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1 Introduction
RAN1 LS[1] was sent to RAN4 on PN model for 52.6~71GHz, it is questioned on the applicability of PN model captured in TR 38.803.
This paper provides the analysis on PN model for 52.6~71GHz. 
2 Discussion
2.1 PN model
In TR 38.803, Two PN models are provided. Model 1 with multiple zero-pole and different orders are provided for both UE and gNB as below, we copy 70GHz parameter here:
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Table 6.1.10.1-3: Parameters for 70 GHz PLL phase noise model valid from 100 Hz and upwards

PSD0
8894 (39.49dB)

n,m

fz,n
αz,n
fp,m

αp,m
1

3e3

2.37

1

3.3

2

396e3

2.7

1.55e6

3.3

3

754e6

2.53

30e6

1
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Model 2 use fabrication methods with curve of 2 sections which is divided by loopBW for UE and gNB respectively. From UE implementation perspective, model 2 is a little pessimistic which may have impact on performance evaluation processed in RAN1, while model 1 is not adaptable for UE with a large loopBW.
Observation 1: Both Model 1 and 2 captured in TR 38.803 is not adaptable for UE PN model in 70GHz.
Theoretically, PN model is an additive curve which dominates by different part of PLL, [2] provides the fabrication model with clearly domination factor, it can be seen as in Fig 1. When frequency offset < LoopBW, the PN is dominated by ref noise and Loop components. When frequency offset > LoopBW, the PN model is dominated by VCO, and the PN model curve is further adjusted by divider noise, etc. However, we can find that the PN model is not purely a curve of 2 sections but a complicated and additive issue.
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Fig 1. PN model for PLL

For frequency offset ≤ LoopBW, phase noise of PLL is considered as CPE and relatively invariable, it can be tracked by PTRS and compensated much, thus ICI can be mitigated. It makes OS length for 70GHz may implicate some relation with loopBW and phase noise level. 
Observation 2: PTRS design in RAN1 may have some relation with PN model.
We did some measurements/simulation on 70GHz UE PLL, PN model can be easily generated by multi-pole/zero model with slight parameter revision. For lower frequency offset(1000Hz), phase noise is about -61dBc, while for large offset phase noise is constant at -140dBc. The LoopBW is lower than model1 of TR 38.803. The comparison can be seen as in Fig 2.
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Fig 2. 70GHz PLL PN and model 1 in TR 38.803
For the multi-zero/pole equation, the parameter can be provided as below for 70GHz with a slight revision on parameters:

Table 1. Parameters of multiple zero/pole model for 70GHz
	PSD0
	8894 (39.49dB)

	n,m
	fz,n
	αz,n
	fp,m
	αp,m

	1
	3e3
	2.37
	0.7
	3.2

	2
	120e3
	2.8
	330e3
	3.2

	3
	900e6
	2.4
	17e6
	1


Proposal 1: For 70GHz, take multiple zero/pole PN model, the parameters are assumed as in Table1.
2.2 PA model

In Rel-15, LS[2] was approved on NR PA model. For FR2, the agreement is: For the RAN1 evaluations and simulations above 6GHz, RAN4 has not really investigated how suitable the Rapp model is for modeling the challenges facing the PA design such as low efficiency, high frequency, and wide channel bandwidth, etc. Nevertheless, the Rapp model is considered a better model than the clipping model. The Polynomial model suggested for below 6 GHz can also be re-used for above 6GHz and would be better than Rapp. RAN4 is still looking into more accurate PA modelling like the impact of memory effect for higher frequencies and wider bandwidths as intended by NR.
In the following FR2 MPR evaluation, modified Rapp model is widely used for FR2. In [3], we provide one modified Rapp model for FR2 as in Fig1(AM-AM) and AM-PM from [4].
For AM-AM model, the curve depends on Psat, OP1dB and OP3dB which actually depends on other Tx requirement on 52.6-71GHz. 
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Fig 1.

We propose to continue the agreement in Rel-15, use Rapp model for 52.5-71GHz evaluation in RAN1, the parameter on OP1dB, OP3dB and Psat need to be further evaluated.

Proposal 2: For 52.6-71GHz, Rapp model for PA can be used for RAN1 evaluation, the specific parameter need to be further evaluated in RAN4.
Proposal 3: send LS to RAN1 to inform them on PN model and PA model agreements for 52.6-71GHz.

2.3 Reply LS to RAN1 on PN and RF impairments mode modelling
Title:
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1. Overall Description:

RAN4 discussed the phase noise provided in TR 38.803 with Ex-1 and Ex-2, and has reach agreement on PN model on 70GHz Using multiple zero-pole equation in Ex-1, and the parameters are slightly revised.
For multiple zero-pole equation：[image: image7.png]eyt + (e
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The parameter of multiple zero/pole model for 70GHz is:
Table 1. Parameters of multiple zero/pole model for 70GHz
	PSD0
	8894 (39.49dB)

	n,m
	fz,n
	αz,n
	fp,m
	αp,m

	1
	3e3
	2.37
	0.7
	3.2

	2
	120e3
	2.8
	330e3
	3.2

	3
	900e6
	2.4
	17e6
	1


RAN4 also discussed on PA model on 52.6-71GHz, and has reached agreement that the Rapp model can be used for RAN1 evaluation, the specific parameter relates to the PA parameters will be further discussed in RAN4. 
2. Actions:

To: 3GPP TSG RAN WG1.

ACTION: RAN4 kindly asks RAN1 to take the above information into account.

3. Date of Next TSG-RAN WG4 Meetings:

TSG RAN4 Meeting #97-e

12th – 16th Oct 2020

               Electronic meeting
TSG RAN4 Meeting #98

1th – 5th March 2021
                  Athens, Greece
3 Conclusion

In this contribution we discussed on the open issues on PN model for 52.6-71GHz, according to the analysis, we have the following proposals: 
Proposal 1: For 70GHz, take multiple zero/pole PN model, the parameters are assumed as in Table1.

Proposal 2: For 52.6-71GHz, Rapp model for PA can be used for RAN1 evaluation, the specific parameter need to be further evaluated in RAN4.
Proposal 3: send LS to RAN1 to inform them on PN model and PA model agreements for 52.6-71GHz.
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