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Introduction
In RAN1#90, the following agreements were made:
· Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
· For pre-DFT PTRS insertion for DFTsOFDM
· Define for the sake of discussion the pre-DFT pattern as X chunks of K>=1 adjacent PTRS samples
· The chunk sizes K can be {1,2,Y}, values to be down-selected at RAN1#90bis 
· Y is a single value, larger than 2, FFS the exact value
· At most two K values is supported after down-selection
· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size and/or MCS 
· The supported number of chunks : X includes at least {2, Z}
· Z is larger than 2, FFS the exact value
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS 
· FFS: the exact positions of the chunks and sequence
· Note: K=1 corresponds to distributed allocation
· When one or more of PT-RS RE(s) is overlapped with CSI-RS
· The one or more overlapping PT-RS RE(s) is punctured
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)
· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.
· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS
· PTRS is not mapped to RBs that are not scheduled for the UE

[bookmark: _Ref178064866]In this contribution, we discuss different aspects related with the design of the Phase Tracking Reference Signal (PTRS), used to estimate, and compensate for phase noise related errors.
Discussion
[bookmark: _GoBack]This contribution is divided in two main sections, one focused on the open issues of the PTRS design for the CP-OFDM waveform (both for DL and UL) and the second one focused on the open issues of the PTRS designed for DFT-S-OFDM waveform.
PTRS design for CP-OFDM
Time and frequency density
One of the fundamental aspects left in the PTRS design are the thresholds of the predefined density tables. Even though the thresholds can be modified by RRC, we think it is important to take a conservative approach in the design, so that the default table offers performance benefits without any RRC signalling for the most usual cases (radios with the current state of the art oscillators for mmWave frequencies). Such design offers the advantage that the UE does not need to signal by RRC a new table to obtain a good performance, it just needs to signal it in the case that it wants to achieve the best performance. We think this is very important feature for NR Rel.15. Therefore, to obtain a good design for the default table we must use for the evaluations a phase noise model verified with empirical measurements of state of the art oscillators for mmWave frequencies. So far, the only phase noise model presented in RAN1 that fulfils this requirement is the one presented in [2]. So, this phase noise model must be the one used to determine the default table.
[bookmark: _Toc492908386]Use phase noise model [2] to determine the default density tables of PTRS.
In Appendix 5.3 and Appendix 5.4 we show evaluations results for 60 and 120 kHz subcarrier spacing using the phase noise model in [2], with different scheduled BW and different MCS index. As the NR MCS table is not agreed yet, for the evaluations, the LTE MCS and the Transport Block Size have been utilized by using Table 7.1.7.1-1 in [3], considering 2 symbols PDCCH and single front-loaded DMRS pattern. Based on the evaluations results presented in Appendix 5.3 and Appendix 5.4, we propose the default PTRS time and frequency density tables in Table 1 and Table 2 (for 60 and 120 kHz SCS), which are valid both for DL and UL. 
Therefore we propose that Table 1 and Table 2 are adopted as the default tables for both 60 and 120 kHz subcarrier spacing. 
[bookmark: _Toc485399125][bookmark: _Toc489947324][bookmark: _Toc490218107][bookmark: _Toc492908387]The default PTRS time density, used unless the UE is RRC configured other values,  every 4th symbol for QPSK and 16 QAM and every 2nd symbol for 64 QAM is used. FFS for 256QAM.
[bookmark: _Toc492908388]The default PTRS frequency density, used unless the UE is RRC configured other values, every n:th scheduled RB carries PTRS, where n={1,2,4} for <8 RBs, between 8 and 31 RBs and more than 31 RBs respectively. 
One important characteristic of Table 1 and Table 2 is that they do not include the NO PTRS option. The reason is that at least for UL PTRS, PTRS always present is needed for proper CFO compensation, meaning that in some cases the option of PTRS always ON is needed (even for sub-6 GHz transmissions). Note that presence of PTRS is configured by RRC as agreed in [4], so in the cases in which PTRS is not required, the default values can be replaces by RRC.
[bookmark: _Toc492908389]Remove the PTRS OFF entry of the default time/freq. density tables of PTRS.

	Scheduled MCS
	Time density

	QPSK and 16 QAM
	1/4

	64 QAM
	1/2

	256 QAM
	FFS


[bookmark: _Ref485307247]Table 1. Association table between PTRS time density and MCS for 60kHz and 120 kHz SCS.
	Scheduled BW
	Freq. density

	0  NRB  8 PRB
	1

	8 PRB NRB  32 PRB
	1/2

	32 PRB NRB 
	1/4


[bookmark: _Ref485307461]Table 2. Association table between PTRS freq. density and scheduled BW for 60kHz and 120 kHz SCS.
Port selection
It was previously agreed that for the 1 CW case the PTRS port is associated with the lowest DMRS port index among the DMRS group. For the 2 CW case to different alternatives are considered:
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs).
For the case in which both CW have the same MCS, the SINR levels of the different ports associated with each CW should not be very different. Thus, in this case there is not significant difference between Alt.1 and Alt.2 (in terms of phase estimation accuracy). For the case with 2 CW with different MCS, the CW with highest MCS is usually transmitted in the subset of ports with best SINR. Hence, Alt.2 could lead to low accuracy in the phase estimation in some cases (as the case in which the PTRS port is associated with a port assigned to the CW with lowest MCS). Alt.1 does not present this problem because the PTRS port is always associated with a port assigned to the CW with highest MCS. Moreover, Alt.1 does not require additional signaling even though the PTRS port is not always associated with the DMRS port with lowest index in the DMRS group. Therefore, Alt.1 is preferred.
[bookmark: _Toc492908390]For PTRS port mapping in the case of 2 CW, the PT-RS port associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS is selected. If MCS of the 2 CWs is the same, CW 0 is selected (Alt.1)
One of the FFS related with port selection for PTRS is if the UE can provide information to facilitate gNB to map the lowest DMRS port index to the port with higher received SINR. This aspect is very important, because the phase estimation accuracy depend on the SINR level of the port that PTRS is transmitted ON. Therefore, to assure a good phase estimation accuracy additional signaling must be added to inform the gNB about the preferred transmission precoding vector. Different signaling alternatives could be used, as UCI or RRC. RRC has the disadvantage that in some cases it could not track the best transmission port, because the radio channel can vary very quickly, so the best transmission port can change quite quickly. Therefore, UCI seems a better option and so it must include information about the preferred transmission precoding vector, based on CSI-RS measurements.
[bookmark: _Toc489947328][bookmark: _Toc490218113][bookmark: _Toc492908391]Support UCI signaling to assist gNB in determining a preferred transmission precoding vector for PTRS, based on CSI-RS measurements.
The UCI signaling is a tradeoff between overhead and performance. It is observed that for rank 1 feedback there is no need to feedback preferred transmission port, while for rank 2 feedback there are two options. 
[bookmark: _Toc489947315]Required bits to indicate preferred precoding vector column and RI are dependent
For example, for up to 4 CSI-RS ports and up to rank 4 transmission, 2 bits are required in the CSI-feedback for the Rank Indicator. By increasing the number of bits to 3, we can include also information about the best transmission port (or precoding matrix column) as shown in Error! Reference source not found.. The presented solution does not allow to signal the best port in all the cases but limits the impact on overhead. For example, for the case with Rank Indicator 4 just 2 ports among 4 can be selected. 
	Signaled bits
	Rank indicator
	Preferred transmission port

