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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Since RAN1#101-e meeting, the evaluation assumptions of Link Level Simulation have been discussed, and more specific conditions of the detailed parameters was determined in RAN1#104b-e meeting [1]. In RAN1#104b-e meeting, an agreement was made such that the simulation results under not-optional should be discussed first. To this end, simulation results under non-optional assumptions, including the TDL channels, are additionally provided.
[bookmark: _Ref167612881]Evaluation assumptions and results
Evaluation assumptions
Table 1. Evaluation assumptions of PDSCH/PUSCH simulation
	Assumptions
	Value

	
	CP-OFDM
	DFT-s-OFDM

	Carrier frequency
	60 GHz 

	Duplexing 
	TDD

	Numerology
	[120 kHz, 480 kHz, 960 kHz]

	Channel
	TDL-A@10ns, CDL-B@20ns, CDL-B@50ns, CDL-D@20ns, CDL-D@30ns

	Antenna Configuration (Mg,Ng,M,N,P)
	TDL: 2*2
CDL: Configuration 2
- (Mg,Ng,M,N,P) = (1,1,4,8,2) BS with (0.5 dv, 0.5 dH)
- (Mg,Ng,M,N,P) = (1,1,2,2,2) UE with (0.5 dv, 0.5 dH)

	PN model
	Example 2 phase noise model scaling to 60 GHz in 38.803

	Channel coding
	LDPC code

	frame structure
	2(PDCCH)/1(DMRS)/11(data+PTRS)

	System BW
	120 kHz: 400MHz@4096 FFT size
480 kHz: 1600MHz@4096 FFT size
960 kHz: 1960MHz@2048 FFT size

	Transmission BW
	120 kHz & 480 kHz: 256RB, 128RB, 64RB
960 kHz: 160RB, 128RB, 64RB
	120 kHz & 480 kHz: 256RB, 64RB
960 kHz: 160RB, 64RB

	TTI
	1 slot

	DMRS
	1/2 in frequency for each port
1 in frequency domain for each port

	PTRS
	TD: L=1
FD: 
· Rel-15 PTRS: K=4; 
· Block PTRS: (CN,CS) = (1,64),(1,41),(1,33),(1,32),(1,17)
	TD among DFT-s-OFDM symbols: L=1
PTRS pattern  within DFT-s-OFDM symbol:
()=(8,4), (16,2), (16,4) for 256RB and 160RB
()=(4,4), (8,4) for 64RB

	Receiver 
	CPE compensation or ICI compensation
	Interpolation among PTRS groups

	Channel estimation 
	Realistic



Simulation results
DMRS
For the new settings of the SCS value, the symbol duration becomes shorter, and hence there might be a degradation in accuracy of channel estimation. To address this issue, we propose the following DMRS pattern for a multi-slot PDSCH: more than one or even all DMRS symbols of the given multi-slot PDSCH can be sent at the beginning of the multi-slot PDSCH. The proposed scheme is referred to as the bundling pattern. Note that there will be no extra time-domain overhead of the bundling pattern compared with that of the traditional DMRS pattern. Evaluation results, as shown in Figure 1, are the BLER performance comparison between the traditional DMRS pattern and the bundling pattern. More specifically, for the traditional DMRS pattern, there is one and only one FL DMRS symbol in each slot, and the channel is estimated independently among slots. Meanwhile, for the bundling pattern, 4 DMRS symbols are mapped on the four consecutive symbols of the first slot per 4 slots of 480 kHz, and 8 DMRS symbols are mapped on the eight consecutive symbols of the first slot per 8 slots of 960 kHz. In this case, the channel is estimated based on all the consecutive DMRS symbols per 4 (or 8) slots jointly. In the figures, traditional DMRS pattern are denoted by “Pat(a)+independent”, while bundling DMRS is denoted by “Pat(b)+joint”.
From Figure 1, we can see that the bundling DMRS improves the BLER performance of all the simulation cases, with 0.2~0.6dB gain.
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[bookmark: _Ref67493911]Figure 1. BLER performance comparison of different DMRS patterns in time domain for 480 kHz and 960 kHz in different channel scenarios
Observation 1: Bundling DMRS, such that the DMRS symbols of a multi-slot PDSCH are mapped to consecutive symbols at the beginning of the first PDSCH slot, can improve channel estimation accuracy and in turn system performance with no extra overhead compared to  current DMRS pattern defined in FR2-1, such that DMRS are mapped per slot.
PTRS
In this section, PTRS of CP-OFDM in PDSCH and PTRS of DFT-S OFDM in PUSCH are discussed.
PTRS for CP-OFDM
For ICI compensation, block PTRS with a new sequence is proposed in [3], especially for the case in which power boosting is enabled. As analyzed in [3], power boosting cannot work effectively for the distributed PTRS. This is because that most of the received signal used to estimate ICI coefficients are from unknown data signal whose power are not boosted. However, it can be addressed by applying block PTRS, due to the fact that most of the received signal used to estimate ICI coefficients are from PTRS with power boosted.
To evaluate the performance benefit of block PTRS for ICI estimation, simulations with different settings of MCS, SCS, and scheduled bandwidth are presented. In the evaluations, every K-th (K=4) RB is used as a baseline (i.e., Rel-15 PTRS). In addition, (CN, CS) is applied to block PTRS, where CN denotes the number of blocks per OFDM symbol, and CS denotes the PTRS block size. The detailed design of (CN, CS) can be found in Table 2. Furthermore, the block is mapped to the middle of each sub-band, whose size is determined by the block number. Algorithm 1 (also referred to as Alg-1 for short), the direct algorithm discussed in [2], is applied to Rel-15 PTRS. For block PTRS, both Algorithm 1 and Algorithm 2 (proposed in [3] with lower complexity, and denoted by Alg-2) are evaluated. 
[bookmark: _Ref68169336]Table 2. Length of base sequence and circular sequence for block PTRS
	Block size M
	65
	65
	64
	41
	41
	33
	33
	17
	17

