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Introduction
[bookmark: _Hlk61013489]In the last RAN4 meeting, PN models for 60 GHz were extensively discussed. However, there is no common agreement on PN model for 60 GHz. As a compromise, all of these PN models for 60 GHz are captured in the reply LS to RAN1 [3]:
· [bookmark: _Hlk61273232]RAN4 respectfully informs RAN1 of following combinations
· Set based on BS and UE PN model presented in [1].
· Set based on BS PN model based on TR 38.803 Ex-2 and UE PN model presented in [2].
· Set based on TR 38.803 Ex-2 PN model for both UE and BS.
· RAN WG4 concluded to continue to develop a representative PN model. 
In this meeting, RAN4 will continue to discuss how to develop a merged PN model based on the existing PN models. In this contribution, we provide a merged PN model based on the existing PN models. Meanwhile, different PN models of UE and BS are compared in terms of RF and baseband performance metric.
[bookmark: OLE_LINK5]Discussion
52.6-71GHz BS PN model
There are two different BS PN models from [1] and TR 38.803 Ex-2. To better research the PN model in BS side, the fixed Ex-2 PN model in UE side is used. EVM performance is simulated for these two BS PN models under the following channel bandwidth configurations: 
· For 400MHz, EVM are simulated at 60GHz for four different SCS, i.e., 120kHz, 240kHz, 480kHz, 960kHz. 
· For 2000MHz, EVM are simulated at 60GHz for two different SCS, i.e., 480kHz, 960kHz.
The EVM (without CPE compensation) for the two BS PN models with 400MHz and 2000MHz bandwidth are shown in Table 1 and Table 2, separately.
[bookmark: _Hlk61015923]Table 1. EVM for different BS PN models in [1] and TR 38.803 Ex-2 for 400MHz bandwidth
	Phase noise model
	EVM（%）

	
	120
	240
	480
	960

	 From [1]
	14.06
	14.31
	14.5
	14.88

	38.803 Ex-2 
	13.93
	14.39
	14.54
	14.80



Table 2. EVM for different BS PN models in [1] and TR 38.803 Ex-2 for 2000MHz bandwidth
	Phase noise model
	EVM（%）

	
	480
	960

	From [1] 
	14.65
	14.79

	38.803 Ex-2
	14.81
	14.83



It is obvious from the above tables that there is no major difference on EVM for different SCS (i.e., 120kHz, 240kHz, 480kHz, 960kHz) for a given channel bandwidth under a specific BS PN model. Meanwhile, the bandwidth (400M and 2000M) shows little impact on the EVM.
[bookmark: _Hlk61531791]Observation 1: There is not much difference on EVM for different SCS in BS side.
Observation 2: There is limited impact on EVM for different channel bandwidths in BS side.
From the table, we can conclude that, since there is no much difference on EVM between R4-2014976 and 38.803 Ex-2, it is proposed to reuse the 38.803 Ex-2 model in BS side for 52.6-71GHz. 
[bookmark: _Hlk61531877]Observation 3: There is no much difference on EVM between R4-2014976 and 38.803 Ex-2.
Proposal 1: Reuse the 38.803 Ex-2 PN model in BS side for 52.6-71GHz.
52.6-71GHz UE PN model 
In UE side, there are three different PN models from [1], [2] and TR 38.803 Ex-2. The research method is similar to the PN model in BS side. The fixed Ex-2 PN model in BS side is used for better comparing the difference of PN models in UE side. 
The total EVM (without CPE compensation) for the three UE PN models with 400MHz and 2000MHz bandwidth are shown in Table 3 and Table 4, separately.
Table 3. EVM for different UE PN models in [1], [2] and TR 38.803 Ex-2 for 400MHz
	Phase noise model
	EVM（%）

	
	120
	240
	480
	960

	From [1] 
	11.54
	11.61
	11.47
	11.54

	From [2]
	11.33
	11.45
	11.47
	11.84

	38.803 Ex-2
	13.93
	14.39
	14.54
	14.80



Table 4. EVM for different UE PN models in [1], [2] and TR 38.803 Ex-2 for 2000MHz
	Phase noise model
	EVM（%）

	
	480
	960

	From [1] 
	11.55
	11.55

	From [2]
	11.70
	11.96

	38.803 Ex-2 
	14.81
	14.83



It is indicated in Table 3 and Table 4 that there is no fundamental difference on EVM between [1] and [2], while there is a substantial difference on EVM between 38.803 Ex-2 and the others. 
Observation 4: Fundamentally, there is not much difference on EVM for UE PN models from R4-2014976 and R4-2016533.
Observation 5: There is a substantial difference on EVM for UE PN models from 38.803 Ex-2 and the others.
Massive fitting simulations have been conducted by combining PN models in UE side from [1] and [2], and a new merged phase noise profile is proposed. The result can be seen in Figure 1, it is shown that the performance of this new PN model is in-between [1] and [2].
[image: ]
Figure 1. PN models in 38.803 Ex-2, [1], [2] and new proposal
In order to better fit the profile into equation, multiple zero/pole models are utilized. The formula shown below is used for this newly merged PN model:

The parameters in the equation are used as follows:
Table 5. Parameters of the proposed phase noise model equation for UE side
	Parameter
	Value/expression
	Parameter
	Value

	PSD0
	38.15
	

	

	fz,1
	3e3
	αz,1
	2.5

	fz,2
	100e3
	αz,2
	2

	fz,3
	900e6
	αz,3
	2.5

	fp,1
	1
	αp,1
	3.3

	fp,2
	300e3
	αp,2
	2.5

	fp,3
	18e6
	αp,3
	1



The EVM (without CPE compensation) for different UE PN models for 400MHz are compared in Table 6:
Table 6. EVM for the different UE PN models ([1], [2], TR 38.803 Ex-2, and our proposal) for 400MHz
	Phase noise model
	EVM（%）

