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5.2.1.2   Simulation results from Nokia

R4-2218327
The UE transmit power and UL SINR CDF at 29 GHz (n257) and 39 GHz (n260) using the agreed parameters in urban macro scenario are shown in figures 1 and 2, respectively.
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 1. Urban macro simulation results at 29 GHz (n257)
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 2. Urban macro simulation results at 39 GHz (n260)
It can be observed from figures 1 and 2 that at both 29 GHz (n257) and 39 GHz (n260):

-
The target SNR at BS side (of 28 dB and 25 dB, respectively, at 29 GHz and 39 GHz) can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.
-
~15% of PC1 UE and ~25% of PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).

The UE transmit power and UL SINR CDF at 29 GHz (n257) and 39 GHz (n260) using the agreed parameters in indoor scenario are shown in figures 3 and 4, respectively.
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 3. Indoor simulation results at 29 GHz (n257)
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 4. Indoor simulation results at 39 GHz (n260)
It can be observed from figures 3 and 4 that at both 29 GHz (n257) and 39 GHz (n260):

-
The target SNR at BS side (of 28 dB and 25 dB, respectively, at 29 GHz and 39 GHz) can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.

-
Almost none of PC1 UE and PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
R4-2300193

The UE transmit power and UL SINR CDF at 29 GHz (n257) and 39 GHz (n260) using the agreed parameters in urban macro scenario are shown in figures 1 and 2, respectively.
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 1. Urban macro simulation results at 29 GHz (n257)
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 2. Urban macro simulation results at 39 GHz (n260)
It can be observed from figures 1 and 2 that at both 29 GHz (n257) and 39 GHz (n260):

-
The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.

-
Less than 15% of PC1 UE and less than 30% of PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).

The UE transmit power and UL SINR CDF at 29 GHz (n257) and 39 GHz (n260) using the agreed parameters in indoor scenario are shown in figures 3 and 4, respectively.
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 3. Indoor simulation results at 29 GHz (n257)
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a) PC1 UE with 35 dBm maximum output power
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b) PC2/5 UE with 23 dBm maximum output power

Figure 4. Indoor simulation results at 39 GHz (n260)
Note that the results for PC1 and PC2/5 UE are alike in figures 3 and 4 as the higher PC1 UE transmit power is not required in indoor scenario. It can be observed from figures 3 and 4 that at both 29 GHz (n257) and 39 GHz (n260):

-
The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.

-
Almost none of PC1 UE and PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).

Therefore, from the observations above, it can be concluded:

-
In all simulated scenarios, a significant percentage of PC1/PC2/PC5 UE can achieve the target SNR at BS side of 27 dB above which 256QAM provides throughput gain over 64QAM at both 29 GHz (n257) and 39 GHz (n260).
5.2.1.3   Simulation results from ZTE

R4-2218595
In order to check whether the UE working on FR2 UL 256QAM can achieve target SNR at BS side we provide some system level simulation results with target SNR of 31dB and proposed Min peak EIRP. Figure 4~figure 7 show the CDF of SINR for PC1, PC2, PC3 and PC5 in band n257. 
[image: image33.png]CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC1 under Urban Macro @29GHz





Figure 4, CDF of SINR for PC1 under Urban Macro with Fc = 29GHz
[image: image34.png]CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC2 under Urban Macro @29GHz

xooomr|

Y 0.9507

X 24.6052
Y 0.49842

10

15

SINR

20

2

30

35




Figure 5, CDF of SINR for PC2 under Urban Macro with Fc = 29GHz
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Figure 6, CDF of SINR for PC3 under Urban Macro with Fc = 29GHz
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Figure 7, CDF of SINR for PC5 under Urban Macro with Fc = 29GHz
From figure 4~figure 7 we can find that 5% UE can achieve above 30dB SINR which show that PC1, PC2 and PC5 @29GHz are feasible for UL 256QAM. If the operating SNR is smaller than 30dB, then the percentage of UE meet the target SNR will increase, for example, ~10% UE can achieve above 28dB SINR even for PC3.
Observation 3: PC1, PC2, PC3 and PC5 are feasible for UL 256QAM for 29GHz if the operating SNR is not higher than 28dB.
R4-2301235
In last meeting, we provided SLS results for UL 256QAM for PC1/2/3/5 UEs of 29GHz in R4-2218595, in terms of the simulations, which are shown below:
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Figure 1, CDF of SINR for PC2 under Urban Macro with Fc = 29GHz
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Figure 2, CDF of SINR for PC3 under Urban Macro with Fc = 29GHz
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Figure 3, CDF of SINR for PC5 under Urban Macro with Fc = 29GHz
From figure 1, 2 and 3, we can find that 5% UE can achieve above 30dB SINR which show that PC2 and PC5 @29GHz are feasible for UL 256QAM. If the operating SNR is smaller than 30dB, then the percentage of UE meet the target SNR will increase. Even ~10% UE can achieve above 28dB SINR even for PC3.
5.2.1.4   Simulation results from vivo