	ICI order estimated
	7
	5
	5
	5
	3
	5
	3
	5
	3

	Length of base sequence L
	59
	61
	59
	37
	37
	29
	31
	13
	13

	Length of head circular sequence q
	3
	2
	2
	2
	2
	2
	1
	2
	2

	Length of tail circular sequence p
	3
	2
	3
	2
	2
	2
	1
	2
	2



Power boosting is applied to both PTRS patterns. Therefore, the average power of an OFDM symbol with block PTRS is a little higher than that of Rel-15 PTRS. When taking an assumption that the average power per RE is 1, then the total power of an OFDM symbol with two PTRS patterns are shown in the Table 3. From the table, we can see that the power difference between two PTRS patterns are so small to assume that the average power per OFDM symbol are same.
Table 3. Average power of an OFDM symbol with two PTRS patterns when power boosting value is 3dB
	RB
	Average power of an OFDM symbol with Rel-15 PTRS (P1)
	Average power of an OFDM symbol with block PTRS (P2)
	P2/P1*100%

	64
	784
	785
	100.13%

	128
	1568
	1569
	100.06%

	160
	1960
	1961
	100.05%

	256
	3136
	3137
	100.03%



The results are shown from Figure 2 to Figure 10. As can be observed from the results, with power boosting, the demodulation SNR of BLER at 1% and 10% for block PTRS are lower than that of Rel-15 PTRS for almost all cases, especially when the scheduled bandwidth is 64RB: 
(1) With 256RB and 120 kHz or 480 kHz, the block PTRS using either algorithm performs slightly better than the distributed PTRS. The gains are about {0.3~0.5dB, 0.2dB, 0.1dB} for TDL-A, CDL-B, and CDL-D, respectively; 
(2) With 160RB and 960 kHz, the block PTRS provides about {0.4~0.5dB, 0.5dB, 0.2~0.3dB} gains for TDL-A, CDL-B, and CDL-D, respectively; 
(3) With 128RB, the gains of the block PTRS are {0.6~0.8dB, 0.4~0.6dB, 0.2~0.4dB} for TDL-A, CDL-B, and CDL-D, respectively; 
(4) With 64RB, the gains of the block PTRS are uniformly larger than those with other settings, especially for high MCS or for TDL-A. Specifically, for TDL-A and MCS22, the gains for 120 kHz, 480 kHz, and 960 kHz are about {3dB, 1.5dB, 1.8dB}, respectively. For MCS26 and CDL channels, the gains are about {0.8~1.6dB, 1~1.8dB} for 480 kHz and 960 kHz, respectively. In addition, for MCS22 and 120 kHz, the gains are also considerable for CDL channels, which are about 0.8~1.5dB. 
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[bookmark: _Ref67496596]Figure 2. BLER and SE performance comparison of different PTRS patterns for 120 kHz with 256RB, power boosting and same average power per OFDM symbol
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Figure 3. BLER and SE performance comparison of different PTRS patterns for 120 kHz with 128RB, power boosting and same average power per OFDM symbol
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Figure 4. BLER and SE performance comparison of different PTRS patterns for 120 kHz with 64RB, power boosting and same average power per OFDM symbol
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Figure 5. BLER and SE performance comparison of different PTRS patterns for 480 kHz with 256RB, power boosting and same average power per OFDM symbol
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Figure 6. BLER and SE performance comparison of different PTRS patterns for 480 kHz with 128RB, power boosting and same average power per OFDM symbol
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Figure 7. BLER and SE performance comparison of different PTRS patterns for 480 kHz with 64RB, power boosting and same average power per OFDM symbol
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Figure 8. BLER and SE performance comparison of different PTRS patterns for 960 kHz with 160RB, power boosting and same average power per OFDM symbol
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Figure 9. BLER and SE performance comparison of different PTRS patterns for 960 kHz with 128RB, power boosting and same average power per OFDM symbol