	
	120
	240
	480
	960

	R4-2014976 Ericsson 
	11.54
	11.61
	11.47
	11.54

	R4-2016533 Huawei
	11.33
	11.45
	11.47
	11.84

	38.803 Ex-2
	13.93
	14.39
	14.54
	14.80

	our proposal
	10.80
	10.84
	10.84
	11.20



Observed from the evaluation, it is shown that the EVM of our proposal is better than the other three models.
Observation 6: The EVM of the new proposal is better than the other three models in UE side.
We investigate the BLER performance under different PN models. These simulation parameters are summarized in Appendix 1 and the result can be seen in Figure 2. The used phase noise model sets were as following:
· PN model from [1]
· BS: R4-2014976 DM=0 dB
· UE: R4-2014976 DM=5 dB
· PN model from [2]
· BS: 38.803 Ex-2 BS
· UE: R4-2016533
· Example2 model in TR 38.803
· [bookmark: _Hlk61426369]BS: 38.803 Ex-2 BS
· UE: 38.803 Ex-2 UE
· Our proposed model
· BS: 38.803 Ex-2 BS
· UE: our proposed UE model
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Figure 2. 64QAM BLER for four PN models with CPE compensation under 400M bandwidth 
It is observed that the BLER performance for the new proposal is better than the other three models for 120kHz, 240kHz, 480kHz; for 960kHz, it is better than the two models from [1] and [2], most closely to Ex.2 model. Although Ex.2 model is slightly better than the new proposal for 960kHz, while for 120kHz, 240kHz and 480kHz, the new proposal is much better than Ex.2 model. Overall, the BLER performance for the new proposal is better than the other three models. Meanwhile, it is shown that compared to Example 2 model, the dependence of BLER performance on SCS is also decreasing.
[bookmark: _Hlk61625017][bookmark: _Hlk61533485][bookmark: OLE_LINK1][bookmark: _Hlk61533722]Observation 7: Overall, the BLER performance for the new proposal is better than the other three models.
[bookmark: _Hlk61030271]Proposal 2: For 52.6-71GHz, consider taking multiple zero/pole PN model in UE side and the parameters are assumed as in below table:
	Parameter
	Value/expression
	Parameter
	Value

	PSD0
	38.15
	

	

	fz,1
	3e3
	αz,1
	2.5

	fz,2
	100e3
	αz,2
	2

	fz,3
	900e6
	αz,3
	2.5

	fp,1
	1
	αp,1
	3.3

	fp,2
	300e3
	αp,2
	2.5

	fp,3
	18e6
	αp,3
	1


Conclusion
In this contribution, we conclude a merged PN model according to existing PN models for 52.6-71GHz and compare these PN models in EVM performance. The following observations and proposals are made: 
Observation 1: There is not much difference on EVM for different SCS in BS side.
Observation 2: There is limited impact on EVM for different channel bandwidths in BS side.
Observation 3: There is no much difference on EVM between R4-2014976 and 38.803 Ex-2.
Proposal 1: Reuse the 38.803 Ex-2 PN model in BS side for 52.6-71GHz.
Observation 4: Fundamentally, there is not much difference on EVM for UE PN models from R4-2014976 and R4-2016533.
Observation 5: There is substantial difference on EVM for UE PN models from 38.803 Ex-2 and the others.
Observation 6: The EVM of the new proposal is better than the other three models in UE side.
Observation 7: Overall, the BLER performance for the new proposal is better than the other three models.
Proposal 2: For 52.6-71GHz, consider taking multiple zero/pole PN model in UE side and the parameters are assumed as in below table:
	Parameter
	Value/expression
	Parameter
	Value

	PSD0
	38.15
	

	

	fz,1
	3e3
	αz,1
	2.5

	fz,2
	100e3
	αz,2
	2

	fz,3
	900e6
	αz,3
	2.5

	fp,1
	1
	αp,1
	3.3

	fp,2
	300e3
	αp,2
	2.5

	fp,3
	18e6
	αp,3
	1
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Appendix 1: Link simulation parameters
Simulation parameters are shown in Table A1-1.
[bookmark: _Ref47608895]Table A1-1. Simulation parameters
	Carrier frequency
	60GHz

	Subcarrier spacings
	120/240/480/960 kHz

	Bandwidths
	400 MHz, 2 GHz

	Number of PRBs
	For 400 MHz:
- 256 (120 kHz)
- 128 (240 kHz)
- 64 (480 kHz)
- 32 (960 kHz)

For 2000 MHz:
- 320 (480 kHz)
- 160 (960 kHz)

	Waveforms
	CP-OFDM (uplink)

	Cyclic prefix
	Normal

	Channel model
	TDL-A 10ns

	Antenna configuration
	TDL-A 2x2

	Mobility
	3km/h

	PA model
	No

	I/Q imbalance
	No

	Frequency offset
	No

	Channel Estimation	
	Realistic

	Transmission Rank
	Rank 1
random precoding

	DMRS Configuration
	2 DMRS symbols at (2,11) symbol index 

	PTRS Configuration
	For CP-OFDM:
 (K = 2, L = 1)

	MCS/TBS
	From MCS Table 1 (TS38.214):
- MCS 13 (QPSK),
- MCS 21 (16QAM),
- MCS 26 (64QAM）
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