	000
	1
	0

	001
	2
	0

	010
	2
	1

	011
	3
	0

	100
	3
	1

	101
	3
	2

	110
	4
	0

	111
	4
	2


Table 3.  Example of joint CSI-feedback information for Rank Indicator and preferred port transmission
However, even if we cannot select the best transmission port in all the cases, this scheme ensures that PTRS is not transmitted in the worst port, using just 1 additional bit in the UCI. Other options may allow to signal which is the best transmission port in all the cases, but they have the disadvantage of requiring more signaling bits, which is not desired because there are few available bits in the UCI.  Moreover, the performance loss of not transmitting PTRS in the best transmission port for transmissions with high Rank Indicator is not as important as for transmission with low Rank Indicator, because the number of antennas in the receiver is usually higher, so more accuracy in the estimation is obtained thanks to the averaging of the estimation over the different antennas. 
[bookmark: _Toc489947329][bookmark: _Toc490218114][bookmark: _Toc492908392]Information about the preferred transmission port is jointly encoded with the Rank Indicator.

[bookmark: _Toc492893119][bookmark: _Toc492893120]Non-consecutive scheduling
Different options were presented for the PTRS mapping with non-consecutive scheduling. One of the options is mapping based on absolute index (Figure 1a), however it has the disadvantage that PTRS could be mapped to a PRB that is not allocated to this UE. Another one is mapping based on the principle of having at least 1 PTRS subcarrier per PRG (Figure 1b). This kind of mapping has the disadvantage that could lead to a higher PTRS density than desired in the frequency domain (leading to a worse performance). Finally, mapping based on relative index (Figure 1c), which preserves the desired PTRS frequency while offering a common mapping for consecutive and non-consecutive scheduling. Therefore, the last one is the preferred option for PTRS mapping with non-consecutive scheduling in NR, as already shown in [5]. For this kind of mapping, the PTRS density in the frequency domain is determined using Table 2 by assuming NRB is the number of scheduled RBs.
[bookmark: _Toc492908393]Adopt common PTRS mapping for consecutive and non-consecutive scheduling by using a mapping based on relative index.
[bookmark: _Toc492908394]The PTRS frequency density for non-consecutive scheduling is also determined using the table configured for frequency density of PTRS (where NRB is interpreted as the number of scheduled RBs).
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a) Mapping based on absolute index
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b) Mapping based on PRG
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c) Mapping based on relative index
	


[bookmark: _Ref492477713]Figure 1.Different options for PTRS mapping with non-consecutive scheduling with PTRS freq. density of ¼.
Mapping
There are two main options when it comes to mapping of PTRS to a subcarrier in a PRB, fixed mapping or configurable mapping (using Cell/UE ID). The PTRS mapping is closely related with the multiplexing of PTRS and CSI-RS. In the cases in which CSI-RS and PTRS are FDM, CSI-RS must not be mapped in the subcarriers in which PTRS is mapped (in order to obtain a phase estimate for the data symbols mapped to this OFDM symbol). It has been already agreed that CSI-RS uses in all cases FD2, and so each CSI-RS port includes 2 adjacent CSI-RS RE in the frequency domain. This fact produces that a configurable PTRS mapping could lead to a low number of available RE for CSI-RS in some cases, as shown in Figure 2. This is an important drawback of the configurable PTRS mapping.
	[image: ]
a) PTRS fixed mapping
	[image: ]
b) PTRS configurable mapping


[bookmark: _Ref492651029]Figure 2. Example of PTRS fixed and configurable mapping and the available CSI-RS ports.
Some companies claim that fixed PTRS mapping is not a good option because it does not avoid the PTRS to PTRS interference from different cells and different UE’s. However, we show in Appendix 5.1 that with a correct design for the PTRS sequence, the interference of PTRS to PTRS is not a significant degradation for the phase estimation. The PTRS sequence design that avoids this problem is based on repeating the value of the DMRS for the PTRS in the same subcarrier (which offers a constant interference over the different OFDM symbols). Therefore, using such a design for PTRS, fixed PTRS subcarrier mapping seems a better option because of its low complexity and because it allows more CSI-RS ports (in most cases).
[bookmark: _Toc492908395]PTRS subcarrier mapping within the RB is fixed and the same for all RBs containing PTRS and the same in all slots. The position does not depend on CellID or other parameters except the DMRS antenna port associated with the PTRS port.
[bookmark: _Toc465869518][bookmark: _Toc465938501][bookmark: _Toc465948179][bookmark: _Toc465948308][bookmark: _Toc466012196][bookmark: _Toc466024213][bookmark: _Toc466024327][bookmark: _Toc466025481][bookmark: _Toc466035652][bookmark: _Toc492908396]On a given subcarrier, the PTRS symbol sequence should be formed by repeating the value of the DMRS symbol on that subcarrier. 
In Figure 3a and Figure 3b we show the proposed PTRS subcarrier allocations for each port with DMRS type 1 and DMRS type 2, respectively. We do not include the DMRS configurations that use TD-OCC because TD-OCC may not work very well in the cases that PTRS is present (when the effects of phase noise are significant).
[bookmark: _Toc492908397]PTRS is mapped to local subcarrier k’{0,1} within the FD-CDM group in the RB with lowest subcarrier index k, and when FD-OCC =[1 1] then k’=0 otherwise k’=1. 
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a) PTRS ports for DMRS type 1
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b) PTRS ports for DMRS type 2


