3GPP TSG-RAN WG4 Meeting #85

R4-1714372
Reno, USA, November 27 – December 1, 2017
Agenda item:
9.4.3.2.2
Source:
Intel Corporation, Qualcomm
Title:
TP to TS38.101-2 on EVM equalizer spectrum flatness requirements
Document for:
Approval
1
Introduction
This TP provides a proposal on the EVM equalizer spectrum flatness for FR2 to V0.1.0 of TS38.101-2 [1]. This TP also implements the agreements related to BPSK modulation waveforms with spectrum shaping achieved during RAN4 #85.
2
Discussion

It was agreed during the RAN4 #84bis meeting that the EVM related parameters are agreed as MPR simulation targets and not requirements.  In our understanding, this applies to EVM equalizer spectrum flatness. To make progress on this requirement, we examine the EVM equalizer spectrum flatness parameters.
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The following parameters need to be defined to complete the requirement:

1. The transition frequency gap X (defined as TBD % of the CC bandwidth)

2. The maximum ripple for Range 2

3. The relative coefficient differences
Furthermore, the requirements for extreme temperature and voltage conditions should be defined once the values for the normal conditions are stabilized.

Regarding the transition frequency gap, a definition of X that is proportional to the CC bandwidth is highly preferred due to the large CBWs under consideration in FR2 (in Rel-15 we anticipate the maximum CBW to be 400 MHz). However, from the forward-compatibility perspective, it is not infeasible to anticipate large CBWs in future releases. Thus, the transition frequency gap should be defined as 20% of the CC bandwidth under normal conditions and relaxed to 25% under extreme conditions.

Proposal 1: The transition frequency gap X is defined as 20% of the CC bandwidth under normal conditions and as 25% of the CC bandwidth under extreme conditions

When considering the definition of the ripple requirements (max ripple for Range 2 and the relative coefficient differences), we observe two factors associated with the UE implementation in FR2 that are not necessarily aligned with the LTE assumption which went into the EVM flatness requirement in TS36.101:
Observation 1: The filter design characteristics for FR2 are not expected to be as sharp in their transitions as in LTE (or NR sub-6 GHz).

We consider the current agreement on spectrum utilization for FR2 [3]:
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We observe that 95% spectrum utilization occurs in the majority of cases.
Observation 2: The largest spectrum utilization case is 95% of the bandwidth for FR2, which represents an increased utilization of the overall spectrum when compared to LTE (90%).

Given Observation 2, the equalizer ripple is expected to increase relative to the LTE baseline.
Proposal 2: The maximum ripple for Range 2 is defined as 12 dB under normal conditions and 16 dB under extreme conditions.
Combining Proposals 1 and 2 we derive the values for the specification provided in this text proposal.
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4
Text Proposal
This text proposal introduces the environmental conditions to TR38.817-2 and is provided below.
---   <Start of change 1> ---

6.4.1
Frequency Error

The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of [1 ms] compared to the carrier frequency received from the NR gNB.
---   <End of change 1> ---

---   <Start of change 2> ---

6.4.2.4

EVM equalizer spectrum flatness

The EVM measurement process (as described in TBD) entails generation of a zero-forcing equalizer. The EVM equalizer spectrum flatness is defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB) across the allocated uplink block. The basic measurement interval is the same as for EVM. 

For QPSK and higher order modulation waveforms, the minimum requirements are defined in Clause 6.4.2.4.1. For BPSK modulation waveforms, the minimum requirements are defined in Clause 6.4.2.4.2.
6.4.2.4.1
Minimum requirements

These requirements are defined for QPSK and higher order modulations and are not applicable to BPSK modulations. The peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.4.2.4.1-1 for normal conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirements: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 9 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 11 dB (see Figure 6.4.2.4.1-1).

Table 6.4.2.4.1-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X MHz 

(Range 2)
	12 (p-p)

	NOTE 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
FUL_Low and FUL_High refer to channel edges

NOTE 3:
X, in MHz, is equal to 20% of the CC bandwidth


Table 6.4.2.4.1-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X MHz 

(Range 2)
	16 (p-p)

	NOTE 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
FUL_Low and FUL_High refer to channel edges

NOTE 3:
X, in MHz, is equal to 25% of the CC bandwidth
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Figure 6.4.2.4.1-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated under normal conditions (the requirement under extreme conditions is within the parentheses).
6.4.2.4.2
Minimum requirements for BPSK modulation
These requirements are defined for BPSK modulations.
Editor’s note: the minimum requirements for BPSK modulation need to be added for normal and extreme conditions
---   <End of change 2> ---
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WF on spectral utilization for mmWave
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Note 1:  Above RB values are agreed based on the assumption of symmetric guard band. If asymmetric guard-band agreed, potential 1 RB reduced may be considered. 


The RB values in the table are only meant to indicate the minimum guard band achievable for a given SCS and channel BW. The actual maximum RB allocation can be  equal to or 1 RB less than the values shown in the table.


Note1: Above RB values are agreed based on the assumptions of below requirements for mm Wave:


BS requirements: output power limit (R4-1706960), ALCR/ACS requirements  (R4-1706954),SEM requirements (R4-1706964); 


UE requirements: Power  Class definition (R4-1706945), ALCR/ACS requirements (R4-1706063), SEM requirements (R4-1706073); 


Companies can further check and bring analysis for above RB values based on further agreements for above requirements and agreements for  channel raster, BS EVM and UE EVM requirements.


Above RB values are agreed based on the assumption of  no edge PRB EVM requirements in Rel-15. 


Note2: Above RB values are derived based on RAN4 perspective, which can be further check by other working groups i.e. sub-carrier and RB alignment, and RB allocation restriction for DFT-OFDM waveform
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