R4-2218869

The SINR distribution for Indoor and Uma are shown in Figure 1:
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Figure 1 SINR distribution
Except for PC1, The SINR of UE is hard to larger than 25 dB at the BS side.
Observation 1: 

· For PC1, 20% of UE’s SINR can be larger than 25 dB.

· For PC2/PC3/PC5, <5% UE’s SINR can larger than 25 dB.
We further counted the percentage of UEs that had used 256QAM in the simulation and the throughput performance gain. The throughput gain is derived from comparing whether the 256QAM is allowed. The results are shown in below:
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Figure 2 proportion and performance gain for 256 QAM 
For the indoor scenario, PC1 UE can have obvious performance gain, and about 70% UE is once scheduled with 256QAM during the simulation time, but for other power classes, the throughput performance even become worse, this is because the SINR for these UE cannot support such high MCS and the BLER is bad. For the Uma scenario, even though there are many UEs scheduled with 256 QAM, the performance gain is tiny.

Observation 2:
· For the indoor scenario, only PC1 shows obvious throughput gain, and about 69.3%UEs are scheduled with 256 QAM.

· For the Uma scenario, the performance gain of all PC UEs is tiny.

R4-2301569

The simulation assumption for SLS was revised to add minimum EIRP and power control formula, and our simulation results based on such new assumptions are shown in Figure 1. The operating SNR is used as the target SNR at the BS side, and the minimum EIRP is used to calculate the conducted power level which means deducting antenna gain (including array gain).
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Figure 1 SINR distribution based on SLS
For the Indoor scenario, all cases above have more than 10% UE can achieve operating SNR, but for the Uma scenario, the ratio is much lower, especially in PC2/PC5 in the 39GHz case, only about 2% UE can achieve operating SNR.
Observation 1: 

· In 29GHz, 14% in Indoor and 5% in Uma PC2/PC5 UE can archive 28 dB SNR.

· In 39GHz, 12% in Indoor and 10% in Uma PC1 UE can archive 30 dB SNR; 10% in Indoor and 2% in Uma PC2/PC5 UE can archive 30 dB SNR.
5.2.1.5  Simulation results from Ericsson

R4-2220036
On Figure 9 we show the results of system-level simulations for 29 GHz carrier frequency and FTP traffic model of both 10% and 30%.
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Figure 9: System-level simulation results on 256QAM feasibility for PC1 UE in FR2-1 for 29 GHz carrier frequency 

Note that in the simulations results, no sophisticated model was used for the misalignment between BS and UE beam directions. So, in the simulations the ideal beam management was assumed, and the impairment offset of 10 dB was added in the last stage.

By looking at the results, we can see that around 30% of UEs can achieve the operating SNR of 30 dB for FTP with 30% load and around 35% of UEs can achieve the operating SNR of 30 dB for FTP with 10% load, which means that 256 QAM for PC1 UEs in FR2-1 and 29 GHz carrier frequency is feasible.
R4-2302734

2.1  
29GHz carrier frequency

2.1.1   Indoor scenario for PC2/PC5
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Observation 1: For 29GHz carrier frequency, indoor scenario and PC2/PC5, around 60% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 28dB.

2.1.2   UMa scenario for PC2/PC5
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Observation 2: For 29GHz carrier frequency, UMa scenario and PC2/PC5, around 30% of users with FTP 10% load and 28% of users with FTP 30% load can reach the operating SNR of 28dB.
2.2  
39GHz carrier frequency

2.2.1   Indoor scenario for PC2/PC5
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Observation 3: For 39GHz carrier frequency, indoor scenario and PC2/PC5, around 50% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.
2.2.2   UMa scenario for PC2/PC5
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Observation 4: For 39GHz carrier frequency, UMa scenario and PC2/PC5, around 17% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 30dB.
2.2.3   Indoor scenario for PC1
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Observation 5: For 39GHz carrier frequency, indoor scenario and PC1, around 55% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.
2.2.4   UMa scenario for PC1
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Observation 6: For 39GHz carrier frequency, UMa scenario and PC1, around 50% of users with FTP 10% load and 38% of users with FTP 30% load can reach the operating SNR of 30dB.

