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PUSCH: PTRS configuration set extension
In this section, we provide link level evaluation results for various PT-RS configuration for NR above 52.6 GHz in DFT-s-OFDM. Recent contributions proposed to extend the set of PT-RS combinations and add 16 groups of 2 PTRS elements (16x2) and 16 groups of 4 PTRS elements (16x4) in additional to the baseline 2x2, 2x4, 4x2, 4x4 and 8x4 configurations. Here we provide the simulation results and analysis to help with decision of the PTRS configuration set extension.
Simulation assumptions
The baseline simulation assumptions and parameters are summarized in Table 1.
[bookmark: _Ref78532785]Table 1 PUSCH PTRS simulation assumptions summary
	Assumptions
	Value

	Carrier Frequency
	60 GHz

	Subcarrier Spacing
	PUSCH - {120, 480, 960} kHz

	Bandwidth
	400 MHz for 120/480 kHz, 2 GHz for SCS 960 kHz

	Number of RBs
	256 (120 kHz), 64 (480 kHz), 174 (960 kHz),

	Channel Model
	TDL-A 5 ns

	Antenna Configuration
	 2x2, uncorrelated antennas

	Mobility
	3 km/h, 167 Hz

	gNB TRP PN Model
	3GPP TR38.803 example 2 BS PN profile

	UE PN Model
	3GPP TR38.803 example 2 UE PN profile

	Channel Estimation
	Realistic channel estimation: Least squares fit per precoding region (24 subc)

	Precoding
	PMI set: 2 Tx, Rank 1 

	PTRS Configuration
	Legacy DFT-s-OFDM set, 16 groups of 2 and 4 samples additionally
Linear interpolation over averaged groups

	MCS
	PUSCH MCS 16, 22, 27, = 0



Simulation Results
Figures 1-3 show the BLER performance for the various combinations of the PTRS patterns for the linear interpolation algorithm.
SCS 120 kHz
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Figure 1 DFT-s-OFDM PN compensation performance, SCS 120 kHz, MCS 16, 22 and 27
SCS 480 kHz
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Figure 2 DFT-s-OFDM PN compensation performance, SCS 480 kHz, MCS 16, 22 and 27
SCS 960 kHz
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Figure 3 DFT-s-OFDM PN compensation performance, SCS 960 kHz, MCS 16, 22 and 27
Observations and conclusions
· For the SCS 120 kHz, the newly proposed 16x2 and 16x4 configurations may provide about 1 dB improvement for MCS 22 and even make this mode feasible for the case of MCS 27. 
· [bookmark: _GoBack]For the SCS 480 and SCS 960 kHz, the PTRS overhead starts to play a more important role, due to reduction of available REs in case of SCS increase with fixed BW. Unlike the PDSCH, PTRS configuration specifies a total number of PTRS samples, and not the PTRS density, so the overhead may dramatically increase. 
· As a result, for 480 kHz SCS and MCS 22, 16x2 configuration doesn’t provide additional gain, while for MCS 27 give a huge improvement
· For SCS 960 kHz (2000 MHz BW), newly proposed configurations provide improvement only for higher code-rate scenario, MCS 27
· It should be noted that comparing the 16x2 and 16x4 configuration, we may find that the first one is almost always better. This can be explained with the fact that precise PN approximation that is provided with 16 PTRS groups is needed only for the higher SNR regions, when additional compensation is useful since thermal noise is low. At the same time, at the high SNR region, additional point accuracy that can be achieved with 4 samples per group is not required. For the low SNRs and low MCSs, as usual, PN may not play a significant role with large AWGN present.
Proposal:	Do not support 16 groups of 4 PTRSs configuration
Proposal:	Consider 16 groups of 2 PTRSs configuration (if supported) only for a high MCSs case

PDSCH: PTRS density increase for small-size allocations
It was discussed that the baseline PTRS density values (K=2 and K=4) may not be suitable for a very small number of RB allocated. For small RB allocations, the number of available PTRS REs may be low to the point that is impossible to estimate filter taps due to insufficient number of data. This is especially true in the case of the advanced PTRS schemes that require RE grouping in chunks. Thus, increasing the number of PTRS REs (and PTRS) density may improve the filter estimate and potentially lead to performance increase over CPE compensation mode. Present simulation results addresses this problem, by comparison of the various phase noise compensation algorithms performance over PTRS allocations with K=1 and K =2 densities.
Simulation assumptions
The baseline simulation assumptions and parameters are summarized in Table 2.
[bookmark: _Ref83924020]Table 2 PDSCH PTRS simulation assumptions summary
	Assumptions
	Value

	Carrier Frequency
	60 GHz

	Subcarrier Spacing
	PDSCH - {120, 480, 960} kHz

	Number of RB
	4, 8, 16 for all SCS configurations

	Channel Model
	TDL-A 5 ns

	Antenna Configuration
	 2x2, uncorrelated antennas

	Mobility
	3 km/h, 167 Hz

	gNB TRP PN Model
	3GPP TR38.803 example 2 BS PN profile

	UE PN Model
	3GPP TR38.803 example 2 UE PN profile

	Channel Estimation
	Realistic channel estimation: Least squares fit per precoding region (24 subc)

	Precoding
	PMI set: 2 Tx, Rank 1 

	DMRS Configuration
	1 DMRS symbol, no data multiplexing is assumed in DMRS symbols

	PTRS Configuration
	L = 1, K = 1, K = 2

	MCS
	PDSCH MCS 16, 22 = 0


Simulation results
Figure 4- Figure 6 show the BLER performance for the various combinations of the PTRS density and processing algorithms. All blue curves are for ICI processing with 3-tap filter, red curves are for CPE processing. Different MCSs have different line markers – triangle for MCS 16 and round for MCS 22. Finally, solid thin lines correspond to K =2, while thick dashed lines correspond to the considered case of K = 1;
[image: ][image: ][image: ]
[bookmark: _Ref83927205]Figure 4 OFDM PN compensation performance for different K, SCS 120 kHz, for 4, 8, 16 RBs allocations
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Figure 5 OFDM PN compensation performance for different K, SCS 480 kHz, for 4, 8, 16 RBs allocations
[image: ][image: ][image: ]
[bookmark: _Ref83927209]Figure 6 OFDM PN compensation performance for different K, SCS 960 kHz, for 4, 8, 16 RBs allocations
Observations and conclusions
Comparing the curves for different combinations of PTRS parameters and SCS, the following can be observed:
The PN ICI compensation algorithms that require even 3-tap filter estimation do not function properly in the case when number of PTRSs is close to the number of taps. At the same time, performance of the CPE approach is not degraded.
Increasing of PTRS density for the case of small (4-16 RBs) allocations still not provide enough observation points for proper filter estimation and thus, de-ICI filtering is less efficient than CPE.
Considering the CPE algorithm only, increasing of the PTRS density do not provide any significant improvement – in the several cases K=1 may be better than K=2 by 0.1 dB, in most cases there is no improvement at all. 
As a conclusion, based on the obtained results the following can be stated:
For all considered small RB allocation cases (4, 8, 16), optimal performance is achieved with CPE compensation algorithm for K=2, and in some extreme cases (4 RBs) CPE compensation for K=1 shows similar performance or negligible gain
Proposal:	Keep current PTRS density values K = 2 and K = 4, without extending the set.
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