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Introduction
In RAN1#102-e [1], evaluation assumptions and technical aspects to study higher frequency support (up to 71 GHz) have been agreed. In this contribution, we provide evaluation results on DM-RS and PT-RS performances and corresponding observations based on the agreed evaluation assumptions.
Evaluation Results on Different Subcarrier spacing
In this section, we provide evaluation results with the agreed evaluation assumptions [1]. Table 1 provides SNRs (in dB scale), for the given assumptions, which achieve 10% BLER and 1% BLER. In addition, the Figures 1, 2, 3 and 4 show the BLER performance according to the subcarrier spacing with and without the presence of RF impairments using TDL-A with 400 MHz bandwidth, TDL-A with 2 GHz bandwidth, CDL-B with 400 MHz bandwidth and CDL-B with 2 GHz bandwidth, respectively.    

	MCS
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	7
	TDL-A, 5ns
	3.1
/5.2 
	3.3
/4.6 
	3.0
/4.6
	3.6
/5.3
	2.1
/2.7

	
	TDL-A, 10ns
	2.6
/4.3
	2.6
/4.2
	2.8
/4.5
	3.1
/4.5
	2.1
/2.7

	
	TDL-A, 20ns
	2.4
/3.6
	2.5
/4.1
	2.6
/4.2
	3.1
/4.6
	2.2
/2.7

	
	CDL-B, 20ns
	4.6
/9.5
	4.4
/10.2
	4.5
/10.1
	4.7
/10.4
	4.3
/10.2

	
	CDL-B, 50ns
	4.6
/9.6
	4.6
/10.2
	4.9
/10.9
	5.2
/11.0
	4.8
/11.0

	16
	TDL-A, 5ns
	11.8
/13.9
	11.4
/13.6
	11.0
/13.0
	11.8
/13.8
	10.1
/11.2

	
	TDL-A, 10ns
	11.2
/12.9
	11.0
/12.7
	10.6
/12.2
	11.0
/12.6
	10.1
/10.8

	
	TDL-A, 20ns
	10.8
/12.3
	10.6
/12.1
	10.3
/11.5
	10.8
/12.4
	10.1
/10.7

	
	CDL-B, 20ns
	12.6
/18.4
	13.2
/18.8
	12.6
/18.1
	12.6
/18.2
	12.8
/18.8

	
	CDL-B, 50ns
	12.6
/18.4
	13.3
/18.8
	12.9
/18.5
	13.2
/22.4
	13.6
/22.7

	22
	TDL-A, 5ns
	n/a
/n/a
	25.6
/n/a
	18.7
/23.3
	18.0
/20.1
	17.0
/20.3

	
	TDL-A, 10ns
	n/a
/n/a
	27.0
/n/a
	18.1
/22.5
	17.0
/19.0
	17.0
/20.1

	
	TDL-A, 20ns
	n/a
/n/a
	27.4
/n/a
	17.8
/22.1
	17.0
/18.6
	17.3
/21.2

	
	CDL-B, 20ns
	n/a
/n/a
	29.5
/n/a
	19.1
/25.8
	17.5
/23.1
	18.8
/27.4

	
	CDL-B, 50ns
	n/a
/n/a
	n/a
/n/a
	19.5
/n/a
	19.6
/n/a
	21.7
/n/a

	- CP type: short CP 
- Antenna configuration for CDL model: (Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH) for BS and (Mg,Ng,M,N,P) = (1,1,2,2,2) with (0.5 dv, 0.5 dH) for UE
- PTRS configuration: K = 2, L = 1
- DMRS configuration: Type-1 DM-RS with 1 front-loaded DM-RS and 1 additional DM-RS symbol at (2,11) symbol index




Table 1. SINRs which achieves 10% BLER and 1% BLER with TDL-A and CDL-B 

TDL-A
TDL-A with 400 MHz bandwidth
[image: ] [image: ] 
(a) MCS 22, TDL-A with 5 ns DS 				(b) MCS 22, TDL-A with 10 ns DS
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(c) MCS 22, TDL-A with 20 ns DS 				(d) MCS 16, TDL-A with 5 ns DS
 [image: ] [image: ]
(e) MCS 16, TDL-A with 10 ns DS 				(f) MCS 16, TDL-A with 20 ns DS
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(g) MCS 7, TDL-A with 5 ns DS 				(h) MCS 7, TDL-A with 10 ns DS
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(i) MCS 7, TDL-A with 20 ns DS
Figure 1. BLER performance based on subcarrier spacing with 400 MHz bandwidth in the presence of RF impairments
TDL-A with 2 GHz bandwidth
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(a) TDL-A with 5 ns DS 					(b) TDL-A with 10 ns DS
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(c) TDL-A with 20 ns DS 			(d) TDL-A with 5 ns DS and extended CP
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(e) TDL-A with 10 ns DS and extended CP 		(f) TDL-A with 20 ns DS and extended CP
Figure 2. BLER performance based on subcarrier spacing with 2 GHz bandwidth and 960 kHz in the presence of RF impairments

CDL-B
CDL-B with 400 MHz bandwidth
[image: ][image: ]
(a) MCS 22, CDL-B with 20 ns DS 				(b) MCS 22, CDL-B with 50 ns DS
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(c) MCS 16, CDL-B with 20 ns DS 				(d) MCS 16, CDL-B with 50 ns DS
 [image: ] [image: ]
(e) MCS 7, CDL-B with 20 ns DS 				(f) MCS 7, CDL-B with 50 ns DS
Figure 3. BLER performance based on subcarrier spacing with 400 MHz bandwidth in the presence of RF impairments

