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Introduction
UE TxD to further increase output power under the single port assumption was well discussed in the previous release and it was finally specified in Rel-17. In this contribution, we would like to share some further analysis especially from the field testing perspective for this UE TxD feature. 
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2.1. Principle Analysis
First of all, TxD/CDD is introduced to avoid random phase superposition between channels in order to avoid causing reverse direction. However, there are some problems existing in PUCCH as far as we could see:
For example PUCCH format0&format1&format4, in single RB, the phase rotation caused by 1/3 CP cyclic timing shift is 144/3/2048*12≈0.28= 100 degrees. In addition, in most cases, single-RB scheduling is used on PUCCHs, and 1/3 CP CDD is introduced to avoid reverse superposition. Theoretically, if we consider any phase difference between two antenna ports to verify the power gain of TxD, then the following figure shows the CDD gain of the two antennas compared with a single antenna. It indicates that the CDD brings a negative gain with 1/3 probability.
[image: 两天线不同角度下相比单天线的理论PS增益]
Figure 2.1.1. Power gain vs phase difference for TxD/CDD
The CDD causes a larger variance of the receive power. The result is that the performance is not obviously improved or even the negative gain after the DTX decision with larger received power variance due to the CDD. 
In PUCCH format0 with cyclic shift &format1 with time domain OCC&format4 with freq domain OCC , the signals non-orthogonality of CDD users due to the different cyclic timing shift implementation may cause the noise floor to rise and affect the decoding and decision performance of other code division users. 
2.2. Simulation Result
2.2.1.The impacts on receiver power of CDD/TxD
The following figure shows the CDF of measured PUCCH signal with single antenna and different CDDs under the same transmission power assumption.
 The blue line indicates a single antenna user, and the purple line indicates a CDD (1/3 CP) user. The horizontal axis indicates the power measurement value scaled at the receiver. The larger the value indicates the higher receiving power. The vertical axis indicates the CDF distribution of the received power after the channel. 
Comparing the blue line with the purple line, it could be found that CDD can increase the expected receive power, but also cause a larger received power variance. Some sample points of CDD users’ received power are even smaller than the minimum value measured by a single antenna which will deteriorate the 1% BLER(A/N 2 DTX, Miss detection) or even 0.1 % BLER working point of the PUCCH. 
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Figure 2.2.1. Power gain vs phase difference for TxD/CDD
2.2.2. Link level simulation results for CDD performance
Comparing CDD (1/3CP) with a single antenna:
- CDD is better than 1T with 10% BLER as the working point. 
- When 1% BLER is used as the working point: The CDD is worse than the 1T.
In commercial environments, the 1% or less BLER/Miss detection points is more concerned when DTX decision is enabled. In this scenario, after CDD is enabled, the gain is negative (marked in red in the table). 
	PUCCH format1 & format3

	Work Point
BLER
	 DTX
detection
	
Tansmission mode
	CDD(1/3 CP) Gain

	
	
	
	Format1
	Format3 (20 bit)

	1%
	N
	1
	baseline
	/

	
	
	CDD
	0.6dB
	/

	
	Y
	1
	baseline
	baseline

	
	
	CDD
	-2.5dB
	-0.5dB

	10%
	N
	1
	baseline
	/

	
	
	CDD
	1.7dB
	/

	
	Y
	1
	baseline
	baseline

	
	
	CDD
	1dB
	1dB


Note: The simulation result is under: AWGN channel, initial phase between 2 Tx changing randomly, and only one user. If there are multiple users with OCC or CS between different users, the performance will be further deteriorated. 
2.2.3. Inter-user Interference caused by CDD UE non-orthogonality
We collected the NIs (Noise and Interference) of CDDs (1/3 CP) with different received power and different numbers of code division users on the PUCCH Format&1. It could be found that:
· The larger the received signal power is, the more seriously the NI is increased due to the power leakage/non-orthogonality of CDD users. 
· The larger the number of CDD users is, the more seriously the NI is increased due to the power leakage of CDD users. 
In conclusion, CDD may cause the NI of code division RBs to deteriorate, and affect the decoding and decision performance of all users in the code division system. 
[image: 全1信道下不同码分用户数和不同SNR的CDD场景PNI测量值]
Figure 2.2.2. SNR vs Power noise and interference signal
2.3.Field Data Analysis
With some filed measurement of PUCCH Format 2 CDD users in the FR2 environment for further analysis, it is found that some high-power users have the large-frequency selection problem to different degrees. Among the frequency-selection users, the decoding results of 40% users do not pass the DTX threshold of the current gNB implementations. The 40% should be CDD users from our understanding.
	Frequency selective fading
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	Y
	60%

	N
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The following figure shows the frequency-domain spectrum of field data. Different colors indicate different receiving antennas at BS side, and the raising part within the carrier spectrum indicates the location of PUCCH. The rejection in the middle of the PUCCH resource proves that CDD can cause serious frequency selection problems. 
[image: ]
Figure 2.3.1. the frequency-domain spectrum of field data in FR2
The following figure shows the time domain channel impulse response. It can also be seen that CDD brings about the large-delay multi-path problem. 
[image: ]
Figure 2.3.2. the frequency-domain spectrum of field data in FR2
Conclusions
In this contribution, we shared some further analysis for the applicability of TxD on NR PUCCH and proposals are made as following:
Proposal 1: For NR PUCCH channels, propose not to consider the applicability of TxD for it.
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