5.2.1.6  Simulation results from Xiaomi

R4-2301620
In last meeting, it is verified that the UL 256QAM for PC1 UE of 29GHz is feasible based on system simulation, but whether UL 256QAM for PC2/5 UE of 29GHz and PC1/2/5 UE of 39GHz can achieve target SNR at BS side need further confirm by system simulation. Hence, we provide the system level simulation results with the agreed target SNR of 28dB and 30dB for PC1/2/5 UE of 29GHz and 39GHz.

The UE transmit power and UL SINR CDF at 29 GHz and 39 GHz in urban macro scenario are shown in figure 2-1 and figure 2-2, respectively.
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a) PC1 UE with 35dBm maximum output power (n257)
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b) PC2/5 UE with 23dBm maximum output power  (n257)
Figure 2-1 Urban macro simulation results at 29 GHz
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a) PC1 UE with 35 dBm maximum output power (n260)
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b) PC2/5 UE with 23dBm maximum output power (n259)
Figure 2-2 Urban macro simulation results at 39 GHz

The UE transmit power and UL SINR CDF at 29 GHz and 39 GHz in indoor hotspot scenario are shown in figures 2-3 and 2-4, respectively.
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a) PC1 UE with 35 dBm maximum output power (n257)
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b) PC2/5 UE with 23dBm maximum output power (n257)
Figure 2-3 Indoor hotspot simulation results at 29 GHz
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a) PC1 UE with 35 dBm maximum output power (n260)
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b) PC2/5 UE with 23dBm maximum output power (n259)
Figure 2-4 Indoor hotspot simulation results at 39 GHz 

Observation: 
It can be observed from figure 2-1, figure 2-2, figure 2-3 and figure 2-4 that at both 29 GHz (n257) and 39 GHz (n259 and n260):

For urban macro scenario:

-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 86.95% of PC1 UE and 73.26% of PC2/5 UE.

-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 82.82% of PC1 UE and 62.31% of PC2/5 UE.
-
~13% of PC1 UE and ~26% of PC2/5 UE are transmitting at maximum output power at 29 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
-    ~17% of PC1 UE and ~27% of PC2/5 UE are transmitting at maximum output power at 39 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
For indoor hotspot scenario:

-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 100% of PC1 UE and 100% of PC2/5 UE.

-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 100% of PC1 UE and 99.99% of PC2/5 UE.
-
The transmitting power of all PC1/PC2/PC5 UE are less than 20 dBm at 29 GHz.
-    The transmitting power of ~ 99% PC1/PC2/PC5 UE are less than 13 dBm at 39 GHz.
5.2.1.7  Simulation results from LG Electronics
R4-2300821

-29 GHz UL 256QAM SLS
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	Fig.1 CDF of SINR for PC2/PC5 in urban macro scenario at 29 GHz
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	Fig.2 CDF of SINR for PC2/PC5 in indoor scenario at 29 GHz


Fig.1 and Fig.2 show CDF of SINR for PC2/PC5 in urban macro scenario and indoor scenario at 29 GHz respectively.  

Based on the SLS results, UL 256QAM at 29 GHz is feasible for both PC2 and PC5.
Observation 1: From the 29 GHz 256QAM SLS results, PC2 and PC5 can achieve SINR of 28dB in both urban macro scenario and indoor scenario.
-39 GHz UL 256QAM SLS
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	Fig.3 CDF of SINR for PC1/PC2/PC5 in urban macro scenario at 39 GHz
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	Fig.4 CDF of SINR for PC1/PC2/PC5 in indoor scenario at 39 GHz


Fig.3 and Fig. 4 show CDF of SINR for PC1/PC2/PC5 in urban macro scenario and indoor scenario at 39 GHz respectively. 

Based on the SLS results, UL 256QAM at 39GHz is feasible for PC1, PC2, and PC5 UEs.
Observation 2: From the 39 GHz 256QAM SLS results, PC1, PC2 and PC5 can achieve SINR of 30dB in both urban macro scenario and indoor scenario.
5.2.1.8  Simulation results from Sony
R4-2302240
The SLS simulation results at 29 GHz for the indoor scenario are shown in Fig. 1. Since PC1 has been concluded to be feasible, only results of PC2/5 have been provided here. 
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Figure 1 The system level simulation at 29 GHz for the indoor scenario with PC2/5. 