0. CDL-B with 2 GHz bandwidth
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(a) CDL-B with 20 ns DS				(b) CDL-B with 20 ns DS and extended CP
[image: ][image: ]
(c) CDL-B with 50 ns DS				(d) CDL-B with 50 ns DS and extended CP
Evaluation results on DM-RS
[bookmark: _Hlk47604315]The Figures 4 and 5 show BLER performance according to the number of DM-RS symbols (including both front-loaded and additional DM-RS symbols) with and without the presence of RF impairments using TDL channel models with 400 MHz and 2 GHz bandwidths. For the evaluation, Rel-15 Type 1 DM-RS has been used and more detailed evaluation assumptions are provided in Annex. 
[image: ] [image: ] 
Figure 4. BLER performance based on number of DM-RS symbols in the presence of RF impairments (MCS 16 and MCS 22, 400 MHz BW, 960 kHz, TDL-A with 10 ns and 5 ns DS)
[image: ][image: ]
Figure 5. BLER performance based on number of DM-RS symbols in the presence of RF impairments (MCS 16 and MCS 22, 2 GHz BW, 1920 kHz, TDL-A with 10 ns and 5 ns DS)
As shown in the figures, the performance loss from channel estimation error and RF impairments gets mitigated as the number of DM-RS symbols increases especially when higher modulation order and smaller bandwidth are used. 
Observation 1: Increased number of DM-RS symbols mitigates performance degradation from the channel estimation error and the RF impairments especially for higher modulation order and smaller bandwidth.
Proposal 1: Study performance impact of DM-RS on the channel estimation error and the RF impairments with minimum RS overhead for frequencies from 52.6 GHz to 71 GHz.
Evaluation results on PT-RS
The Figures 6 and 7 show BLER performance according to the PT-RS configuration with and without the presence of RF impairments using TDL channel models with 400 MHz and 2 GHz bandwidths. For the comparison, following two Rel-15 PT-RS configurations are used:
· Config #1 (labeled as T1 F2): PT-RS REs in every 2nd PRB in frequency and every OFDM symbols in time
· Config #2 (labeled as T1 F4): PT-RS REs in every 4th PRB in frequency and every OFDM symbols in time.
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Figure 6. BLER performance based on PT-RS configurations in the presence of RF impairments (MCS 16 and MCS 22, 400 MHz BW, 960 kHz, TDL-A with 10 ns and 5 ns DS)
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Figure 7. BLER performance based on number of DM-RS symbols in the presence of RF impairments (MCS 16 and MCS 22, 2 GHz BW, TDL-A with 10 ns and 5 ns DS)
As shown in the figures, the increased PT-RS density of Config #1 does not show significant performance benefits in contrast to Config #2.  
Observation 2: Increased PT-RS density in frequency domain based on Rel-15 configuration does not provide significant performance benefits.
Proposal 2: Study performance impact of PT-RS on mitigation of the RF impairments for frequencies from 52.6 GHz to 71 GHz.
Summary
In this contribution, we provided the evaluation results on the BLER performance according to the subcarrier spacing with and without the presence of RF impairments using TDL-A and CDL-B channel models with 400 MHz and 2 GHz bandwidth. In addition, we also provided the evaluation results on performance impacts of DM-RS and PT-RS based on the agreed evaluation assumptions. From the evaluation results, we made following observations and proposals: 
Observation 1: Increased number of DM-RS symbols mitigates performance degradation from the channel estimation error and the RF impairments especially for higher modulation order and smaller bandwidth.
Observation 2: Increased PT-RS density in frequency domain based on Rel-15 configuration does not provide significant performance benefits.
Proposal 1: Study performance impact of DM-RS on the channel estimation error and the RF impairments with minimum RS overhead for frequencies from 52.6 GHz to 71 GHz.
Proposal 2: Study performance impact of PT-RS on mitigation of the RF impairments for frequencies from 52.6 GHz to 71 GHz.
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Annex: Simulation assumptions 
Table 1. simulation assumptions
	Carrier frequency
	60 GHz

	Duplexing
	FDD

	Bandwidth
	400 MHz
	2 GHz

	Subcarrier Spacing (kHz)
	120
	240
	480
	960
	960 & 1920


	CP Type
	Normal CP unless specified as extended CP


	Antenna Configurations
	TDL-A: 2x2
CDL-B: (Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH) for BS and (Mg,Ng,M,N,P) = (1,1,2,2,2) with (0.5 dv, 0.5 dH) for UE

	Channel Model
	TDL-A model (Delay Spread: 5 ns, 10 ns and 20 ns)
CDL-B model (Delay Spread: 20 ns and 50 ns)

	UE Mobility
	3 km/hr

	RF impairments
	Phase Noise: Example 2 as specified in TR38.803 (sec. 6.1.11.2)
PA nonlinearity: Rapp model
No Frequency offset modeling

	Transmission scheme
	Rank 1 using precoder cycling with PRG size of 4 RBs

	Channel/Noise Estimation
	Realistic

	PTRS
	Config #1 (All evaluation results except for some PT-RS results, labeled as T1 F2): PT-RS REs in every 2nd PRB in frequency and every OFDM symbols in time
Config #2 (labeled as T1 F4): PT-RS REs in every 4th PRB in frequency and every OFDM symbols in time

	DMRS
	Release 15 Type 1 with 1 front-loaded DM-RS and 1 additional DM-RS unless specified
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