3GPP TSG-RAN WG4 Meeting #84  











       R4-1708006
Berlin, Germany, 21-25 August 2017
Source: 
Huawei, HiSilicon
Title: 
      

MPR evaluation for NR at frequencies above 24 GHz
Agenda Item:
9.4.3.1.2
Document for:
Discussion
1 Introduction
This contribution presents simulation results of maximum UE output power for transmission of several NR waveforms at frequencies above 24 GHz, as part of the MPR evaluation process agreed upon in ‎[1].
2 Simulations and results
In preparation for setting MPR requirements for NR at frequencies above 24 GHz, it was agreed to evaluate the relative maximum transmission power – at least within a given minimal set of waveforms (cf. page 5 of ‎[1]) – when using a certain realistic PA (model) and complying with the UE RF requirements as specified in ‎[1].
Our simulations are based on the memoryless modified Rapp PA model proposed in ‎[2] (section 2.3.1), which is briefly recalled in section 2.1. Section 2.2 contains further details on the simulation assumptions, on top of the ones set in ‎[1], and section 2.3 presents our evaluation results. The conclusions are summarized in section 3.      
2.1 PA model
Figure 1 presents the AM-AM behaviour (blue curve) of the modified Rapp PA model we consider. 
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Figure 1 AM-AM characteristic curve of the modified Rapp PA model (based on ‎[2])
It is equivalent to the one in ‎[2], after rescaling the 
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 parameter up from the original 1.9 Volts to 3.3 Volts, or alternatively 
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, controlling the approach to saturation, and the AM-PM behaviour are unaltered). This rescaling should be thought of as reflecting the usage of multiple Tx RF chains (namely multiple PAs, possibly with beamforming), so as to emulate an effective PC2 UE of total available power of 23 dBm, after taking into account the antenna insertion losses. Without the rescaling, the SEM will not have any impact on the maximum allowed Tx power and will never be its limiting criterion. The SEM is essentially the only RF requirement which involves absolute powers (in dBm) out of the ones listed in ‎[1] for the above-24G case, the other constraints involving relative quantities (in dBc)
 which are oblivious to the above rescaling.    
2.2 Simulation assumptions
2.2.1  Evaluated waveforms
The waveforms considered in our evaluation (in line with ‎[1]) are listed in Table 1.
Table 1  Evaluated waveforms
	ID
	Waveform type
	Modulation 
	CBW
[MHz]
	SCS
[KHz]
	Allocation
[#&start RB]
	Remarks

	1a
	DFT-s-OFDM
	QPSK
	100
	60
	135RB0
	Reference waveform (centered alloc.):
0 dB relative OBO


	1b0
	DFT-s-OFDM
	pi/2-BPSK
	100
	60
	135RB0
	Without FDSS

	1b1
	DFT-s-OFDM
	pi/2-BPSK
	100
	60
	135RB0
	With FDSS (no excess BW)

	1c
	DFT-s-OFDM
	16QAM
	100
	60
	135RB0
	

	2
	DFT-s-OFDM
	QPSK
	400
	120
	270RB0
	

	3a
	CP-OFDM
	QPSK
	100
	60
	136RB0
	

	3b
	CP-OFDM
	16QAM
	100
	60
	136RB0
	

	4
	CP-OFDM
	QPSK
	400
	120
	275RB0
	


In case of the DFT-s-OFDM waveforms, LTE-like Zadoff-Chu DMRS symbols are inserted into the waveform – one per slot of 7 OFDM symbols. Furthermore, in the case (1b1) in particular, we consider two sub-cases differing by whether the DMRS are FDSS-ed the same way like the data (so-called “transparent FDSS approach”: 1b1t), or are not shaped via the FDSS (“non-transparent FDSS approach”: 1b1n).
The FDSS filter we use for pi/2-BPSK is an RRC of rolloff 1.0, introduced in Appendix A of ‎[3] and in ‎[4], which is also equivalent to the time-domain pre-DFT 2-tap ‘1+D’ filter of ‎[5].      