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[bookmark: _Ref68382571]Figure 10. BLER and SE performance comparison of different PTRS patterns for 960 kHz with 64RB,  power boosting and same average power per OFDM symbol
Observation 2: With power boosting, the BLER and SE performance is significantly improved by block PTRS. The demodulation SNR of BLER at 10% and 1% of the block PTRS are lower than those of Rel-15 PTRS for almost all cases. The improvement is especially significant when the scheduled bandwidth is 64RB.
Since power boosting doesn’t provide any performance benefit for distributed PTRS, additional evaluations with normalized power per OFDM symbol between two PTRS patterns are simulated. In these simulations, average power per RE for both PTRS patterns are “1”. Power boosting is only set for block PTRS, and the power of corresponding data is reduced to keep the average power per OFDM symbol same as that of distributed PTRS. From the results shown in Figure 11 to Figure 13, we can see, block PTRS performs better than distributed PTRS under almost all the cases, except the case with 120 kHz and 256RB.
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[bookmark: _Ref79142644]Figure 11. BLER and SE performance comparison of different PTRS patterns for 120 kHz and normalized power per OFDM symbol
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Figure 12. BLER and SE performance comparison of different PTRS patterns for 480 kHz and normalized power per OFDM symbol
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[bookmark: _Ref79142653]Figure 13. BLER and SE performance comparison of different PTRS patterns for 960 kHz and normalized power per OFDM symbol
PTRS for DFT-s-OFDM
[bookmark: OLE_LINK23]The evaluation results of PTRS for DFT-s-OFDM are shown in details in this section. As discussed in [4], the PTRS pattern of DFT-s-OFDM defined in Rel-15 is insufficient when a wide scheduled bandwidth and a high scheduled MCS are applied due to the long interpolation range between two adjacent PTRS groups. As a solution to this problem, a new PTRS pattern is proposed. To clarify the influence of PTRS samples per PTRS group, we set (CN, CS) = (8, 4) as a baseline, set  (CN, CS) = (16, 2) with no extra overhead which has more PTRS groups and fewer PTRS samples per PTRS group, and set (CN, CS) = (16, 4) for the case with more PTRS groups and same PTRS samples per PTRS group. Denote  and  by the CN and the CS, respectively.
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[bookmark: _Ref421869718][bookmark: _Ref67335226][bookmark: OLE_LINK26]Figure 14. BLER performance comparison of different PTRS patterns for 120 kHz
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[bookmark: OLE_LINK29]Figure 15. BLER performance comparison of different PTRS patterns for 480 kHz
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[bookmark: _Ref67335271][bookmark: OLE_LINK13]Figure 16. BLER performance comparison of different PTRS patterns for 960 kHz
[bookmark: OLE_LINK11][bookmark: OLE_LINK18]From Figure 14 to Figure 16, we can see that the new pattern provides significant gains for high MCS for different SCSs and different channels. More specifically, compared with half of the interpolation range of pattern (CN, CS) = (8, 4), the new pattern (CN, CS) = (16, 2) improves the BLER floor at least one order of magnitude. For medium MCS, the performance of the new pattern is almost the same as that of pattern (CN, CS) = (8, 4). This is because of the worse noise reduction performance with only 2 PTRS samples per PTRS group at medium SNR region, which counteracts the gain introduced by shorter interpolation range.
