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Background
New SID on NR beyond 52.6 GHz up to 71 GHz was approved. In the SI phase, only limited issues will be discussed. Based on RAN1 LS [2], we discuss phase noise and power amplifier models and current status in RAN4. Our draft LS reply was suggested in Annex. 
Discussion
Phase Noise Model
For wireless system operating in 52.6 – 71 GHz range, phase noise (PN) becomes a limiting factor for data transmission where rapid phase variations caused by the PN. Addressing the PN problem may require supporting subcarrier spacing (SCS) values larger than the currently used in NR for FR2. TR 38.803 captures two phase noise models applicable to 52.6 – 71 GHz range. Figure 1 shows both example 1 and 2 from the TR.
[image: ]
Figure 1. Phase noise models in TR 38.803

The purpose of the phase noise models in the TR is providing information and not intended to use it for performance requirements. Therefore, RAN4 does not reply on the models in TR 38.803 when RAN4 decides requirements.

Observation #1: The phase noise models in TR 38.803 are not intended for performance requirements for RAN4 specifications.

However, RAN4 often refers the PN models for feasibility studies or evaluation of performance benefits. One of previous discussions might be good for validity of PN applicability for 52.6 – 71 GHz range. EVM performance evaluations were performed in FR2 DL 256 QAM WI in Rel-16. Table 1 shows residual EVM for different phase noise models from TR 38.803 [1].

	Phase noise model
	EVM [%]
	EVM [dB]

	
	29 GHz
	39 GHz
	29 GHz
	39 GHz

	TR 38.803 Example 1 model (section 6.1.10)
	3.6
	4.7
	-28.9
	-26.5

	TR 38.803 Example 2 model (section 6.1.11) 
	BS side
	2.1
	2.8
	-33.5
	-31.1

	
	UE side
	5.5
	7.3
	-25.2
	-22.7


Table 1. Residual EVM for different phase noise models

From the Table 1, PN models, i.e., Example 1 and Example 2 – UE, in TR 38.803 already cannot meet FR2 256QAM EVM requirement, i.e., 3.5 %, without taking into account other RF impairments. 

Observation #2: Phase noise models in TR 38.803, i.e., Ex-1 and Ex-2 for UE, already cannot meet FR2 256QAM EVM requirement without taking into account other RF impairments. Ex-2 for BS showed marginal performance.

In general, PN models in TR 38.803 is too pessimistic compared to the current RF requirement and this will also apply to 52.6 – 71 GHz frequency range. Note that these PN models can still applicable to 52.6 – 71 GHz range with carrier frequency scaling, i.e., PN could increase 6 dB every time when carrier frequency doubles. If RAN1 design is based on the PN models for 52.6 – 71 GHz, then the system will be conservative or overdesigned in other word. Unfortunately, RAN4 does not have common PN model for requirements. Since it is an implementation specific, it would be hard for RAN4 to agree with a common model.

Observation #3: Phase noise models in TR 38.803 are pessimistic for UE performance evaulation. 
Observation #4: If RAN1 design is based on the PN models in TR 38.803 for 52.6 – 71 GHz, the system will be conservative or overdesigned in other word.
Observation #5: It would be hard for RAN4 to agree on a common PN model as PN is an implementation specific.

Power Amplifier Model
While there were effort to define PA models for sub-6GHz range, i.e., Polynomial based model (R4-163314) for UE PA and Rapp based model (R1-167297) for BS PA, no official model was agreed in RAN4 for mmWave. Like PN, PA is also implementation specific and companies normally do not disclose their model for RAN4 discussions and only share results. From this perspective, it would be hard for RAN4 to agree on a common PA model, like PN model above.

Observation #6: There is no RAN4 PA model in mmWave.
Observation #7: It would be hard for RAN4 to agree on a common PA model as it is an implementation specific.

Draft LS reply to RAN1
There was a RAN1 LS [1] on phase noise and other RF impairment modelling. Based on the discussions above, we provided a draft LS reply to RAN1 in Annex.
Summary
In this paper, we mainly addressed phase noise and power amplifier models. The following observations were made. Also a draft LS reply to RAN1 was provided in Annex.

Observation #1: The phase noise models in TR 38.803 are not intended for performance requirements for RAN4 specifications.
Observation #2: Phase noise models in TR 38.803, i.e., Ex-1 and Ex-2 for UE, already cannot meet FR2 256QAM EVM requirement without taking into account other RF impairments. Ex-2 for BS showed marginal performance.
Observation #3: Phase noise models in TR 38.803 are pessimistic for UE performance evaulation. 
Observation #4: If RAN1 design is based on the PN models in TR 38.803 for 52.6 – 71 GHz, the system will be conservative or overdesigned in other word.
Observation #5: It would be hard for RAN4 to agree on a common PN model as PN is an implementation specific.
Observation #6: There is no RAN4 PA model in mmWave.
Observation #7: It would be hard for RAN4 to agree on a common PA model as it is an implementation specific.
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Annex – Draft LS reply to RAN1
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Title:	Reply LS to RAN1 on Phase noise and other RF Impairment modelling

Release:	Rel-17
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Contact Person:	
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1. Overall Description:
RAN4 would like to thank RAN1 for the LS. RAN4 has discussed the issue and concluded the following: 
· Phase noise (PN) modelling is necessary in the RAN1 evaluation of applicable numerology including subcarrier spacing and channel BW. Two PN models developed during the Rel-15 NR study item are provided in TR 38.803 (Ex-1 and Ex-2). 
· RAN4 reply: The PN models in TR 38.803 are too pessimistic, especially Ex-1 and Ex-2 for UE which already cannot meet the existing FR2 256QAM EVM requirement. Unfortunately, RAN4 does not have a common PN model for performance requirement and it would be hard to agree on a common model. If RAN1 design is based on the PN models in TR 38.803, the system would be conservative or overdesigned.

· Modelling of the power amplifier (PA), either directly or approximately via EVM injection, and other RF impairments, such as I/Q imbalance and frequency offset, will be optionally considered in the RAN1 evaluation.
· RAN4 reply: There is no common PA model in RAN4 and it would be hard to agree on a common model. Regarding other RF impairments, if RAN1 has a specific parameter for their evaluation, then RAN4 will discuss and might be able to provide RAN4 input.

2. Actions:
To RAN WG1 group:
ACTION: 	RAN WG4 respectfully asks RAN1 to take above information into account.


3. Date of Next TSG-RAN WG4 Meetings:
[bookmark: _GoBack]TSG-RAN4 #96e-Bis		26th Oct. – 13th Nov., 2020, e-meeing
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