2.2.2  Waveform generation and measurement details
The digital baseband signals of the waveforms were generated at the “native” sampling rate fs corresponding to the SCS and IFFT size, namely as specified in Table 2, which also includes other parameters related to the waveform generation. 
Table 2  Digital baseband signal generation parameters
	ID
	#subcarriers
[= DFT size]
	IFFT size
	BB fs
[MHz]
	CP length [#samples]

	1*
	1620
	2048
	122.88
	144

	2
	3240
	4096
	491.52
	288

	3*
	1632
	2048
	122.88
	144

	4
	3300
	4096
	491.52
	288


Prior to being fed into the PA model, the digital baseband signals are interpolated (up-sampled and low-pass filtered) by a factor ×4 for simulating the effect of the Digital-to-Analog conversion implemented in practice in the RF frontend. The output of the PA is then spectrally analyzed, as well as partially equalized and demodulated for EVM measurements, and we find the maximal amplification point where still all UE RF requirements are being complied with.
Next, some of the RF requirements of ‎[1] for above-24G are recalled, with elaboration on the subtle details involved. 
2.2.2.1 EVM
Table 3 provides the “PA EVM” restrictions we enforce (for the considered modulation orders), which should be distinguished from the “Total EVM” values (also shown in the table, reproduced from ‎[1]). The difference between the quoted values is attributed to non-idealities other than the PA’s, e.g., Phase Noise, frequency offset and I/Q-imbalance, each contributing their own share to the total EVM budget.
Table 3  EVM requirements
	Modulation
	Total EVM [%]
	PA EVM [%]
	Remarks

	pi/2-BPSK
	[17.5]
	12
	Based on ‎[6]

	QPSK
	17.5
	12
	·  “  -

	16QAM 
	12.5
	8
	Based on ‎[7]


2.2.2.2 IBE

According to ‎[1], the In-Band Emission requirements should follow those of LTE ‎[8]. We however ignore them in case of all the waveforms of Table 1, on account of these waveforms occupying the full channel bandwidth; namely, we ignore the (136 – 135 =) 1 and (275 – 270 =) 5 RBs left unallocated in the DFT-s-OFDM case at CBW of 100 and 400 MHz, respectively, relative to the full CP-OFDM allocations.
2.2.2.3 SEM
The Spectral Emission Mask assumed in the evaluation (cf. ‎[1]), is presented in Table 4 for the relevant CBWs of 100 and 400 MHz.
Table 4  SEM (above 24 GHz)
	ΔfOOB
[MHz]
	CBW=100 MHz

[dBm/MHz]
	CBW=400 MHz

[dBm/MHz]
	Measurement
BW [MHz]

	( 0-10
	-5
	-5
	1

	( 10-40
	-13
	-5
	1

	( 40-200
	-13
	-13
	1

	( 200-800
	
	-13
	1


2.2.2.4 ACLR
The ACLR limitation assumed is of 17 dBc (as in ‎[1] for the 30 GHz range), with the same channel bandwidths for target and victim systems. The frequency measurement region in the adjacent channel is assumed to be the same as the allocation region of the UE under test.
2.2.2.5 Spurious emissions
Not relevant and hence not treated in this evaluation.
2.3 Simulation results
As an example for the type of analysis performed, the PSDs of the waveforms (1a), (3a) and (1b) – after processing by the PA model – are drawn in Figure 2 against the SEM. 
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Figure 2 PSD of waveforms after processing by the PA model:
Left – QPSK waveforms (1a) and (3a); Right – BPSK waveforms (1b0) and (1b1) 

2.3.1 Minimal set of evaluated waveforms
The estimated relative maximum output powers of the waveforms listed in Table 1 are presented in Table 5. The reference max power of the waveform (1a), corresponding to the relative max power of 0 dB on the first row of the table, was obtained at 22.1 dBm.
Table 5  Relative max output power (for total available power of 23 dBm)
	ID
	Waveform
	Relative max
power [dB]
	Limiting criterion

	1a
	DFT-s-OFDM, QPSK, 135RB
	0
	EVM

	1b0
	DFT-s-OFDM, pi/2-BPSK, no FDSS, 135RB
	0.8
	EVM

	1b1t
	DFT-s-OFDM, pi/2-BPSK, transp. FDSS, 135RB
	0.9
	OBO ≥ 0 dB

	1b1n
	DFT-s-OFDM, pi/2-BPSK, non-transp. FDSS, 135RB
	0.9
	OBO ≥ 0 dB

	1c
	DFT-s-OFDM, 16QAM, 135RB
	-3.4
	EVM

	2
	DFT-s-OFDM, QPSK, 270RB
	0
	EVM

	3a
	CP-OFDM, QPSK, 136RB
	-4.1
	EVM

	3b
	CP-OFDM, 16QAM, 136RB
	-6.1
	EVM

	4
	CP-OFDM, QPSK, 275RB
	-4.2
	EVM


Observation 1: With the considered PA model, in case of total available power of 23 dBm, the SEM is not a limiting factor for any of the evaluated waveforms. 