Observation 3: Simulation results for DFT-s-OFDM with different PTRS patterns show that, if the pattern defined in Rel-15 is used, the BLER performances of 120 kHz, 480 kHz, and 960 kHz for MCS26 reach floors above 10-2 due to longer interpolation range. BLER performance can be improved by using a new pattern with more PTRS groups and the same overhead. 
As discussed in [3], due to the Rx timing shift, (at least part of) a PTRS group placed at the tail of the transmitter’s DFT-s-OFDM symbol, may wrap-around to the head of the symbol from the receiver’s perspective. As a result, there might be an unnecessarily increase in Rx complexity, as well as a deterioration in PN compensation performance. The BLER performances of DFT-s-OFDM PTRS with different Rx advance shifts when the DFT-s-OFDM’s tail includes PTRS groups are shown as followed.
[bookmark: OLE_LINK42]The location 0 denotes the existed PTRS location defined in Rel.15. Z% indicates the Rx advance shift percentage of the CP duration. CN and CS denote  and , respectively. 
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[bookmark: _Ref67338407][bookmark: OLE_LINK36]Figure 17. BLER performance comparison of different Rx advance shifts (0%, 10%, 20%) for 120 kHz
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Figure 18. BLER performance comparison of different Rx advance shifts (0%, 10%, 20%) for 480 kHz
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[bookmark: _Ref67338424]Figure 19. BLER performance comparison of different Rx advance shifts (0%, 10%, 20%) for 960 kHz
[bookmark: OLE_LINK25][bookmark: OLE_LINK39]From Figure 17 to Figure 19, the system performance decreases with the Rx advance shift for different SCS and different Channel, especially with high MCS. As aforementioned, the Rx advance shift leads to PTRS group placed at the tail of the transmitter’s DFT-s-OFDM symbol wrapping-around to the head of the symbol from the receiver’s perspective, and thus deteriorates Phase Noise compensation performance of PTRS.
[bookmark: OLE_LINK38]Observation 4: Simulation results for DFT-s-OFDM with different Rx advance shifts show that, if the PTRS location defined in Rel-15 is used, BLER performance of 120 kHz, 480 kHz and 960 kHz are decreased when equals to 4, especially for high MCS, due to a worse PN compensation caused by the Rx timing shift. 
To solve the problem, a new PTRS location, such that all PTRS groups are allocated in the middle of each interval, is presented for the case in which  equals to 4. . By doing so, even if there is an Rx advance shift, the PTRS group will not wrap-around to the head of the symbol and hence influence Phase Noise compensation performance. The BLER performance comparison of different PTRS locations with different Rx advance shifts for 120 kHz, 480 kHz, and 960 kHz are shown as followed. The location 0, again, denotes the existed PTRS location defined in Rel.15, while location 1 denotes the presented PTRS location. 
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]From the results of 120 kHz shown in Figure 17, we can see that [CN, CS] = [4, 4] is insufficient for high MCS such as MCS26. The simulation adopts [CN, CS] = [8, 4] for MCS26 and 120 kHz and [CN, CS] = [4, 4] for other settings.
[image: ]
[image: ][image: ]
[bookmark: _Ref67338636][bookmark: OLE_LINK37]Figure 20. BLER performance comparison of different PTRS locations with different Rx advance shifts (0%, 10%) for 120 kHz
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Figure 21. BLER performance comparison of different PTRS locations with different Rx advance shifts (0%, 10%) for 480 kHz
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Figure 22. BLER performance comparison of different PTRS locations with different Rx advance shifts (0%, 10%) for 960 kHz
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[bookmark: _Ref67338647]Figure 23. BLER performance comparison of different PTRS locations with different Rx advance shifts (0%, 10%, 20%) in different Channels for 120 kHz @ MCS22

