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Introduction
In the previous RAN4 meeting, WF on PUSCH 256QAM performance requirements [1] was agreed:
In this paper we provide our view on remaining open issues related to BS requirements for FR1 256QAM.
Discussion
The current status for open issues is listed below
	· MCS: Evaluate {MCS24, MCS22} as starting point for next meeting, based on the simulation results to decide if MCS24 is feasible, otherwise to check lower MCS22 is feasible or not.
· Additional DM-RS (dmrsAdditionalPosition): pos1, FFS pos2
· Decide based on interesting companies’ feedback for next meeting
· PT-RS configuration: FFS configure PT-RS.
· Further discuss and decide whether to configure PT-RS or not based on feedback from interesting companies in next meeting. 
· Phase Noise modelling:  
· Realistic phase noise modelling is left up to the contributing entities. 
· FFS how to consider phase noise impact based on further discussion and evaluations. 
· Interesting company is welcome to do investigation on the PN impact on 256QAM performance for next meeting. 
· Tx EVM: 
· Interesting companies are welcome to check the performance difference with and without Tx EVM (3.5% as baseline) impact considered. 
· RAN4 will discuss and decide whether additional margin should be considered in alignment results if no Tx EVM modelling in next meeting as per the evaluations results.
· Number of Tx:
· Option 1: Only 1Tx 
· Option 2: Both 1Tx and 2Tx
· Number of Rx:
· Option 1: 2/8 Rx 
· Option 2: 2/4/8 Rx
· Number of layers:
· Option 1: Only 1 layer 
· Option 2: Both of 1 and 2 layers
· SCS and bandwidth
· 15kHz SCS:
· Option 1: 5MHz and 10MHz 
· Option 2: 5MHz, 10MHz and 20MHz.
· 30kHz SCS
· Option 1: 10MHz and 40MHz 
· Option 2: 10MHz, 20MHz, 40MHz and 100MHz.
· Applicability rule for different antenna configurations
· Option 1: Reuse the existing test applicability rule defined in clause 8.1.2.0 of TS38.141-1
· Other options
· Applicability rules for different SCS and CBW
· Option 1: Reuse the existing applicability rules defined in sections 8.1.2.1.1 and 8.1.2.1.2 of TS 38.141-1
· Other options.


Phase Noise modelling
Typically phase noise impact is consider for high carrier frequency scenarios (FR2) and does not have impact of scenarios with low carrier frequency (FR1). In Section 3 we provide initial simulation results with and without explicit phase noise modelling. From these results we can observe that explicit phase noise modelling does not have impact on 256QAM performance for FR1 scenario.
Proposal 1:	Don’t consider phase noise impact for FR1 PUSCH 256QAM requirements definition.
PT-RS configuration
PT-RS signals are required for estimation and further compensation of common phase error cause by phase noise effect. Based on previous discussion, phase noise does not lead to any performance degradation for FR1 scenario. Therefore, we suggest not to configure PT-RS for 256QAM requirements.
Proposal 2:	Don’t configure PT-RS for FR1 PUSCH 256QAM requirements definition.
Number of additional DM-RS
In the previous meeting it was agreed to use TDL30-10 channel model for 256QAM requirements. For such low speed channel model one additional DMRS is sufficient to achieve good channel estimation quality. Also, in the previous meeting, the reason to include scenario with two additional DMRS was potential phase noise impact and high number of DMRS symbols can be used to mitigate its impact. Same time, based on our analysis in Section 3, no performance degradation is observed with one additional DMRS and explicit phase noise modelling.
Proposal 3:	Consider only scenario with 1 additional DMRS for FR1 PUSCH 256QAM requirements definition.
Tx EVM assumptions
Nonzero Tx EVM modelling is usually considered to take into account imperfection of TX signal. Based on results from Section 3, we can observe that 3.5% Tx EVM may lead to 0.6 – 0.9 dB performance degradation for the consider scenarios. Therefore, similar to UE requirements definition assumptions, we suggest to include 3.5% Tx EVM in the alignment simulation results.
Proposal 4:	Consider 3.5% Tx EVM modelling for FR1 PUSCH 256QAM alignment simulation results.
Number of Tx and Number of layers
Based on our understanding, the main purpose of these requirements is to verify correct 256QAM receive processing which can be done either for scenario with 1 MIMO layer neither for scenario with 2 MIMO layers. Therefore, we think that it will be sufficient from test coverage point of view to pick only one scenario. Taking into account that SNR operating point for scenario with 2 receive antennas and 2 MIMO layers can be rather high, we suggest to consider scenario with 1 MIMO layer for requirements definition.
As for number of TX antennas, at current stage 1 Tx case is considered for all BS requirements with 1 MIMO layer. Therefore, we suggest to consider the same configuration.
Proposal 5:	Define FR1 PUSCH requirements with 256QAM modulation for scenarios with 1 TX antenna and 1 MIMO layer
Number of Rx and Applicability rule for different antenna configurations
Rel-15 requirements are defined for scenarios with 2, 4 and 8 receive antenna. If BS supports higher number of RX antennas, then 8 Rx requirements are applied with using of specific connectors based on manufacturer declaration. Therefore, to reduce simulation effort we can define requirements for scenario with 2 and 8 receive antenna and use similar applicability rules for testing of BS with 4 and higher than 8 receive antennas:
· Modified applicability rule for 4 Rx BS: Unless otherwise stated, for a BS supporting 4 antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H), the performance requirement tests for 2 RX antennas shall apply, and the specific connectors used for testing are based on manufacturer declaration.
Proposal 6:	Define FR1 PUSCH requirements with 256QAM modulation for scenarios with 2 and 8 receive antennas and use the following applicability rules:
· BS with higher than 8 receive antennas: Reuse applicability rule in clause 8.1.2.0 of TS38.141-1. 
· BS with higher 4 receive antennas: Unless otherwise stated, for a BS supporting 4 antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H), the performance requirement tests for 2 RX antennas shall apply, and the specific connectors used for testing are based on manufacturer declaration.
SCS/bandwidth and Applicability rules for different SCS and CBW
Based on TS 38.141-2 the following applicability rule is defined for testing of different CBW
	Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.