As explained, a power control scheme is adopted in the simulation, and thus the CDF plot is “capped” by the target SNR. Based on the simulation results, it can be observed that about 35% of UE can reach the target SNR, which is a significant portion of total devices. Therefore, it can be concluded that it is feasible for PC2 and PC5 to support 256 QAM at 29 GHz. 

Observation 1
35% of UE can reach the target SNR condition of PC2 and PC5 at indoor scenario at 29 GHz. 

Further simulations have also been performed for 39GHz for the indoor scenario, including PC1 as well, where the simulation results are shown in Fig. 2 (PC1) and Fig. 3 (PC2/5), respectively. 
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Figure 2 The system level simulation at 39 GHz for the indoor scenario with PC1. 
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Figure 3 The system level simulation at 39 GHz for the indoor scenario with PC2/5. 
Based on the results shown in Fig. 2 and Fig.3, though the target SNR and path loss have been increased, a significant portion of UE (45% for PC1 and 10% for PC2/5) can still meet the target SINR. Again, such simulation results demonstrate that a system-level gain can be obtained by supporting 256 QAM for uplink, which suggests that it is feasible to support 256 QAM in uplink is feasible for PC1/2/5 at 39 GHz.  

Observation 2 
45% of PC1 UE and 10% of PC2/5 UE can meet the target SNR condition for the indoor scenario at 39 GHz.
5.2.3
MPR simulation

5.2.3.1   Simulation assumptions
Antenna configuration and PA calibration point for MPR simulation:
· The MPR evaluation was performed by using 32 PAs, 16 for each polarizations within an antenna array for PC1/2/5 keeping align with the antenna configuration agreed in system level simulation.

· PA calibration point should follow current definition in Spec 38.101-2:

· The waveform defined by BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23 is the reference waveform with 0 dB MPR and is used for the power class definition.

· Calculate MPR as total backoff needed for 256QAM from this calibration point.

Emission requirements for MPR simulation:
Follow the current Spec 38.101-2, otherwise specified

· Occupied bandwidth (Table 6.5.1-1 in TS 38.101-2)
· General NR spectrum emission mask for FR2-1 (Table 6.5.2.1-1 in TS 38.101-2)

· NR ACLR1 for FR2-1 (Table 6.5.2.3-1 in TS 38.101-2)

· General in-band emissions limit for FR2-1 (Tables 6.4.2.3.2-1 for PC1, 6.4.2.3.3-1 for PC2, 6.4.2.3.6-1 for PC5 in TS 38.101-2)

· General NR spurious emission limits for FR2-1 (Table 6.5.3-2 in TS 38.101-2)

· Maximum error vector magnitude (EVM) 3.5% for 29GHz and 39GHz as agreed in RAN4 #104-bis-e meeting.

EVM budget for MPR evaluation:

· Only consider the total value of 3.5% for Tx EVM
· Companies need to clarify the components of Tx EVM in their simulation results, including

· Phase noise

· Value for IQ imbalance

· PA and transmitter non-linearity
5.3
EVM test
5.3.1
CPE compensation methods
To compensate CPE for 256QAM EVM testing, the DMRS based channel estimation and PTRS extraction shall be as below:
· The DMRS based channel estimate in the PTRS-ready EVM calculator shall utilize CPE-corrected DMRS symbols.

· The PTRS extraction and correction stage in the PTRS-ready EVM calculator is the final refinement of the received signal.
5.3.2
PTRS correction methods
· For CP-OFDM

· PTRS correction is implemented by de-rotation of each sub carrier in an OFDM symbol. The de-rotation angle is estimated as the frequency domain average of the phase rotation of all the PTRS tones in the allocation.

· For DFT-s-OFDM: 

· PTRS correction is implemented by de-rotation of each time-domain symbol by the estimated instantaneous phase deviation. 

· The instantaneous phase deviation impacting a data symbol due to DUT phase noise is estimated by linearly interpolating between the phase deviations determined for the nearest neighbouring PTRS groups. The phase deviation for each PTRS group is determined as the time domain arithmetic mean phase deviation of all PTRS symbols in the group.

5.3.3
EVM calculation flow with PTRS
Figure 5.3.3-1 shows a generalized EVM calculator signal flow with PTRS processing. In the flow chart, for CP-OFDM, the DFT and IDFT blocks are replaced by unity blocks; For DFT-s-OFDM, all blocks pertaining to layer 2 signals are disabled due to RAN1 has not introduced rank 2 UL. And Figure 5.3.3-1 shall be included in the annex of 38.101-2 as normative content.
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Figure5.3.3-1: A generalized 2-Rx EVM calculator with PTRS processing
<End of TP >
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