From Figure 20 to Figure 23, we can see that, for different SCS and different Channel with different PTRS location and different Rx advance shift, the proposed PTRS location outperforms the existed PTRS location with considerable performance gains. For example, the BLER performance of the presented PTRS location for120 kHz, 480 kHz and 960 kHz with MCS26 reaches a floor above 10-2 due to 10% Rx advance shift. On the contrary, the BLER performance of the existed PTRS location with 10% Rx advance shift cannot even reach 10-1. 

Observation 5: Simulation results for DFT-s-OFDM with different PTRS locations and different Rx advance shifts show that, the proposed PTRS location, in the middle of each interval, can mitigate the influence on BLER performance caused by Rx advance timing shift. 

Conclusions
In this contribution, we have provided link level and system level simulation results for both licensed and unlicensed bands. Based on the discussion, we have the following proposals and observations: 
Observation 1: Bundling DMRS, such that the DMRS symbols of a multi-slot PDSCH are mapped to consecutive symbols at the beginning of the first PDSCH slot, can improve channel estimation accuracy and in turn system performance with no extra overhead compared to  current DMRS pattern defined in FR2-1, such that DMRS are mapped per slot.
Observation 2: With power boosting, the BLER and SE performance is significantly improved by block PTRS. The demodulation SNR of BLER at 10% and 1% of the block PTRS are lower than those of Rel-15 PTRS for almost all cases. The improvement is especially significant when the scheduled bandwidth is 64RB.
Observation 3: Simulation results for DFT-s-OFDM with different PTRS patterns show that, if the pattern defined in Rel-15 is used, the BLER performances of 120 kHz, 480 kHz, and 960 kHz for MCS26 reach floors above 10-2 due to longer interpolation range. BLER performance can be improved by using a new pattern with more PTRS groups and the same overhead. 
[bookmark: _GoBack]Observation 4: Simulation results for DFT-s-OFDM with different Rx advance shifts show that, if the PTRS location defined in Rel-15 is used, BLER performance of 120 kHz, 480 kHz and 960 kHz are decreased when equals to 4, especially for high MCS, due to a worse PN compensation caused by the Rx timing shift. 
Observation 5: Simulation results for DFT-s-OFDM with different PTRS locations and different Rx advance shifts show that, the proposed PTRS location, in the middle of each interval, can mitigate the influence on BLER performance caused by Rx advance timing shift. 
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Appendix A.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Table 4. SINR in dB achieving PDSCH BLER of 10% /1% with different DMRS pattern in time domain
	SCS,RB
	Channel
	DS
	MCS
	MCS7
	MCS16
	MCS22

	
	
	
	DMRS pattern
	Per slot
	bund
	Per slot
	bund
	Per slot
	bund

	480kHz, 256RB
	CDL-B
	20ns
	10%th
	3.111
	2.522
	11.28
	10.948
	16.733
	16.414

	
	
	
	1%th
	4.645
	4.071
	12.654
	12.44
	18.063
	17.775

	
	CDL-D
	20ns
	10%th
	-0.874
	-1.291
	6.61
	6.355
	11.683
	11.383

	
	
	
	1%th
	-0.012
	-0.797
	7.281
	7.057
	12.133
	11.864

	
	
	30ns
	10%th
	-0.873
	-1.291
	6.611
	6.356
	11.676
	11.383

	
	
	
	1%th
	-0.024
	-0.794
	7.303
	7.047
	12.15
	11.872

	960kHz,
160RB
	CDL-B
	20ns
	10%th
	3.991
	3.166
	11.606
	11.188
	17.566
	16.998

	
	
	
	1%th
	6.0
	7.0
	15
	14.262
	20.472
	19.911

	
	CDL-D
	20ns
	10%th
	0.367
	-0.227
	7.55
	7.197
	12.995
	12.528

	
	
	
	1%th
	1.336
	0.59
	8.184
	7.83
	13.667
	13.16

	
	
	30ns
	10%th
	0.379
	-0.189
	7.548
	7.201
	12.992
	12.528

	
	
	
	1%th
	1.321
	0.616
	8.184
	7.84
	13.663
	13.164


[bookmark: OLE_LINK35]
Table 5. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 256RB with power boosting
	SCS
	channel
	BLER
	MCS22

	
	
	
	K=4, ICI1
	[1,64] or [1,65], ICI1
	[1,64], ICI2

	120k
	TDL-A, 10ns
	0.1
	24.949
	24.63
	--

	
	
	0.01
	28.633
	28.21
	--

	
	CDL-B, 20ns
	0.1
	18.018
	17.802
	17.822

	
	
	0.01
	19.695
	19.317
	19.338

	
	CDL-B, 50ns
	0.1
	17.272
	17.009
	17.026

	
	
	0.01
	18.823
	18.39
	18.472

	
	CDL-D, 20ns
	0.1
	12.244
	12.123
	12.139

	
	
	0.01
	13
	12.867
	12.946

	
	CDL-D, 30ns
	0.1
	12.246
	12.116
	12.133

	
	
	0.01
	12.991
	12.892
	12.978

	480k
	TDL-A, 10ns
	0.1
	23.208
	22.955
	--

	
	
	0.01
	25.852
	25.312
	--

	
	CDL-B, 20ns
	0.1
	16.343
	16.086
	16.094

	
	
	0.01
	17.634
	17.345
	17.372

	
	CDL-B, 50ns
	0.1
	16.567
	16.264
	16.293

	
	
	0.01
	17.809
	17.498
	17.531

	
	CDL-D, 20ns
	0.1
	11.894
	11.797
	11.803

	
	
	0.01
	12.404
	12.282
	12.282

	
	CDL-D, 30ns
	0.1
	11.897
	11.792
	11.808

	
	
	0.01
	12.398
	12.269
	12.294



Table 6. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 160RB with power boosting
	SCS
	channel
	BLER
	MCS22
	MCS26

	
	
	
	K=4, ICI
	[1,41], ICI1
	[1,41], ICI2
	K=4, ICI
	[1,41], ICI1
	[1,41], ICI2

	960k
	TDL-A, 10ns
	0.1
	22.818
	22.385
	--
	--
	--
	--

	
	
