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Background
As per [1], RAN 4 has agreed to define PUSCH performance requirements for UE operating on FR2-2 band. There are some open issues left. In this paper, we will provide our initial simulation results and give analysis for these open issues.
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Issue 2-1-1: SCS for UL requirements definition
We agreed to define UL requirements for 120, 480 kHz SCS but FFS for 960kHz SCS. Based on our understanding, 960kHz need more capability and may be impractical in real world. Therefore, we propose to only consider 120kHz and 480kHz SCS.

Proposal 1: Only define UL requirements for 120 kHz and 480kHz SCS


CBW for UL requirements definition 
CBW for UL requirements definition depends on max achievable SNR derived by link budget analysis and RAN4 agreed to study it in this meeting. Based on our understanding, it should belong to RF’s work and shouldn’t be discussed in demod part. But we can use the method of Rel-15 FR2-1 demodulation part as an initial analysis to exclude some bandwidth when the target SNR is obviously unachievable.

As per [1], we have following assumptions 

· EIS_reference is 0dB higher than noise level (due to the SNR for the FRC being around 0dB).
· The AWGN power level for PUSCH is around 15dB higher than noise floor which is the same as EIS_reference level assuming SINR of around 0dB.
· The highest considered mean SINR threshold for uplink demodulation is around 25dB (for PUSCH MCS 16/17). Considering 10dB increment for fading channel variation, then we assume that the wanted signal should at least 50dB above EIS_reference for NR signal if all MCS are to be covered
· Take EIS_ RefSens_50M = -100dBm as a typical value. The wanted signal level at Wide area BS RIB is  (dBm) = EIS_RefSens_50MHz + 3+50= -47dBm for 100MHz bandwidth  (dBm) = EIS_RefSens_50MHz + 50= -41dBm for 400MHz bandwidth and  (dBm) = EIS_RefSens_50MHz + 15+50= -35dBm for 1600MHz bandwidth.
· Signal generator output is -10dBm

· IAC: 

Table 2.1 includes characters of instruments which we use in measurements for FR2-1 band derived from [1]. The total path loss between signal generator and coupler is also calculated. For 71GHz, some parameters can’t be achieved, we assume the total loss is same as 38GHz.
Table 2.1 characters of common instruments 
	Frequency (GHz)
	3
	5
	27
	38
	Note

	 (dB)
	3
	3
	3
	3
	Coupler loss

	
	43
	43
	43
	37
	Gain of power amplifier

	
	2
	2
	2
	2
	2dB attenuator loss

	
	29
	29
	28
	25
	Gain of pre-amplifier

	 (dB)
	1
	1
	1.5
	2.5
	1m cable loss

	
	2
	2
	2
	2
	Variable attenuator loss

	 (dB)
	4
	4
	4
	4
	Combiner loss

	 (dB)
	3
	3
	7
	10
	5m cable loss

	
	-60
	-60
	-54.5
	-41.5
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Figure 2.1 Setup for OTA demodulation 
The results are captured in Table 2-2. Two metrics are used: < and . 
Table 2-2: OTA demodulation test link budget with IAC (wide range BS)

	Carrier Frequency (GHz)
	71
	Note

	Bandwidth 
	100MHz
	400MHz
	1600MHz
	

	Dimension (m)
	0.15
	0.25
	0.15
	0.25
	0.15
	0.25
	5 times of wave length and 10 times of wave length

	
	11
	15.8
	11
	15.8
	11
	15.8
	Far field distance

	
	90.3
	93.4
	90.3
	93.4
	90.3
	93.4
	Free space loss

	

	23.3
	26.5
	29.3
	32.5
	35.3
	38.5
	
.



	

	-18.2
	-15
	-12.2
	-9
	-6.2
	-3
	Estimated wanted signal level at SG




· CATR
The results are captured in Table 2-2. Two metrics are used: < and . 
We assume chamber area is  . The coupling loss between test antenna and DUT is derived by power density 

We can estimate  and in following table.
	Carrier frequency (GHz)
	71GHz
	Note

	
	100
	400
	1600
	

	 (dB)
	71.5
	71.5
	71.5
	coupling loss

	

	27.5
	33.5
	39.5
	



	

	-14
	-8
	-2
	



We can observe that all PA out of bandwidth are larger than  even PA_out_max of 40GHz is used. For 1600MHz, the expected  is far larger than . Therefore, we propose to not define requirements for 1600MHz bandwidth.
We think more information about parameter on the test instrument are needed for 71GHz band if more accurate maximum achievable SNR calculation is performed.
Proposal 2: Not define requirements for 1600MHz bandwidth. Only consider 100MHz and 400MHz
Proposal 3: For 100MHz and 400MHz, more information about parameter on the test instrument are needed for 71GHz band if more accurate maximum achievable SNR calculation is performed.

MCS:
We provide our simulation for MCS 16 and MCS20 in Table 2-2: 
Table 2-2: Simulation results for MCS16 and MCS20
	SCS/Bandwidth
	MCS
	Channel
	Wo PN 
	PN Set2,
CPE Comp
	PN Set2,
CPE and ICI
 Comp

	120/100
	16
	TDL-A, 10ns
	8.1
	8.2
	10.2

	
	20
	TDL-A, 10ns
	10.9
	12.2
	13.9

	120/400
	16
	TDL-A, 10ns
	8.3
	8.5
	9.7

	
	20
	TDL-A, 10ns
	11.3
	12.6
	13.8

	480/400
	16
	TDL-A, 10ns
	8.4
	9.6
	10.2

	
	20
	TDL-A, 10ns
	11.2
	13.6
	13.6



For MCS20, the performance loss of phase noise is larger than 1dB.
Observation 1: For MCS20, the performance loss of phase noise is larger than 1dB
Scope of PUSCH performance requirements
We have following options:
	Define the following PUSCH performance requirements:
· Performance requirements with transform precoding disabled with 70% throughput
· FFS performance requirements with transform precoding enabled
· FFS performance requirements for PUSCH repetition type A



Based on our understanding, considering this is first release for FR2-2, it’s better to focus on basic requirements. I.e. CP-OFDM PUSCH requirements.
Proposal 4: Not define the requirements with transform precoding enabled and not define requirements for PUSCH repetition type A

Conclusion
In this paper, we provide our views on PUSCH performance requirements definition. The proposals are:
Proposal 1: Only define UL requirements for 120 kHz and 480kHz SCS
Proposal 2: Not define requirements for 1600MHz bandwidth. Only consider 100MHz and 400MHz
Proposal 3: For 100MHz and 400MHz, more information about parameter on the test instrument are needed for 71GHz band if more accurate maximum achievable SNR calculation is performed.
Observation 1: For MCS20, the performance loss of phase noise is larger than 1dB
Proposal 4: Not define the requirements with transform precoding enabled and not define requirements for PUSCH repetition type A
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