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1 Introduction
Coherent UL MIMO UE RF requirements have been discussed in past few RAN4 meetings [1-2]. The intention was to conclude a set of RF parameter limits based on performance simulations in order to differentiate UEs with and without UL MIMO coherence capability. In last RAN4 meeting, a set of UE RF requirements for coherent UL MIMO have tentatively been captured in a way forward as a starting point [3]. To facilitate the closure of the requirements, we provide a separate set of simulation results in this contribution for further consideration.       
2 Discussion
Table 2-1 presents our simulation setup.

	Cell number
	· Single

	Antenna Configuration
	· 2x2
· 4x4

	Carrier spacing
	· 15 kHz

	Bandwidth
	· 10 MHz

	Waveform
	· CP-OFDM

	Channel Model
	· CDL-A

· Speed: 30 km/hr

· DS desire: 300 ns

	CSI Feedback
	· Rel-15 UL codebook

· WB CSI

· Feedback delay: 5 ms

	Channel Coding
	· LTE Turbo coding

	Link Adaptation
	· Rank adaptation: ON

· MCS adaptation: ON

· OLLA: ON

	Relative Phase Error
	· 0, 20, 40, 50, 60, 80 degrees

	Relative Power Error
	· 0, 2 , 3, 4, 6 dB



Table 2-1 Simulation setup for coherent UL MIMO analysis
The performance impact from relative phase error and relative power errors have been simulated jointly. When a UE reports its capability of coherent UL MIMO, the network can request the UE to transmit with a precoder from non-coherent, partially coherent, and coherent sub-codebooks for 4Tx, and non-coherent and coherent sub-codebooks for 2Tx. Hence in the conducted evaluations, non-coherent precoders are included in 2Tx evaluations, and non-coherent and partially coherent precoders are included in 4Tx evaluations.  
Figure 2-1 presents the simulation result for a 4x4 antenna configuration with all precoders being activated under various relative phase errors. 
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Figure 2-1 4x4 MIMO throughput performance versus relative phase error with all precoders
From the data sets similar to Figure 2-1 with performance impact from both relative phase and power errors, we have evaluated the peak throughput loss as well as SNR loss among all SNR levels. The results are shown in Figure 2-2 to Figure 2-5 and tabulated in Table 2-2 to Table 2-5 respectively.  
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Figure 2-2 Throughput loss versus relative phase and power errors for 2x2 configuration
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Figure 2-3 Throughput loss versus relative phase and power errors for 4x4 configuration
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Figure 2-4 SNR loss versus relative phase and power errors for 2x2 configuration
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Figure 2-5 SNR loss versus relative phase and power errors for 4x4 configuration
	Throughput Loss (%)
	Power Error (dB) 

	Phase Error (degree)
	0
	2
	3
	4
	6

	0
	0
	8.6
	15.32
	22.37
	36.33

	20
	0.98
	9.65
	15.84
	22.9
	36.74

	40
	4.28
	11.26
	17.75
	24.69
	37.89

	50
	6.03
	12.93
	19.06
	26.13
	38.56

	60
	8.93
	15.01
	20.88
	27.47
	40.02

	80
	14.38
	19.76
	24.8
	31.2
	42.52


Table 2-2 Throughput loss versus relative phase and power errors for 2x2 configuration
	Throughput Loss (%)
	Power Error (dB) 

	Phase Error (degree)
	0
	2
	3
	4
	6

	0
	0
	5.29
	8.76
	12.6
	18.5

	20
	2.81
	7.49
	11.04
	14.34
	19.68

	40
	10.65
	13.76
	16.49
	19.21
	23.97

	50
	15.9
	18.07
	20.11
	22.62
	26.58

	60
	21.13
	22.9
	24.51
	26.49
	30.5

	80
	33.18
	33.95
	35.2
	36.17
	38.07


Table 2-3 Throughput loss versus relative phase and power errors for 4x4 configuration

	SNR Loss (dB)
	Power Error (dB) 

	Phase Error (degree)
	0
	2
	3
	4
	6

	0
	0
	0.68
	1.21
	1.8
	3.02

	20
	0.04
	0.68
	1.2
	1.81
	3.02

	40
	0.18
	0.68
	1.23
	1.81
	3.02

	50
	0.31
	0.71
	1.21
	1.79
	3.02

	60
	0.44
	0.8
	1.21
	1.8
	3.04

	80
	0.73
	1.07
	1.37
	1.81
	3.04


Table 2-4 SNR loss versus relative phase and power errors for 2x2 configuration

	SNR Loss (dB)
	Power Error (dB) 

	Phase Error (degree)
	0
	2
	3
	4
	6

	0
	0
	0.45
	0.86
	1.31
	2.33

	20
	0.14
	0.51
	0.89
	1.33
	2.36

	40
	0.5
	0.71
	0.95
	1.37
	2.43

	50
	0.76
	0.89
	1.1
	1.42
	2.44

	60
	1.04
	1.15
	1.3
	1.54
	2.47

	80
	1.76
	1.83
	1.9
	2.02
	2.54


Table 2-5 SNR loss versus relative phase and power errors for 4x4 configuration
It is worth noting that the throughput loss can vary significantly at different SNR level which tends to peak up near the low SNR region. If we chose 10% throughput loss as the performance acceptance limit, the RF requirements could then be specified as in Table 2-6 based on our simulation results. On the other hand, if we chose 1dB SNR loss as the performance acceptance limit, the RF requirements could be specified as in Table 2-7.
	Relative Phase Error (degree)
	Relative Power Error (dB)

	20 to 40
	 2


Table 2-6 Coherent UL MIMO RF requirements based on 10% throughput loss
	Relative Phase Error (degree)
	Relative Power Error (dB)

	50 to 60
	 2


Table 2-7 Coherent UL MIMO RF requirements based on 1dB SNR loss

Since the relative phase and power error requirements would strongly depend on how we define the performance loss criterion, it is suggested that RAN4 to agree upon the simulation conditions as well as the performance loss acceptance limit before concluding the coherent UL MIMO UE RF requirements.

Proposal: RAN4 to agree upon the simulation conditions as well as the performance loss acceptance limit before concluding the coherent UL MIMO UE RF requirements.

3 Conclusion
In this contribution, we provide our simulation results for coherent UL MIMO UE RF requirements evaluation and propose that RAN4 to agree upon the simulation conditions as well as the performance loss acceptance limit before concluding the coherent UL MIMO UE RF requirements.
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