	0.01
	25.516
	24.964
	--
	--
	--
	--

	
	CDL-B,20ns
	0.1
	18.582
	17.904
	17.93
	23.861
	23.317
	23.313

	
	
	0.01
	22
	21.453
	21.449
	28.8
	27.431
	27.365

	
	CDL-D,20ns
	0.1
	13.446
	13.234
	13.265
	17.979
	17.628
	17.65

	
	
	0.01
	14.247
	14.044
	14.082
	19.004
	18.53
	18.611

	
	CDL-D,30ns
	0.1
	13.446
	13.234
	13.269
	17.977
	17.633
	17.653

	
	
	0.01
	14.242
	14.042
	14.072
	19.014
	18.506
	18.619



Table 7. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 128RB with power boosting
	SCS
	channel
	BLER
	MCS22
	MCS26

	
	
	
	K=4, ICI
	[1,33], ICI1
	[1,33], ICI2
	K=4, ICI
	[1,33], ICI1
	[1,33], ICI2

	120k
	TDL-A, 10ns
	0.1
	26.066
	24.956
	--
	--
	--
	--

	
	
	0.01
	31.549
	30.573
	--
	--
	--
	--

	
	CDL-B, 20ns
	0.1
	17.402
	17.037
	17.139
	--
	--
	--

	
	
	0.01
	21.253
	20.912
	20.897
	--
	--
	--

	
	CDL-B, 50ns
	0.1
	17.189
	16.689
	16.849
	--
	--
	--

	
	
	0.01
	20.598
	19.857
	19.929
	--
	--
	--

	
	CDL-D, 20ns
	0.1
	13.024
	12.744
	12.83
	--
	--
	--

	
	
	0.01
	13.84
	13.558
	13.669
	--
	--
	--

	
	CDL-D, 30ns
	0.1
	13.023
	12.741
	12.827
	--
	--
	--

	
	
	0.01
	13.84
	13.544
	13.653
	--
	--
	--

	480k
	TDL-A, 10ns
	0.1
	23.641
	23.055
	--
	--
	--
	--

	
	
	0.01
	27.692
	26.111
	--
	--
	--
	--

	
	CDL-B, 20ns
	0.1
	16.485
	16.083
	16.258
	--
	--
	--

	
	
	0.01
	19.668
	19.143
	19.318
	--
	--
	--

	
	CDL-B, 50ns
	0.1
	16.6
	16.286
	16.459
	--
	--
	--

	
	
	0.01
	19.118
	18.527
	18.794
	--
	--
	--

	
	CDL-D, 20ns
	0.1
	12.78
	12.566
	12.665
	--
	--
	--

	
	
	0.01
	13.507
	13.316
	13.453
	--
	--
	--

	
	CDL-D, 30ns
	0.1
	12.778
	12.56
	12.67
	--
	--
	--

	
	
	0.01
	13.507
	13.31
	13.454
	--
	--
	--

	960k
	TDL-A, 10ns
	0.1
	22.747
	22.207
	--
	
	
	

	
	
	0.01
	25.251
	24.774
	--
	
	
	

	
	CDL-B,20ns
	0.1
	16.313
	16.19
	16.209
	21.793
	21.21
	21.297

	
	
	0.01
	19.238
	18.931
	18.939
	25.414
	24.54
	24.54

	
	CDL-D,20ns
	0.1
	12.778
	12.722
	12.743
	17.663
	17.207
	17.26

	
	
	0.01
	13.517
	13.495
	13.531
	18.582
	18.069
	18.122

	
	CDL-D,30ns
	0.1
	12.786
	12.72
	12.746
	17.677
	17.21
	17.257

	
	
	0.01
	13.51
	13.489
	13.537
	18.555
	18.082
	18.133



Table 8. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 64RB with power boosting
	SCS
	channel
	BLER
	MCS22
	MCS26

	
	
	
	K=4, ICI
	[1,17], ICI1
	[1,17], ICI2
	K=4, ICI
	[1,17], ICI1
	[1,17], ICI2

	120k
	TDL-A, 10ns
	0.1
	29.345
	25.507
	--
	--
	--
	--

	
	
	0.01
	NAN
	33.929
	--
	--
	--
	--

	
	CDL-B, 20ns
	0.1
	17.661
	16.72
	16.887
	--
	--
	--

	
	
	0.01
	23.2
	20.749
	21.066
	--
	--
	--

	
	CDL-B, 50ns
	0.1
	18.541
	16.988
	17.2
	--
	--
	--

	
	
