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1
Background
In RAN95-e meeting a new Rel-18 Work Item for NR “NR RF requirements enhancement for frequency range 2 (FR2), Phase 3” has been approved [1]. One of the working areas of the WI is to specify the support for 256QAM on UL with the following objectives:
· Investigate and enable UL 256QAM for FR2-1 [RAN4]

· Study the gain, operating SNR, phase noise model and implementation aspects
· Specify the UE RF requirements
· First priority: Targeted power classes are PC1, PC2 and PC5 
· Second priority: Targeted power class is PC3 
In the first part of this contribution, we discuss what is a reasonable value for EVM for UL 256QAM in FR2-1 taking into account the impact of the phase noise. In the second part, for the given EVM requirement we discuss which allowed MPR values could be defined in order to support UL 256QAM.
2
Discussion
2.1  
EVM requirement for UL 256QAM
To specify the support for UL 256QAM in NR FR2-1, first the reasonable Error Vector Magnitude (EVM) requirement should be specified in TS38.101-2. To properly do such a task, uplink performance simulations need to be performed which take into account the impact from the phase noise by applying the appropriate phase noise model.
Just as for the phase noise in DL (gNB transmission) the two main effects which impact it are the common phase error (CPE) where the phases of constellation points are rotated by a common value and inter-carrier interference (ICI). Since PTRS is available both in the DL and the UL, the CPE part of the phase noise could be mitigated in the similar way as in DL 256QAM. 

In the study on support of NR DL 256QAM for FR2 [2] a few phase noise models described in sections 6.1.10 and 6.1.11 of TR 38.803 [3] were used, and we propose to reuse them as the baseline, not precluding other models extracted from the commercially available components.
Due to the nature of 256QAM, it is highly likely that the EVM requirement for UL 256QAM in FR2-1 is going to be tighter than the same requirement for UL 64QAM (8%).
Observation 1: Due to the nature of 256QAM, it is highly likely that the EVM requirement for UL 256QAM in FR2-1 is going to be tighter than the same requirement for UL 64QAM (8%).

2.2  
MPR requirement given the EVM to support UL 256QAM 
To complete the specification of the UL 256QAM in FR2-1, the second requirement which needs to be defined in TS38.101-2 is the allowed Maximum Power Reduction (MPR) for different power classes, RB allocations and channel bandwidths. Allowed MPR depends on the given EVM, and in general tighter the requirement for EVM the more relaxed MPR is needed, but the later one should be defined in such way that there is some benefit from 256QAM modulation. For 256QAM modulation to be beneficial, for the given pair of EVM and MPR requirements it should provide the throughput gain compared with lower modulations at least for some higher SNR range (which is achievable for some percentage of users in a scenario of interest, e.g. indoor with line of sight).
One way to have an insight if the MPR requirement is appropriate (not too high) is to check the PASS/FAIL limit for the maximum output power test of min peak EIRP metric (in beam locked mode for the main beam) for the given power class, taking into account the test tolerances. The starting point could be the specified MPR for 64QAM, where we could consider different examples:
Example 1: 64-QAM power class 1, inner RB allocations for channel bandwidth 50/100 MHz (as in TR38.883), DFT-s-OFDM, band n258 (as it has the highest min peak EIRP)
The PASS/FAIL limit would be

40 dBm [power class] – 5 dB [MPR] – 4 dB [T(5), Pcmax tolerance] – 3 dB [Test Tolerance (TT)] = 28 dBm,

which can be verified. Note that the MPR value is taken from Table 6.2.2.1-1 in [4] while Pcmax tolerance is taken from Table 6.2.4-1 in [4].
Example 2: 64-QAM power class 1, outer RB allocations for channel bandwidth 50/100 MHz, CP-OFDM, band n258
The PASS/FAIL limit would be

40 dBm [power class] – 7.5 dB [MPR] – 5 dB [T(7.5), Pcmax tolerance] – 3 dB [TT] = 24.5 dBm,

which can be also verified.
So, for power class 1 for both the best and the worst case in terms of the MPR (varying the RB allocations and the waveform) the PASS/FAIL limit is sufficiently high (for example far away enough from the minimum output power which is 4dBm for power class 1 (Table 6.3.1.1-1, [3])). Even though it is very likely that the MPR for 256QAM will be higher than the MPR for 64QAM we anticipate that the PASS/FAIL limit will remain high enough so that 256QAM is beneficial and feasible (allowing the tighter EVM compared with 64QAM).
Observation 2: It is very likely that the MPR requirement for 256QAM modulation will be higher than the MPR for 64QAM, given that the EVM requirement is anticipated to be tighter for 256QAM compared with 64QAM.