[bookmark: _Ref492652917]Figure 3. Proposed subcarrier allocations for PTRS for each PTRS port.
PTRS design for DFT-S-OFDM
Post-DFT scheme
In the previous RAN1 meeting it was agreed to support pre-DFT PTRS insertion for the cases in which DFT-S-OFDM is used, however post-DFT insertion was not precluded. In Appendix 5.5 we show evaluations comparing the performance of pre-DFT and post-DFT schemes for different scheduled BW and MCS. In the evaluations realistic simulations assumptions are used (practical channel and phase estimation, the Phase Noise model presented in [2] and the Power Amplifier model in Appendix A.1 in [6]). The evaluation results clearly show that when PTRS is needed, post-DFT scheme offers worst performance than pre-DFT scheme (either for small or big scheduled BW’s or low or high MCS’s). Therefore, post-DFT scheme must be precluded because it does not offer any performance gain while increases the design complexity.
[bookmark: _Toc489947434][bookmark: _Toc492908398]Post-DFT PT-RS insertion for UL DFT-S-OFDM is not supported.
Design in DFT domain
In the last RAN1 meeting, the companies were encouraged to down select the values for the chunk size (K) and for the number of chunks (X) for the pre-DFT PTRS scheme. Next, in Figure 4 to Figure 7 we present evaluations results with different combinations of K and X. One important fact that we can observe in the presented results is that the best PTRS design in the DFT domain is independent of the scheduled MCS. Also, for different SNR’s levels the best combination of K and X is different. For low and medium SNR, big chunk sizes tend to offer better performance, while for high SNR small chunk sizes offer better performance. Chunk size 2 with a variable number of chunks (associated with the scheduled BW) offers a compromise of good performance at low and high SNR. Therefore, chunk size 2 must be adopted as default value. However, oscillators with different phase noise properties could require a bigger chunk size to obtain a proper phase estimation. Thus, an optional configuration of K=4 should be adopted, where RRC signalling is used to configure it.
[bookmark: _Toc492908399]The PTRS chunk-based designed should adopt as default chunk size K=2, with and optional configuration of K=4 (configurable by RRC signalling).
According the presented simulations the number of chunks must be associated with the scheduled BW. In Table 4 we show association between scheduled BW and number of chunks, this table should be adopted as default table. The thresholds in the default table can be override by RRC configuration (similar to the case of CP-OFDM).
[bookmark: _Toc492908400]The default number of chunks for PTRS as a function of scheduled BW thresholds are used unless the UE is RRC configured other threshold values and are X={2,4,6,8} for <8 RBs, between 8 and 15 RBs, between 16 and 31 RBs and more than 31 RBs respectively. 
	Scheduled BW
	X (Number of chunks)

	0  NRB  8 PRB
	2

	8 PRB NRB  16 PRB
	4

	16 PRB NRB  32 PRB
	6

	32 PRB NRB
	8


[bookmark: _Ref492635147]Table 4. Default association table between number of chunks and scheduled BW.
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a) 16QAM(1/2)
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b) 64QAM(3/4)





[bookmark: _Ref492385153]Figure 4. Evaluation results with 4 PRB’s scheduled BW for different chunk-based designs at 30 GHz.
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b) 64QAM(3/4)





Figure 5. Evaluation results with 8 PRB’s scheduled BW for different chunk-based designs at 30 GHz.
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Figure 6. Evaluation results with 16 PRB’s scheduled BW for different chunk-based designs at 30 GHz.
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a) 16QAM(1/2)
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[bookmark: _Ref492391318]Figure 7. Evaluation results with 32 PRB’s scheduled BW for different chunk-based designs at 30 GHz.
Regarding the positions of the chunks on the DFT domain, different approaches can be taken. Our view is that the scheduled BW should divided in X intervals (where the number of intervals is equal to the number of chunks), and within each interval the PTRS samples are mapped in the middle of the interval. Some examples of this kind of mapping are shown in Figure 8. The proposed approach has the advantage that offers smaller maximum distance between a data sample and its closest PTRS chunk than other mappings. This property is desirable and offers a better accuracy in the phase estimation.
Next follows an expression to obtain the position of the PTRS samples in the DFT domain following the proposed mapping:
[bookmark: _Ref492644786]  for  and             Equation 1
where N is the total number of samples in the DFT domain, X is the number of PTRS chunks, K is the size of each chunk, and  is the number of samples per interval.
[bookmark: _Toc492908401]The PTRS mapping in the DFT domain should be done according to Equation 1.
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a) N=12, X=2, and K=2
	

[image: ]