Based on our understanding, such applicability rule allows to have rather flexible set of CBWs covered by minimum performance requirements and have sufficient test coverage. Therefore, to reduce simulation effort we think that CBWs 5MHz and 10MHz can be considered for scenario with 15 kHz SCS and CBWs 10MHz and 40MHz can be considered for scenario with 30 kHz SCS.
As for testing of different SCS, we think that existing applicability rule can be reused for definition of FR1 256QAM requirements.
[bookmark: _Hlk71478293]Proposal 7:	Define FR1 PUSCH requirements with 256QAM modulation for CBWs 5MHz and 10MHz for 15 kHz SCS and for CBWs 10MHz and 40MHz for 30 kHz SCS. Reuse applicability rules defined in sections 8.1.2.1.1 and 8.1.2.1.2 of TS 38.141-1.
Simulation results
In Figure 1 we provide initial simulation results for FR1 256QAM scenario using the following assumptions:
· SCS/CBW: 15 kHz / 10 MHz
· PDSCH mapping type A
· One additional DMRS
· PT-RS is not configured
· FRC: MCS 22 and 24 with 1 MIMO layer
· TX EVM: 0 and 3.5%
· Phase noise modelling: off and on
· Phase noise is Example 1 from TR 38.803 with transfer to low carrier frequency
	MCS 22, Antenna configuration 1x2

	MCS 22, Antenna configuration 1x8


	MCS 24, Antenna configuration 1x2

	MCS 24, Antenna configuration 1x8


	[bookmark: _Ref71476025]Figure 1. FR1 256QAM simulation results


Observation 1:	Introduction of 3.5% Tx EVM leads to 0.6 – 0.9 dB degradation depending on scenario.
Observation 2:	Introduction of phase noise does not degrade the performance.
Conclusion
In this paper we provided view on BS requirements for FR1 256QAM and made the following proposals:
Proposal 1:	Don’t consider phase noise impact for FR1 PUSCH 256QAM requirements definition.
Proposal 2:	Don’t configure PT-RS for FR1 PUSCH 256QAM requirements definition.
Proposal 3:	Consider only scenario with 1 additional DMRS for FR1 PUSCH 256QAM requirements definition.
Proposal 4:	Consider 3.5% Tx EVM modelling for FR1 PUSCH 256QAM alignment simulation results.
Proposal 5:	Define FR1 PUSCH requirements with 256QAM modulation for scenarios with 1 TX antenna and 1 MIMO layer
Proposal 6:	Define FR1 PUSCH requirements with 256QAM modulation for scenarios with 2 and 8 receive antennas and use the following applicability rules:
· BS with higher than 8 receive antennas: Reuse applicability rule in clause 8.1.2.0 of TS38.141-1. 
· BS with higher 4 receive antennas: Unless otherwise stated, for a BS supporting 4 antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H), the performance requirement tests for 2 RX antennas shall apply, and the specific connectors used for testing are based on manufacturer declaration.
Proposal 7:	Define FR1 PUSCH requirements with 256QAM modulation for CBWs 5MHz and 10MHz for 15 kHz SCS and for CBWs 10MHz and 40MHz for 30 kHz SCS. Reuse applicability rules defined in sections 8.1.2.1.1 and 8.1.2.1.2 of TS 38.141-1.
Observation 1:	Introduction of 3.5% Tx EVM leads to 0.6 – 0.9 dB degradation depending on scenario.
Observation 2:	Introduction of phase noise does not degrade the performance.
References
[1] [bookmark: _Ref71225971][bookmark: _Ref39839544][bookmark: _Ref31892213][bookmark: _Ref12973084][bookmark: _Ref47633322][bookmark: _Ref67577326]R4-2106120 “Way forward on PUSCH 256QAM performance requirements”, Intel Corporation, RAN4 #98-bis-e, April 2021
[2] RP-202828 “Revised WID: Further enhancement on NR demodulation performance”, China Telecom, RAN #90-e, December 2020.



3/4
image1.emf
0 5 10 15 20 25 30

SNR, dB

0

5

10

15

20

25

30

35

40

45

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, 256QAM (MCS22), 1x2

Tx EVM 0%, PN off

Tx EVM 3%, PN off

Tx EVM 0%, PN on


image2.emf
-5 0 5 10 15 20

SNR, dB

0

5

10

15

20

25

30

35

40

45

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, 256QAM (MCS22), 1x8

Tx EVM 0%, PN off

Tx EVM 3%, PN off

Tx EVM 0%, PN on


image3.emf
0 5 10 15 20 25 30

SNR, dB

0

5

10

15

20

25

30

35

40

45

50

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, 256QAM (MCS24), 1x2

Tx EVM 0%, PN off

Tx EVM 3%, PN off

Tx EVM 0%, PN on


image4.emf
-5 0 5 10 15 20 25

SNR, dB

0

5

10

15

20

25

30

35

40

45

50

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, 256QAM (MCS24), 1x8

Tx EVM 0%, PN off

Tx EVM 3%, PN off

Tx EVM 0%, PN on