	0.01
	22
	20.113
	20.676
	--
	--
	--

	
	CDL-D, 20ns
	0.1
	13.896
	13.144
	13.312
	--
	--
	--

	
	
	0.01
	14.837
	14.067
	14.286
	--
	--
	--

	
	CDL-D, 30ns
	0.1
	13.903
	13.146
	13.313
	--
	--
	--

	
	
	0.01
	14.843
	14.076
	14.256
	--
	--
	--

	480k
	TDL-A, 10ns
	0.1
	24.739
	23.163
	--
	--
	--
	--

	
	
	0.01
	29.798
	28.665
	--
	--
	--
	--

	
	CDL-B, 20ns
	0.1
	16.585
	16.266
	16.464
	23.15
	21.574
	21.762

	
	
	0.01
	19.143
	18.923
	19.358
	28
	24.685
	24.982

	
	CDL-B, 50ns
	0.1
	16.555
	16.382
	16.629
	22.993
	21.65
	21.866

	
	
	0.01
	19.386
	19.296
	19.829
	27.071
	25.06
	25.155

	
	CDL-D, 20ns
	0.1
	13.16
	13.001
	13.139
	18.282
	17.476
	17.651

	
	
	0.01
	13.927
	13.814
	14.054
	19.419
	18.595
	18.898

	
	CDL-D, 30ns
	0.1
	13.156
	12.999
	13.134
	18.278
	17.482
	17.653

	
	
	0.01
	13.938
	13.831
	14.045
	19.438
	18.594
	18.916

	960k
	TDL-A, 10ns
	0.1
	23.822
	22.346
	--
	--
	--
	--

	
	
	0.01
	29.468
	26.098
	--
	--
	--
	--

	
	CDL-B,20ns
	0.1
	16.764
	16.496
	16.722
	23.483
	21.636
	21.879

	
	
	0.01
	20.446
	19.368
	19.64
	28.4
	24.679
	24.854

	
	CDL-D,20ns
	0.1
	13.216
	13.041
	13.197
	18.527
	17.51
	17.678

	
	
	0.01
	13.986
	13.857
	14.212
	19.676
	18.506
	18.74

	
	CDL-D,30ns
	0.1
	13.216
	13.044
	13.198
	18.521
	17.513
	17.686

	
	
	0.01
	13.992
	13.875
	14.2
	19.649
	18.481
	18.744



Table 8. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and normalized power per OFDM symbol and TDL-A channel
	SCS
	BLER
	64RB
	128RB
	160RB
	256RB

	
	
	K=4
	[1,17]
	K=4
	[1,33]
	K=4
	[1,41]
	K=4
	[1,65]

	120k
	0.1
	29.372
	25.369
	26.122
	24.633
	--
	--
	24.878
	25.035

	
	0.01
	NAN
	33.693
	31.409
	30.784
	--
	--
	28.571
	29.071

	480k
	0.1
	24.896
	23.498
	23.674
	22.999
	--
	--
	23.254
	23.121

	
	0.01
	30.479
	29.643
	27.916
	26.258
	--
	--
	25.852
	25.846

	960k
	0.1
	23.996
	22.577
	22.831
	22.24
	22.847
	22.456
	--
	--

	
	0.01
	28.222
	26.991
	25.357
	24.903
	25.556
	25.145
	--
	--



Table 9. SINR in dB achieving PUSCH BLER of 10% /1% for DFT-s-OFDM and different PTRS patterns 
	[bookmark: OLE_LINK7]MCS
	Channel
	120 kHz,256RB
	480 kHz,256RB
	960 kHz,160RB

	
	
	(CN, CS) = 8*4
	(CN, CS) = 16*2
	(CN, CS) = 16*4
	(CN, CS) = 8*4
	(CN, CS) = 16*2
	(CN, CS) = 16*4
	(CN, CS) = 4*4
	(CN, CS) = 8*4
	(CN, CS) = 16*2

	16
	CDL-B, 20ns
	12.03
/13.38
	12.10
/13.39
	11.69
/12.99
	11.95
/13.21
	12.07
/12.99
	11.80
/12.92
	13.60
/16.97
	13.37
/16.81
	13.56
/16.76

	
	CDL-D, 20ns
	6.54
/6.94
	6.61
/6.97
	6.15
/6.62
	6.42
/6.82
	6.61
/7.05
	6.21
/6.55
	7.93
/8.77
	7.58
/8.30
	7.82
/8.58