	[image: ]
b) N=36, X=3, and K=4
	


[bookmark: _Ref492394174]Figure 8. Examples of the proposed mapping for PTRS in the DFT domain.
Design in time domain
One of the main advantages of pre-DFT PTRS scheme is that it allows to perform full phase noise estimation, which means that both Common Phase Error (CPE) and Inter-Carrier Interference (ICI) can be corrected. Different receiver implementation could have different kinds of estimation, i.e., just CPE estimation or full phase noise estimation. Therefore, to obtain a simple design for PTRS, it must be compatible with both kinds of receiver implementations. PTRS time densities smaller than 1 are not compatible with full phase noise compensation. Therefore, it is preferred a time density of always 1.
[bookmark: _Toc485400386][bookmark: _Toc489947438][bookmark: _Toc492908402]When PTRS is scheduled for DFT-S-OFDM, it must be present in all the OFDM symbols in which data is also scheduled, i.e. only time density 1 is supported.
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Use phase noise model [2] to determine the default density tables of PTRS.
Proposal 2	The default PTRS time density, used unless the UE is RRC configured other values,  every 4th symbol for QPSK and 16 QAM and every 2nd symbol for 64 QAM is used. FFS for 256QAM.
Proposal 3	The default PTRS frequency density, used unless the UE is RRC configured other values, every n:th scheduled RB carries PTRS, where n={1,2,4} for <8 RBs, between 8 and 31 RBs and more than 31 RBs respectively.
Proposal 4	Remove the PTRS OFF entry of the default time/freq. density tables of PTRS.
Proposal 5	For PTRS port mapping in the case of 2 CW, the PT-RS port associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS is selected. If MCS of the 2 CWs is the same, CW 0 is selected (Alt.1)
Proposal 6	Support UCI signaling to assist gNB in determining a preferred transmission precoding vector for PTRS, based on CSI-RS measurements.
Proposal 7	Information about the preferred transmission port is jointly encoded with the Rank Indicator.
Proposal 8	Adopt common PTRS mapping for consecutive and non-consecutive scheduling by using a mapping based on relative index.
Proposal 9	The PTRS frequency density for non-consecutive scheduling is also determined using the table configured for frequency density of PTRS (where NRB is interpreted as the number of scheduled RBs).
Proposal 10	PTRS subcarrier mapping within the RB is fixed and the same for all RBs containing PTRS and the same in all slots. The position does not depend on CellID or other parameters except the DMRS antenna port associated with the PTRS port.
Proposal 11	On a given subcarrier, the PTRS symbol sequence should be formed by repeating the value of the DMRS symbol on that subcarrier.
Proposal 12	PTRS is mapped to local subcarrier k’{0,1} within the FD-CDM group in the RB with lowest subcarrier index k, and when FD-OCC =[1 1] then k’=0 otherwise k’=1.
Proposal 13	Post-DFT PT-RS insertion for UL DFT-S-OFDM is not supported.
Proposal 14	The PTRS chunk-based designed should adopt as default chunk size K=2, with and optional configuration of K=4 (configurable by RRC signalling).
Proposal 15	The default number of chunks for PTRS as a function of scheduled BW thresholds are used unless the UE is RRC configured other threshold values and are X={2,4,6,8} for <8 RBs, between 8 and 15 RBs, between 16 and 31 RBs and more than 31 RBs respectively.
Proposal 16	The PTRS mapping in the DFT domain should be done according to Equation 1.
Proposal 17	When PTRS is scheduled for DFT-S-OFDM, it must be present in all the OFDM symbols in which data is also scheduled, i.e. only time density 1 is supported.
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Appendix
[bookmark: _Ref492656605]Interference analysis
The expression of the demodulated subcarrier in symbol  in a UE including the effects on an interfering source is

Where  is the channel impulse response,  the transmitted symbol,  the channel impulse response for the interfering signal,  the transmitted symbol for the interfering signal,  the rotation due to the CPE effect and  the thermal noise. The matched filter estimate of the channel follows.

The phase estimation for CPE compensation is based on obtaining the phase difference between the channel impulse response in different time instants, so it is given by:

Where the approximation comes from the assumption that the channel does not vary significantly from one symbol to the following, i.e., and . This assumption is also used in the phase estimation using PTRS (if this assumption weren’t valid, we could not estimate properly the phase rotation using PTRS). Using a reference signal design such that  and , we can transform the previous expression in:

Where . With such a reference signal design, the interference in both symbols ( and ) is equal, which produces a low degradation in the estimation (as can be seen in the previous equation). Finally, if we discard the thermal noise terms we obtain 
Therefore, we just prove that if the PTRS and DMRS in a subcarrier are equal for all the OFDM symbols in which they are mapped, the PTRS-PTRS interference does not produce a significant degradation in the phase estimation.
[bookmark: _Toc490218127]Simulations assumptions
	Parameter
	Value

	Channel Model
	TR38900_5G_CDL_B

	Phase noise model
	As proposed in [2], applied on both BS and UE

	Tx Scheme
	2x2 antenna panel

	Rx Scheme
	1x2 antenna panel

	UE speed
	3km/h

	Delay spread
	100 ns

	Transmission Slot Length
	14 symbols

	Link Adaptation
	Disabled

	Channel estimation
	Practical LMMSE channel estimation using front loaded RS pattern

	Phase estimation
	Practical phase estimation


[bookmark: _Ref477940397]Table 5. Simulation assumptions 1














[bookmark: _Ref488155923][bookmark: _Toc490218125][bookmark: _Ref492554508]
Evaluations for 60 kHz subcarrier spacing
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Figure 9. Evaluation results for MCS index 16 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 10. Evaluation results for MCS index 18 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 11. Evaluation results for MCS index 28 at 30 GHz carrier frequency with 60 kHz SCS.
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[bookmark: _Ref492554514]Evaluations for 120 kHz subcarrier spacing
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Figure 12. Evaluation results for MCS index 16 at 30 GHz carrier frequency with 120 kHz SCS.
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Figure 13. Evaluation results for MCS index 18 at 30 GHz carrier frequency with 120 kHz SCS.
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[bookmark: _Ref492478881]Figure 14. Evaluation results for MCS index 28 at 30 GHz carrier frequency with 120 kHz SCS.

[bookmark: _Ref492568404]Evaluations for comparison of pre-DFT and post-DFT PTRS schemes
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[bookmark: _Ref488323826]Figure 15. Evaluation results for MCS QPSK (0.5) at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 16. Evaluation results for MCS 16QAM (2/3) at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 17. Evaluation results for MCS 16QAM (3/4) at 30 GHz carrier frequency with 60 kHz SCS.
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[bookmark: _Ref488323831]Figure 18. Evaluation results for MCS 64QAM (3/4) at 30 GHz carrier frequency with 60 kHz SCS.

image1.png




image2.png
PRB not scheduled to the UE




image3.png




image4.png
I PTRS




image5.png




image6.png




image7.png
Not available for CSI-RS port

Not available for CSI-RS port

Available for CSIRS port

Available for CSI-RS port

Available for CSIRS port

Available for CSIRS port





image8.png
Not available for CSI-RS port

Not available for CSI-RS port

Available for CSI-RS port

Not available for CSI-RS port

Available for CSI-RS port

Not available for CSI-RS port





image9.png




image10.png




image11.png
Throughput [Mbits/s]

MCS(QAM16,0.5), PRB(4), CDL_B(100 ns), Tx(2), Rx(4)

af [Femk=1x=2

35

0s

10 5 o 5
SNR (8]




image12.png
Throughput [Mbits/s]

MCS(QAMB64,0.75), PRB(4), CDL_B(100 ns), Tx(2), Rx(4)

“oK=1,x=2

5 1 15
SNR (8]




image13.png
Throughput [Mbitsis]

MCS(QAM16,0.5), PRB(8), CDL_B(100 ns), Tx(2), Rx(4)

“oK=1,x=2

40 5 0 5
SNR (8]




image14.png
MCS(QAMB64,0.75), PRB(8), CDL_B(100 ns), Tx(2), Rx(4)