Observation 2: With the considered PA model and spectral constraints, in case of total available power of 23 dBm, application of FDSS onto DFT-s-OFDM with pi/2-BPSK at full allocation bandwidth yields a negligible power advantage. 

Considering Observation 1, we think it is illuminating to see what happens if we further rescale the (rather artificial) saturation point of the PA model 2.1 by another 3 dB, namely setting 
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. The results are presented in Table 6, where we start seeing the effect of the SEM in the case of DFT-s-OFDM with QPSK and unshaped pi/2-BPSK. Here the reference max power of the waveform (1a), corresponding to the relative max power of 0 dB on the first row of this table, was obtained at 24.4 dBm.
Table 6  Relative max output power for total available power of 26 dBm
	ID
	Waveform
	Relative max
power [dB]
	Limiting criterion

	1a
	DFT-s-OFDM, QPSK, 135RB
	0
	SEM

	1b0
	DFT-s-OFDM, pi/2-BPSK, no FDSS, 135RB
	0.7
	SEM

	1b1t
	DFT-s-OFDM, pi/2-BPSK, transp. FDSS, 135RB
	1.6
	OBO ≥ 0 dB

	1b1n
	DFT-s-OFDM, pi/2-BPSK, non-transp. FDSS, 135RB
	1.6
	OBO ≥ 0 dB

	1c
	DFT-s-OFDM, 16QAM, 135RB
	-2.7
	EVM

	2
	DFT-s-OFDM, QPSK, 270RB
	0.7
	EVM

	3a
	CP-OFDM, QPSK, 136RB
	-3.4
	EVM

	3b
	CP-OFDM, 16QAM, 136RB
	-5.4
	EVM

	4
	CP-OFDM, QPSK, 275RB
	-3.5
	EVM


Observation 3: With the considered PA model (regardless of its total available power), the ACLR requirement of 17 dBc is not a limiting factor for any of the evaluated waveforms.  

Observation 4: With the considered PA model (regardless of its total available power) and assumed spectral requirements, DFT-s-OFDM exhibits a power advantage of ~2.5-4 dB over CP-OFDM at the same modulation order (16QAM or below).

Observation 5: In the full-allocation scenarios considered so far, EVM turns out to be the dominant limiting factor of the Tx power.
With regard to Observation 5, the detailed EVM budget assumption (cf. Table 3) plays an important role in determining the max power per waveform. Also, perhaps in contrast to LTE, non-full-allocation scenarios – where the IBE requirement becomes relevant – should be considered for a more comprehensive MPR evaluation (cf. Section ‎2.3.2). Finally, in relation to proposals such as the one presented in ‎[9], we examined the use of CP-OFDM with transparent distortion-based PAPR-reduction techniques, such as Clipping/Companding And Filtering (CAF), or Tone Injection (TI). It turns out that since EVM is the limiting factor in the CP-OFDM case (cf. Observation 5), these methods do not provide OBO gain despite offering an apparent PAPR gain. This leads to the following:
Observation 6: Distortion-based PAPR-reduction techniques (such as Clipping/Companding And Filtering, or Tone Injection), may not offer any output power benefits for the CP- (or DFT-s-)OFDM waveforms in the considered above-24GHz scenarios under the currently assumed UE RF requirements.
2.3.2  Other waveforms/scenarios
Following the above discussion, we evaluated certain waveforms in case of non-full-bandwidth allocation, in order to assess the impact of the IBE requirement on the relative performance. The waveforms and the associated estimated relative maximum output powers are presented in Table 7. 
Table 7  Partial-allocation waveforms and their relative max output power
(for total available power of 23 dBm)
	ID
	Waveform (~half-bandwidth allocation)
	Relative max
power [dB]
	Limiting criterion

