxD. We have following observations and proposals:

Observation 1: TAE has similar performance impact as CDD. Transparent TxD is sensitive to combined delay from TAE+CDD. Excessive TAE+CDD degrades performance  of transparent TxD.

Observation 2: Performance of transparent TxD breaks even with 1Tx benchmark with less TAE+CDD when antenna correlation goes high.

Proposal 1: RAN4 should specify the minimum allocation bandwidth of contiguous PRB for transparent TxD. 5MHz minimum allocation bandwidth of contiguous PRB can be considered as a starting point.

Proposal 2: RAN4 should specify the upper bound of sum of TAE + CDD () for transparent TxD.

Proposal 3: RAN4 should specify the lower bound of sum of TAE + CDD () for transparent TxD.

Proposal 4: The minimum number of receive antenna should be determined before performance evaluation.
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	Table 4 Throughput curves with different TAE and CDD under different levels of Antenna correlation for CBW = 50MHz
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	Table 5 Throughput curves with different TAE and CDD under different levels of Antenna correlation for CBW = 100MHz
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CBW 5 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA Low

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 50 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA High

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 50 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA Medium

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 50 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA Low

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 100 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA High

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 100 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA Medium

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 100 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA Low

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 5 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA High

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts
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CBW 5 MHz, SCS 30 kHz, Rank 1, MCS16, TDLA, 2 Rx, ULA Medium

1 Tx

2 Tx, TAE 0 ns, CDD 2Ts

2 Tx, TAE 0 ns, CDD 4Ts

2 Tx, TAE 0 ns, CDD 8Ts

2 Tx, TAE 0 ns, CDD 16Ts

2 Tx, TAE 65 ns, no CDD

2 Tx, TAE 65 ns, CDD 2Ts

2 Tx, TAE 65 ns, CDD 4Ts

2 Tx, TAE 65 ns, CDD 8Ts

2 Tx, TAE 65 ns, CDD 16Ts

2 Tx, TAE 130 ns, no CDD

2 Tx, TAE 130 ns, CDD 2Ts

2 Tx, TAE 130 ns, CDD 4Ts

2 Tx, TAE 130 ns, CDD 8Ts

2 Tx, TAE 130 ns, CDD 16Ts