Throughput [Mbits/s]

0 5 1 15
SNR (8]




image15.png
Throughput [Mbits/s]

MCS(QAM16,0.5), PRB(16), CDL_B(100 ns), Tx(2), Rx(4)

“oK=1,x=2

10 5 o
SNR (8]





image16.png
Throughput [Mbits/s]

MCS(QAM64,0.75), PRB(16), CDL_B(100 ns), Tx(2), Rx(4)

“oK=1,x=2

0 5 1
SNR (8]





image17.png
Throughput [Mbits/s]

MCS(QAM16,0.5), PRB(32), CDL_B(100 ns), Tx(2), Rx(4)

“oK=1,x=2

10 5 o 5
SNR (8]




image18.png
Throughput [Mbits/s]

MCS(QAM64,0.75), PRB(32), CDL_B(100 ns), Tx(2), Rx(4)

“oK=1,x=2

3 X X X X % X X X

SNR (8]





image19.png
Interval 0 Interval 1

M

—>
DFT samples




image20.png
T Data sample

T PTRS sample




image21.png
ssssssssss




image22.png
Throughput [Mbits/s]

MCS(16), PRB(2), CDL_B(100 ns), Tx(4), Rx(2)

05

—o—tme: 1 freq: 1
- time: 1 freq: 172
o time: 112, freq: 1
- - time: 112, freg: 112
i time: 114, freq: 1
- time: 114, req: 112
—+—PTRS OFF

a2

SNR (8]





image23.png
Throughput [Mbits/s]

MCS(16), PRB(4), CDL_B(100 ns), Tx(4), Rx(2)

35

- - time:

—o—time:
- - time:
- time:
—o—time:
- time:
time:

- time:

1 freq
i1 freq:
1 . freq
12 freq
112, freq
112, freq
: 14, freq
: 14, freq
14, freq

1

1

12
14

1
1

—o— time: :
12
14

:
7

& PTRS OFF

2
4

10
SNR (8]





image24.png
Throughput [Mbits/s]

MCS(16), PRB(8), CDL_B(100 ns), Tx(4), Rx(2)

—>—PTRS OFF

1 feq
i1 freq: 112
1 freq: 1/4
i1 freq: 118

112, freq: 1
112, freq: 172
112, freq: 114
O time: 112, freq: 118

o time: 14, freq: 1
—e—time: 114, freq: 112
time: 114, freq: 114
o time: 104, freq: 118

48 46 A4 12 0 8 B
SNR (8]





image25.png
MCS(16), PRB(16), CDL_B(100 ns), Tx(4), Rx(2)

Throughput [Mbits/s]

freq: 1

—>—PTRS OFF

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1

112, freq: 112
112, freq: 114
O time: 112, freq: 118
o time: 14, freq:
—e—time: 114, freq: 112
time: 114, freq: 114
o time: 104, freq: 118

48 46 A4 42 40 8 B
SNR (8]





image26.png
Throughput [Mbits/s]

MCS(16), PRB(32), CDL_B(100 ns), Tx(4), Rx(2)

40

—>—PTRS OFF

1 feq
i1 freq: 112
1 freq: 1/4
i1 freq: 118

112, freq: 1
112, freq: 112
112, freq: 114
O time: 112, freq: 118
o time: 14, freq:
- time: 14, freq: 112
—etime: 114, freq; 114
o time: 114, freq: 118

48 46 A4 12 0 8 B
SNR (8]





image27.png
Throughput [Mbits/s]

MCS(16), PRB(64), CDL_B(100 ns), Tx(4), Rx(2)

o 1 freq:1
11 freq: 112
0 1 freq: 1/4
1 freq: 118
112, freq: 1
60 112, req: 172 ,
e time: 112, req: 114 T
- time: 112, re: 1/8
S0 |~ time: 1/, freq: 1
- time: 14, freq: 172
—etime: 114, freq; 114
A0 o time: 14, freq: 118
—&—PTRS OFF
30
2
0
N . .
20 a8 4 a4 a2 0 8 & 4 2 o

SNR [dB]




image28.png
Throughput (Mbits/s]

25

05

MCS(18), PRB(2), CDL_B(100 ns), Tx(4), Rx(2)

—o—tme: 1 freq:
- time: 1 freq: 172
e time: 112, freq: 1
- - time: 112, freq: 112
o time: 114, freq: 1
- time: 114, req: 112
—+—PTRS OFF

SNR (8]





image29.png
MCS(18), PRB(4), CDL_B(100 ns), Tx(4), Rx(2)

5| [o-timert freqi1
- time: 1 freq: 112
ps| eime 1 freq: 14
—time: 112, freq; 1
- time: 112, freq: 112
AT e time: 112, freq: 114
o time: 114, freq: 1
BS - time: 114, freq: 12
time: 114, freq: 114
3 > PTRS OFF

Throughput [Mbits/s)

5 0 5
SNR (8]




image30.png
Throughput [Mbits/s]

MCS(18), PRB(8), CDL_B(100 ns), Tx(4), Rx(2)

1 freq
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1
112, freq: 112
112, freq: 114
112, freq: 118
14, freq: 1
14, freq: 112
: 14, freq: 114
: 14, freq: 118
—>—PTRS OFF

5 0
SNR (8]





image31.png
Throughput [Mbits/s]

MCS(18), PRB(16), CDL_B(100 ns), Tx(4), Rx(2)

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1
112, freq: 1
112, freq:
112, freq
14, freq:
14, freq: 112
: 14, freq: 114
: 14, freq: 118
—>—PTRS OFF

2
n
8

5 o
SNR (8]





image32.png
Throughput [Mbits/s]

MCS(18), PRB(32), CDL_B(100 ns), Tx(4), Rx(2)

—o—time: 1 freq: 1
- time: 1 freq: 112
L froq: 1/4
. froq: 1/8
—o—time: 112, freq: 1
- time: 112, freq: 112
—e—time: 112, freq: 114
O time: 112, freq: 118
o time: 14, freq: 1
- time: 14, freq: 112
time: 114, freq: 114
o time: 104, freq: 118
—>—PTRS OFF

SNR (8]





image33.png
Throughput [Mbits/s]

MCS(18), PRB(64), COL_B(100 ns), Tx(4), Rx(2)