Observation 3: For power class 1, based on PASS/FAIL limit for the test on maximum output power (min peak EIRP for the main beam in beam locked mode) for 64QAM and its specified MPR, we anticipate that even for higher MPR for 256QAM, which is likely, 256QAM remains beneficial and feasible (allowing the tighter EVM compared with 64QAM).
Example 3: 64-QAM power class 2, inner RB allocations for channel bandwidth 50/100 MHz, DFT-s-OFDM, band n258
The PASS/FAIL limit would be

29 dBm [power class] – 5 dB [MPR] – 4 dB [T(5), Pcmax tolerance] – 3 dB [TT] = 17 dBm,

which can be verified. Note that the MPR value is taken from Table 6.2.2.3-1 in [4].
Example 4: 64-QAM power class 2, edge RB allocations for channel bandwidth 50/100 MHz, CP-OFDM, band n258
The PASS/FAIL limit would be

29 dBm [power class] – 7.5 dB [MPR] – 5 dB [T(7.5), Pcmax tolerance] – 3 dB [TT] = 13.5 dBm.
Example 5: 64-QAM power class 5, edge RB allocations for channel bandwidth 50/100 MHz, CP-OFDM, band n258

The PASS/FAIL limit would be

30.4 dBm [power class] – 7.5 dB [MPR] – 5 dB [T(7.5), Pcmax tolerance] – 3 dB [TT] = 14.9 dBm.

For power class 2 the minimum output power requirement is equal to -13dBm (for all channel bandwidths), which is defined in Table 6.3.1.2-1 [4]. For power class 5 it is equal to -6dBm, which is defined in Table 6.3.1.3-1 [4]. So, in the worst case for the MPR (edge RB allocations), despite PASS/FAIL limit being around 10dB lower than in the case of power class 1, even for the anticipated higher MPR for 256QAM compared with 64QAM, the 256QAM modulation can still be beneficial and feasible due to the very low minimum output power requirement.
Observation 4: For power classes 2 and 5, in the worst case for the MPR (edge RB allocations), despite PASS/FAIL limit being lower than for power class 1, even for the anticipated higher MPR for 256QAM compared with 64QAM, the 256QAM modulation can still be beneficial and feasible due to the very low minimum output power requirement.
Example 6: 64-QAM power class 3, edge RB allocations for channel bandwidth 50/100 MHz, CP-OFDM, band n258

The PASS/FAIL limit would be

22.4 dBm [power class] – 7.5 dB [MPR] – 5 dB [T(5), Pcmax tolerance] – 3 dB [TT] = 6.9 dBm,

Example 7: 64-QAM power class 3, edge RB allocations for channel bandwidth 50/100 MHz, CP-OFDM, band n262
The PASS/FAIL limit would be

16 dBm [power class] – 7.5 dB [MPR] – 5 dB [T(7.5), Pcmax tolerance] – 3 dB [TT] = 0.5 dBm.
For power class 3 the minimum output power requirement is equal to -13dBm, which is defined in Table 6.3.1.2-1 [4]. Here, since in the worst case (edge RB allocations for band n262) the PASS/FAIL limit is already very low for 64QAM, and the anticipated MPR for 256QAM modulation is going to be even higher than for 64QAM and make the PASS/FAIL limit even lower. Thus, we conclude that 256QAM modulation may not be beneficial and feasible for all the bands for power class 3.
Observation 5: For power class 3, in the worst case (edge RB allocations for band n262) the PASS/FAIL limit is already very low for 64QAM, and the anticipated MPR for 256QAM modulation is going to be even higher than for 64QAM and make the PASS/FAIL limit even lower. Thus, we conclude that 256QAM modulation may not be beneficial and feasible for all the bands for power class 3.

3
Conclusion

In this contribution, we have shared our initial reflection on introducing the support for UL 256QAM in FR2-1, where we have made the following observations:

Observation 1: Due to the nature of 256QAM, it is highly likely that the EVM requirement for UL 256QAM in FR2-1 is going to be tighter than the same requirement for UL 64QAM (8%).

Observation 2: It is very likely that the MPR requirement for 256QAM modulation will be higher than the MPR for 64QAM, given that the EVM requirement is anticipated to be tighter for 256QAM compared with 64QAM.

Observation 3: For power class 1, based on PASS/FAIL limit for the test on maximum output power (min peak EIRP for the main beam in beam locked mode) for 64QAM and its specified MPR, we anticipate that even for higher MPR for 256QAM, which is likely, 256QAM remains beneficial and feasible (allowing the tighter EVM compared with 64QAM).
Observation 4: For power classes 2 and 5, in the worst case for the MPR (edge RB allocations), despite PASS/FAIL limit being lower than for power class 1, even for the anticipated higher MPR for 256QAM compared with 64QAM, the 256QAM modulation can still be beneficial and feasible due to the very low minimum output power requirement.
Observation 5: For power class 3, in the worst case (edge RB allocations for band n262) the PASS/FAIL limit is already very low for 64QAM, and the anticipated MPR for 256QAM modulation is going to be even higher than for 64QAM and make the PASS/FAIL limit even lower. Thus, we conclude that 256QAM modulation may not be beneficial and feasible for all the bands for power class 3.
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