	1’
	DFT-s-OFDM, QPSK, 72RB0
	-1.3
	IBE

	1’b0
	DFT-s-OFDM, pi/2-BPSK, no FDSS, 72RB0
	-1.0
	IBE

	1’b1t
	DFT-s-OFDM, pi/2-BPSK, transp. FDSS, 72RB0
	0.6
	IBE

	1’b1n
	DFT-s-OFDM, pi/2-BPSK, non-transp. FDSS, 72RB0
	0.9
	OBO ≥ 0 dB

	1’c
	DFT-s-OFDM, 16QAM, 72RB0
	-3.5
	EVM

	2’
	DFT-s-OFDM, QPSK, 144RB0
	-1.4
	IBE

	3’a
	CP-OFDM, QPSK, 72RB0
	-4.2
	EVM

	3’b
	CP-OFDM, 16QAM, 72RB0
	-6.2
	EVM

	4’
	CP-OFDM, QPSK, 144RB0
	-4.1
	EVM


Remarks:

· The partial allocation bandwidths of 72 and 144 RBs in Table 7 (for deployments of SCS|CBW of 60KHz|100MHz and 120KHz|400MHz, respectively), were selected as being close to half-bandwidth allocation while obeying the rule of being factorizable into powers of 2, 3 and 5, as required for DFT-s-OFDM. Other choices were seen to lead to very similar relative max power results.

· The relative max powers in Table 7 are quoted relative to the reference of Table 5. The extra backoff of 1.3 dB required for waveform (1’) here, relative to the full-allocation waveform (1) there, is due to the IBE requirement. However, note that waveform (1’) enjoys a relative Rx SNR boost of 10*log10(135/72) = 2.73 dB, due to its allocation over fewer subcarriers, thus leading to a higher power per subcarrier; hence (1’) has an overall higher coverage (or MCL) than (1), though at a working point of a reduced sustained data rate.
Observation 7: In partial-allocation scenarios, EVM remains the limiting factor of the Tx power for DFT-s-OFDM at modulation orders higher than QPSK’s and for CP-OFDM (with any modulation considered here), while IBE becomes the limiting criterion for DFT-s-OFDM at low modulation orders.

Observation 8: With IBE as the limiting criterion (for DFT-s-OFDM with low modulation order at partial allocations), pi/2-BPSK with FDSS demonstrates a power advantage of ~2 dB relative to QPSK or pi/2-BPSK without shaping.
Observation 9: With IBE as the limiting criterion (for DFT-s-OFDM with low modulation order at partial allocations), pi/2-BPSK without shaping demonstrates very little power advantage relative to QPSK.

Conclusion

Here we collect our observations, from the PA OBO evaluation for frequencies above 24 GHz, described above:
Observation 1: With the considered PA model, in case of total available power of 23 dBm, the SEM is not a limiting factor for any of the evaluated waveforms. 

Observation 2: With the considered PA model and spectral constraints, in case of total available power of 23 dBm, application of FDSS onto DFT-s-OFDM with pi/2-BPSK at full allocation bandwidth yields a negligible power advantage.

Observation 3: With the considered PA model (regardless of its total available power), the ACLR requirement of 17 dBc is not a limiting factor for any of the evaluated waveforms.  

Observation 4: With the considered PA model (regardless of its total available power) and assumed spectral requirements, DFT-s-OFDM exhibits a power advantage of ~2.5-4 dB over CP-OFDM at the same modulation order (16QAM or below).

Observation 5: In the full-allocation scenarios considered so far, EVM turns out to be the dominant limiting factor of the Tx power.

Observation 6: Distortion-based PAPR-reduction techniques (such as Clipping/Companding And Filtering, or Tone Injection), may not offer any output power benefits for the CP- (or DFT-s-)OFDM waveforms in the considered above-24GHz scenarios under the currently assumed UE RF requirements.

Observation 7: In partial-allocation scenarios, EVM remains the limiting factor of the Tx power for DFT-s-OFDM at modulation orders higher than QPSK’s and for CP-OFDM (with any modulation considered here), while IBE becomes the limiting criterion for DFT-s-OFDM at low modulation orders.

Observation 8: With IBE as the limiting criterion (for DFT-s-OFDM with low modulation order at partial allocations), pi/2-BPSK with FDSS demonstrates a power advantage of ~2 dB relative to QPSK or pi/2-BPSK without shaping.

Observation 9: With IBE as the limiting criterion (for DFT-s-OFDM with low modulation order at partial allocations), pi/2-BPSK without shaping demonstrates very little power advantage relative to QPSK.
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� We ignore here the spurious emission constraint, which is irrelevant within the scope of this contribution, and a certain weak dependence on absolute powers of the IBE constraint. 


� OBO = Output power BackOff.
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