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq
412, freq: 1
112, freq:
O time: 112, freq
o time: 14, freq:
- time: 14, freq: 112
time: 114, freq: 114
40| |0 time: 14, freq: 1/8
—>—PTRS OFF

2
n
8

5 0
SNR(dB]





image34.png
Throughput [Mbits/s]

MCS(28), PRB(2), CDL_B(100 ns), Tx(4), Rx(2)

—o—tme: 1 freq: 1
- time: 1 freq: 172
e time: 112, freq: 1
- - time: 112, freg: 112
o time: 114, freq: 1 S
- time: 114, req: 112
—+—PTRS OFF

SNR (8]




image35.png
Throughput [Mbits/s]

MCS(28), PRB(4), CDL_B(100 ns), Tx(4), Rx(2)

—o—time: 1 freq: 1
- time: 1 freq: 112
+-time: 1 . freq: 1/4
10| ~e=time: 112, freq: 1
- - time: 112, freq: 112
e time: 112, req: 114
o time: 114, freq
B time: 14, freq: 112
time: 114, freq: 114
—>—PTRS OFF

SNR (8]




image36.png
Throughput [Mbits/s]

MCS(28), PRB(8), CDL_B(100 ns), Tx(4), Rx(2)

1 freq:1
- time: 1, freq: 1/2
1

- - time:
time:
o time:

—>—PTRS OFF

14, freq: 112
: 14, freq: 114
: 14, freq: 118

SNR (8]





image37.png
Throughput [Mbits/s]

MCS(28), PRB(16), CDL_B(100 ns), Tx(4), Rx(2)

freq: 1

—>—PTRS OFF

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1
112, freq: 112
112, freq: 114
112, freq: 118
: 14, freq
14, freq: 112
: 14, freq: 114
: 14, freq: 118

SNR (8]





image38.png
Throughput [Mbits/s]

MCS(28), PRB(32), CDL_B(100 ns), Tx(4), Rx(2)

freq: 1

—>—PTRS OFF

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1

112, freq: 112
112, freq: 114
O time: 112, freq: 118
o time: 14, freq:
- time: 14, freq: 112
time: 114, freq: 114
o time: 104, freq: 118

SNR (8]





image39.png
MCS(28), PRB(64), CDL_B(100 ns), Tx(4), Rx(2)

1 freq
e 21 freq
1 L ireq
160 21 freq
112, req
0 - 112, req
112, req
= O time: 12, req
£ 100 o time: 114, req:
2| time: 1, req:
510 time: 1/, freq
£ o time: 14, req
2 go| > PTRS OFF
£

i1

12
14
18
1

12
14
8
1

12
14
18

SNR (8]





image40.png
Throughput [Mbits/s]

MCS(16), PRB(2), CDL_B(100 ns), Tx(4), Rx(2)

—o—time: 1 freq: 1
45| - time:1 | freq: 112
—e—time: 112, freq: 1
- time: 112, freq; 112
—o—time: 114, freq: 1
- time: 114, freq: 112
35| ——PTRS OFF

20 48 6 4 a2 0 8 B
SNR (8]





image41.png
Throughput [Mbits/s]

MCS(16), PRB(4), CDL_B(100 ns), Tx(4), Rx(2)

—o—tme: 1, freq: 1

& PTRS OFF

- time: 1 freq: 112
+-time: 1 . freq: 1/4
—e—time: 112, freq; 1

- - time: 112, freq: 112
e time: 112, req: 114
—e—time: 114, freq: 1

- time: 114, req: 112
time: 114, freq: 114

SNR (8]





image42.png
Throughput [Mbits/s]

MCS(16), PRB(8), CDL_B(100 ns), Tx(4), Rx(2)

1
i1 freq:
1. freq
i1 freq:
112, freq
112, freq
112, freq:
O time: 112, freq

o time: 114, freq:
~e—time: 114, freq:

time: 1/4, freq,
O time: 114, freq:

—>—PTRS OFF

i1

12
14
18
1

12
14
8
1

12
14
18

10
SNR (8]





image43.png
Throughput [Mbits/s]

MCS(16), PRB(16), CDL_B(100 ns), Tx(4), Rx(2)

a0

1
i1 freq:
1. freq
i1 freq:
112, freq
112, freq
112, freq:
O time: 112, freq

o time: 114, freq:
—e—time: 114, freq:

time: 1/4, freq,
O time: 114, freq:

—>—PTRS OFF

i1

12
14
18
1

12
14
8
1

12
14
18

kR

10
SNR (8]





image44.png
Throughput [Mbits/s]

MCS(16), PRB(32), CDL_B(100 ns), Tx(4), Rx(2)

0 1 feq
11 freq: 112
0 1 freq: 1/4
i1 freq: 118
112, freq: 1
) 112, req: 172
: 112, rect: 1/4
- time: 112, re: 1/8
50| |~ time: 1/, freq: 1
- time: 14, freq: 172
—etime: 114, freq; 114
A0 o time: 14, freq: 118
—&—PTRS OFF
30
20
0
N . .
20 a8 4 a4 a2 0 8 & 4 2

SNR (8]





image45.png
Throughput [Mbits/s]

MCS(16), PRB(64), CDL_B(100 ns), Tx(4), Rx(2)

180

140

a0

—o—time:
- - time:

o time:
& time:
o time:
- - time:
e time:
o time:
—>—PTRS OFF

—o— time:

- - time:

- time:
0 time:

1
1 freq
1. freq
1 . freq
112, freq
112, freq
112, freq
112, freq
114, freq

114, freq:

114, freq
114, freq

i1

12
14
18
1

12
14
8

12
14
18

kR

10
SNR (8]

S





image46.png
Throughput (Mbits/s]

35

25

MCS(18), PRB(2), CDL_B(100 ns), Tx(4), Rx(2)

—o— time:
- - time: 1, freq;
o time: 112, freq:
- time: 112, freq:
o time: 114, freq:
- time: 114, freq:
—&—PTRS OFF

1 freq

5
SNR (8]




image47.png
Throughput [Mbits/s]

MCS(18), PRB(4), CDL_B(100 ns), Tx(4), Rx(2)

Jo| [Fotmert reqit
- time: 1 freq: 172
+-time: 1 . freq: 1/4
BT —a—time: 122, freq: 1
- time: 112, freq: 112
s