	
	CDL-D, 30ns
	6.54
/6.95
	6.61
/9.97
	6.15
/6.62
	6.42
/6.83
	6.62
/7.05
	6.21
/6.52
	7.94
/8.78
	7.59
/8.33
	7.82
/8.59

	22
	CDL-B, 20ns
	20.46
/NAN
	17.64
/19.46
	17.78
/19.75
	19.14
/27.12
	17.72
/19.16
	17.82
/19.44
	20.95
/29.10
	19.60
/23.34
	19.36
/22.83

	
	CDL-D, 20ns
	14.24
/17.89
	11.73
/12.21
	11.84
/12.56
	12.66
/14.83
	11.64
/12.07
	11.63
/12.28
	14.42
/20.40
	13.20
/14.16
	12.83
/13.61

	
	CDL-D, 30ns
	14.26
/17.87
	11.73
/12.22
	11.83
/12.56
	12.66
/14.78
	11.64
/12.06
	11.63
/12.26
	14.44
/20.40
	13.19
/14.16
	12.83
/13.62

	26
	CDL-B, 20ns
	NAN
/NAN
	22.46
/24.65
	NAN
/NAN
	NAN
/NAN
	22.22
/24.10
	29.40
/NAN
	NAN
/NAN
	29.73
/NAN
	23.89
/27.46

	
	CDL-D, 20ns
	NAN
/NAN
	16.54
/17.24
	21.38
/NAN
	NAN
/NAN
	15.95
/16.40
	18.31
/NAN
	NAN
/NAN
	22.79
/NAN
	17.07
/17.89

	
	CDL-D, 30ns
	NAN
/NAN
	16.54
/17.25
	21.42
/NAN
	NAN
/NAN
	15.96
/16.40
	18.33
/NAN
	NAN
/NAN
	22.77
/NAN
	17.08
/17.89



Table 10. SINR in dB achieving PUSCH BLER of 10% /1% for DFT-s-OFDM with different PTRS location and Rx advance shift 
	MCS

	Channel
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]120 kHz,64RB
	480 kHz,64RB@1600 MHz
	960 kHz,64RB@1960 MHz

	
	
	old_location+0%shift
	old_location+10%shift
	new_location+10%shift
	old_location+0%shift
	old_location+10%shift
	new_location+10%shift
	old_location+0%shift
	old_location+10%shift
	new_location+10%shift

	16

	CDL-B, 20ns
	11.17
/14.66
	11.35
/14.82
	11.03
/14.61
	11.28
/13.97
	11.56
/14.11
	11.28
/13.88
	11.48
/14.94
	11.55
/14.94
	11.43
/14.93

	
	CDL-D, 20ns
	7.32
/8.05
	7.52
/8.31
	7.21
/7.88
	6.93
/7.57
	7.14
/7.85
	6.93
/7.48
	6.93
/7.54
	7.05
/7.65
	6.94
/7.55

	
	CDL-D, 30ns
	7.31
/8.05
	7.51
/8.25
	7.21
/7.88
	6.93
/7.54
	7.15
/7.82
	6.94
/7.46
	6.92
/7.56
	7.06
/7.70
	6.92
/7.55

	22

	CDL-B, 20ns
	18.10
/22.16
	20.27
/28.22
	17.32
/21.02
	17.50
/20.29
	18.73
/21.96
	17.36
/20.18
	17.86
/20.98
	18.27
/21.45
	17.69
/20.79

	
	CDL-D, 20ns
	14.35
/16.45
	17.21
/25.05
	13.37
/14.37
	12.22
/12.95
	13.82
/16.58
	12.16
/12.87
	12.15
/12.77
	12.78
/13.72
	12.10
/12.73

	
	CDL-D, 30ns
	14.36
/16.43
	17.19
/25.05
	13.37
/14.34
	12.21
/12.97
	13.80
/16.50
	12.16
/12.83
	12.14
/12.76
	12.78
/13.74
	12.11
/12.72

	26

	CDL-B, 20ns
	22.02
/26.25
	NAN
/NAN
	21.52
/25.53
	23.06
/26.85
	NAN
/NAN
	22.31
/25.37
	23.67
/NAN
	NAN
/NAN
	22.25
/25.32

	
	CDL-D, 20ns
	18.12
/20.28
	NAN
/NAN
	17.55
/18.53
	17.38
/18.62
	NAN
/NAN
	16.86
/17.65
	16.65
/17.43
	NAN
/NAN
	16.40
/17.09

	
	CDL-D, 30ns
	18.12/
20.11
	NAN
/NAN
	17.61
/18.55
	17.38
/18.62
	NAN
/NAN
	16.86
/17.65
	16.64
/17.43
	NAN
/NAN
	16.40
/17.08
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