- time: 112, freq: 114
o time: 114, freq: 1

T time: 14, freq: 112
time: 114, freq: 114
6 —>—PTRS OFF

SNR (8]





image48.png
MCS(18), PRB(8), CDL_B(100 ns), Tx(4), Rx(2)

1 freq §
20 21 freq: 112
1 freq: 1/4
® w1 freq: 1/8,
112, freq: 1
16 - 112, frec: 1/2 7
: 112, rect: 1/4
g1 : 112, rec: 1/8
K : 1/, freq: 1
212 114, freq: 112
Fl : 14, freq: 114
£ : 14, freq: 118
g | —>—PTRSOFF
£

SNR (8]




image49.png
Throughput [Mbits/s]

a0

MCS(18), PRB(16), CDL_B(100 ns), Tx(4), Rx(2)

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq
112, freq: 1
112, freq:
112, freq
14, freq:
14, freq: 112
: 14, freq: 114
: 14, freq: 118
—>—PTRS OFF

2
n
8

5 0
SNR (8]





image50.png
Throughput [Mbits/s]

MCS(18), PRB(32), CDL_B(100 ns), Tx(4), Rx(2)

—>—PTRS OFF

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq
112, freq: 1
112, freq:
112, freq
14, freq:
14, freq: 112
: 14, freq: 114
o time: 104, freq: 118

2
n
8

5 0
SNR (8]





image51.png
Throughput [Mbits/s]

180

140

40

MCS(18), PRB(64), COL_B(100 ns), Tx(4), Rx(2)

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq
412, freq: 1
112, freq:
112, freq
: 14, freq
14, freq: 112
: 14, freq: 114
o time: 104, freq: 118
—>—PTRS OFF

2
n
8

5 o
SNR (8]





image52.png
Throughput [Mbits/s]

MCS(28), PRB(2), CDL_B(100 ns), Tx(4), Rx(2)

—o—tme: 1 freq: 1
- time: 1 freq: 172
e time: 112, freq: 1
- - time: 112, freq: 112
o time: 114, freq: 1
- time: 114, req: 112
—+—PTRS OFF

SNR (8]





image53.png
Throughput [Mbits/s]

MCS(28), PRB(4), CDL_B(100 ns), Tx(4), Rx(2)

& PTRS OFF

1 freq
- time: 1 freq: 112
i1 freq: 114
12 fre: 1

112, freq: 112
112, freq: 114
: 14, freq
: 14, freq: 1
: 14, freq: 1

2
4

SNR (8]





image54.png
Throughput [Mbits/s]

s

MCS(28), PRB(8), CDL_B(100 ns), Tx(4), Rx(2)

—>—PTRS OFF

1 freq
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1
112, freq: 172
112, freq: 114
112, freq: 118
14, freq: 1
14, freq: 112
: 14, freq: 114
: 14, freq: 118

SNR (8]





image55.png
MCS(28), PRB(16), CDL_B(100 ns), Tx(4), Rx(2)

—o— time:
901 |- - time:
- time:
80| -0~ time:
—o—time:
0| —e—time:

o time:

& time:
o time:
- - time:
time:
o time:

Throughput [Mbits/s]

—>—PTRS OFF

1 freq
1 freq: 112
1 freq: 1/4
1 freq: 118
112, freq: 1

112, freq: 112
112, freq: 114
112, freq: 118
104, freq: 1

114, freq: 112
114, freq: 1/4
114, freq: 1/8

SNR (8]





image56.png
180

160

Throughput [Mbits/s]

MCS(28), PRB(32), CDL_B(100 ns), Tx(4), Rx(2)

- time: /4, freq;
time: 1/4, freq,
O time: 114, freq:

1

12
14
18

—>—PTRS OFF

SNR (8]





image57.png
350

300

Throughput [Mbits/s]

100

MCS(28), PRB(64), CDL_B(100 ns), Tx(4), Rx(2)

—o— time:

- - time:
- time:
0 time:
—o—time:
- - time:
o time:
—otime:
o time:
- - time:
time:
o time:

—>—PTRS OFF

1 freq
1 freq: 112
1 freq: 1/4
1 freq: 118
112, freq: 1

112, freq: 112
112, freq: 114
112, freq: 118
104, freq: 1

114, freq: 112
114, freq: 1/4
114, freq: 1/8

SNR (8]




image58.png
Throughput [Mbits!s]

MCS(QPSK,0.5), PRB(2), TDL_A(100 ns), Tx(1), Rx(1)

o8-

o8-

02+

—>—PTRS OFF
—o—pre DFT , density 1
- - pre DFT , density 112
——post DFT , density 1
- - post DFT , density 12

10

SNR [dB]

15

20

2

20




image59.png
MCS(QPSK,0.5), PRB(4), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

2|~ pre DFT , density 1

-« pre DFT  density 12
- pre DFT , density 1/4
——post DFT , density 1

Throughput [Mbits/s]

0 15 20 2 30
SNR [dB]




image60.png
Throughput [Mbits/s]

MCS(QPSK,0.5), PRB(8), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112
-~ pre DFT , density 114

0 pre DFT , density 1/8

——post DFT , density 1

- - post DFT , density 172

post DFT , density 1/4

9 post DFT , density 1/8

a5+

05

0 15 20 2 30
SNR [dB]




image61.png
Throughput [Mbits/s]

MCS(QPSK,0.5), PRB(16), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

——pre DFT , density 1

- - pre DFT , density 112

- pre DFT , density 114
0 pre DFT , density 1/8

——post DFT , density 1

6| |- postDFT , density 112

post DFT , density 1/4

9 post DFT , density 1/8

10

SNR [dB]

15

20

2

20




image62.png
Throughput [Mbits/s]

MCS(QPSK,0.5), PRB(32), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112

- pre DFT , density 114
0 pre DFT , density 1/8

——post DFT , density 1

- - post DFT , density 172

post DFT , density 1/4

9 post DFT , density 1/8

3 5 0 15 20
SNR [dB]

2

20




image63.png
Throughput [Mbits/s]

MCS(QPSK,0.5), PRB(64), TDL_A(100 ns), Tx(1), Rx(1)

s

—>—PTRS OFF

——pre DFT , density 1
304 |- % pre DFT, density 12

0 pre DFT , density 1/8

-+~ pre DFT , density 1/4
45 | ~&posLDFT , density 1

- - post DFT , density 172

- postOFT . donsity 14 |/ |

9 post DFT , density 1/8 [ /
20r

4

5
10
sk
5 0 5 10 15 20 2 £

SNR [dB]




image64.png
Throughput [Mbits/s]

MCS(QAM16,0.66667), PRB(2), TDL_A(100 ns), Tx(1), Rx(1)

25+

05—

—>—PTRS OFF
—o—pre DFT , density 1
- - pre DFT , density 112
——post DFT , density 1
- - post DFT , density 112

SNR [dB]





image65.png
Throughput [Mbits/s]

MCS(QAM16,0.66667), PRB(4), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF
—o—pre DFT , density 1

-« pre DFT  density 12
-+~ pre DFT , density 114

a5

SNR [dB]




image66.png
Throughput [Mbits/s]

MCS(QAM16,0.66667), PRB(8), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112

- pre DFT , density 114
0 pre DFT , density 1/8

—6—post DFT , density 1

- - post DFT , density 172

post DFT , density 1/4

9 post DFT , density 1/8

SNR [dB]





image67.png
Throughput [Mbits/s]

MCS(QAN16,0.66667), PRB(16), TOL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF
—o—pre DFT , density 1
- - pre DFT , density 112
-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8
——post DFT , density 1
5| |~ % postDFT  density 172
post DFT , density 1/4
9 post DFT , density 1/8

SNR [dB]




image68.png
Throughput [Mbits/s]

MCS(QAM16,0.66667), PRB(32), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF
—o—pre DFT , density 1
- - pre DFT , density 112
-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8
——post DFT , density 1
30+ |- * postDFT , density 1/2
post DFT , density 1/4
9 post DFT , density 1/8

a0

SNR [dB]





image69.png
Throughput [Mbits/s]

MCS(QAN16,0.66667), PRB(64), TOL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

80 | ~o—pre DFT , density 1
- - pre DFT , density 112
-+~ pre DFT , density 114

7070 pre DFT , density 1/8
——post DFT , density 1

60— |- %~ post DFT, density 112

post DFT , density 1/4

9 post DFT , density 1/8

50

a0-

a0

20-

10

5 0 5 0 15 20 2 30

SNR [dB]




image70.png
Throughput [Mbits/s]

MCS(QAM16,0.75), PRB(2), TDL_A(100 ns), Tx(1), Rx(1)

25-

05+

—>—PTRS OFF
—o—pre DFT , density 1
- - pre DFT , density 112
—o—post DFT , density 1
- % postDFT , density 172

SNR [dB]





image71.png
Throughput [Mbits/s]

MCS(QAM16,0.75), PRB(4), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF
—o—pre DFT , density 1

-« pre DFT  density 12
- pre DFT , density 1/4

SNR [dB]




image72.png
Throughput [Mbits/s]

MCS(QAM16,0.75), PRB(8), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112

-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8

——post DFT , density 1

- - post DFT , density 172

post DFT , density 1/4

9 post DFT , density 1/8

SNR [dB]





image73.png
Throughput [Mbits/s]

MCS(QAM16,0.75), PRB(16), TDL_A(100 ns), Tx(1), Rx(1)

5=

—>—PTRS OFF
—o—pre DFT , density 1
- - pre DFT , density 112
-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8
——post DFT , density 1
- - post DFT , density 172
post DFT , density 1/4
9 post DFT , density 1/8

SNR [dB]

25

20




image74.png
Throughput [Mbits/s]

MCS(QAM16,0.75), PRB(32), TDL_A(100 ns), Tx(1), Rx(1)

45 - [—>—PTRS OFF
—o—pre DFT , density 1
4o | Pre DFT, density 172
-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8
35| ~o—post DFT , density 1
- - post DFT , density 172
30| |~*-post DFT , density 1/4
9 post DFT , density 1/8
X
20
5
0-
sk
5 0 5 ko) 15 20 2 20

SNR [dB]




image75.png
MCS(QAM16,0.75), PRB(64), TDL_A(100 ns), Tx(1), Rx(1)

90 | —>—PTRS OFF
- - pre DFT , density 112
50 pre DFT , density 1/4
O pre DFT , density 1/8
—o—pre DFT , density 1
707 | —e—post DFT, density 1
- - post DFT , density 112
7 post DFT , density 1/4
E71 o postDFT  densiy 16
E
H
240
£
0~
20
10
5 0 5

SNR [dB]




image76.png
Throughput [Mbits/s]

MCS(QAM64,0.75), PRB(2), TDL_A(100 ns), Tx(1), Rx(1)

35| [~>—PTRS OFF
5 pre DFT . density 1

- - pre DFT , density 112
3| |—o—post DFT, density 1

- - post DFT , density 112

05

5 0 5 10 15 20 25 30
SNR [0B]




image77.png
MCS(QAM64,0.75), PRB(4), TDL_A(100 ns), Tx(1), Rx(1)

H
H
H
g
£

4

a-

—>—PTRS OFF
—o—pre DFT , density 1

- - pre DFT , density 112
-4~ pre DFT , density 114

SNR [dB]




image78.png
Throughput [Mbits/s]

MCS(QAM64,0.75), PRB(8), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112

-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8

——post DFT , density 1

- - post DFT , density 172

-4 post DFT , density 1/4
9 post DFT , density 1/8

SNR [dB]





image79.png
Throughput [Mbits/s]

MCS(QAM64,0.75), PRB(16), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112

-+~ pre DFT , density 114
O pre DFT , density 1/8

o~ post DFT , density 1

- - post DFT , density 1/2
~#--post DFT , density 1/4
9 post DFT , density 1/8

SNR [dB]





image80.png
Throughput [Mbits/s]

MCS(QAM64,0.75), PRB(32), TDL_A(100 ns), Tx(1), Rx(1)

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112

-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8

——post DFT , density 1

- - post DFT , density 172

20-
~#--post DFT , density 1/4
9 post DFT , density 1/8
15
10r
5o
5 0 5 10

SNR [dB]





image81.png
Throughput [Mbits/s]

MCS(QAM64,0.75), PRB(64), TDL_A(100 ns), Tx(1), Rx(1)

25

20+

—>—PTRS OFF

—o—pre DFT , density 1

- - pre DFT , density 112

-4~ pre DFT , density 1/4.
0 pre DFT , density 1/8

——post DFT , density 1

- - post DFT , density 172

-4 post DFT , density 1/4
9 post DFT , density 1/8

SNR [dB]





