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1 Introduction

In RAN4 #86bis initial agreements on the scope of NR UE performance requirements scope were reached [1]. Additional agreements on the general test scope were made in RAN4 #87 [2-3]. The summary of agreements on the general UE requirements scope is provided in Annex A.
In this contribution we provide views on the NR UE performance requirements scenarios and focus on the general scope of requirements and target scenarios. More details on the channel models, UE demodulation and CSI reporting requirements are covered in the companion papers [4-7].
2 Discussion

2.1 UE performance requirements

The UE performance requirements typically aim to ensure that UE is capable to maintain certain minimum performance under the certain propagation conditions and network configuration. UE implementation has direct impact on the DL performance and DL minimum performance verification shall be the main scope of the UE requirements work. Functional verification of the UL related features shall be left out of scope. 
Similar to LTE the following types of requirements are proposed to be introduced for NR:

· PDSCH performance requirements

· In accordance to the RAN4 #86bis/87 agreement Normal demodulation and SDR requirements should be introduced. The details of the proposed requirements are provided in [4]. No additional PDSCH requirements are foreseen in Rel-15.
· DL control channel demodulation requirements (more details on the test scope are provided in [5])
· PDCCH: DL scheduling grant demodulation requirements were agreed to be defined in the previous meetings. Assuming the PDCCH receive processing does not differ for various DCI formats, no additional requirements are needed for other DCI formats.
· PBCH: PBCH requirements are recommended to be introduced similar to LTE. The respective requirements can be used for the purpose of indication of PBCH performance in the typical conditions. Whether to introduce respective conformance tests can be discussed in RAN5.
· CSI reporting requirements (more details on the test scope are provided in [6])
· CRI: Based on the last meeting agreements the work on CQI, PMI and RI was prioritized. CRI reporting requirements can be considered with the second priority for FR1 in case the feature is mandated by RAN1.
· LI: Additional studies on the feasibility of LI testing shall be conducted before introducing the requirements. The respective requirements can be deprioritized in Rel-15 scope.
· CRI/L1-RSRP: CRI/L1-RSRP reporting was introduced as a part of beam management framework and respective requirements shall be introduced in order to enable beam management concepts in FR2. Meantime, the discussion on L1-RSRP requirements is on-going from the RRM perspective (e.g. whether delay requirements are needed). To avoid duplicated work it is suggested to align with the outcome of the RRM discussion.
Proposal #1:
Define PBCH following NR UE performance requirements in Rel-15 scope with the 2nd priority.
2.2 FR2 requirements

In RAN4 87 it was agreed to define the FR1 requirements in a band agnostic manner. FR2 covers a quite substantial frequency range (24.25 GHz to 52.60 GHz) and assuming practical RF impairments, it may be difficult to define the requirements in a completely band agnostic manner. In Table 1 we provide the summary of the existing frequency bands for FR2 operation (additional bands can be introduced in future).
Table 1. NR FR2 operating bands

	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	n257
	26500 MHz - 29500 MHz
	26500 MHz - 29500 MHz
	TDD

	n258
	24250 MHz - 27500 MHz
	24250 MHz - 27500 MHz
	TDD

	n260
	37900 MHz - 40000 MHz
	37900 MHz - 40000 MHz
	TDD

	n261
	27500 MHz - 28350 MHz
	27500 MHz - 28350 MHz
	TDD


In Table 2 we provide the estimates of the residual EVM after ideal common phase error compensation for the phase noise models defined in the TR 38.803 and for different parts of FR2. It may be observed the EVM substantially grows with the increase of carrier frequency.
Table 2. Phase noise residual EVM after CPE compensation

	Phase noise Model
	EVM [%]

	
	24 GHz
	29 GHz
	39 GHz
	52 GHz

	TR 38.803 Example 1 model (section 6.1.10)
	2.8
	3.6
	4.7
	6.1

	TR 38.803 Example 2 model (section 6.1.11) 
	BS side
	1.8
	2.1
	2.8
	4.0

	
	UE side
	4.6
	5.5
	7.3
	10.0


The DL performance for the high SNR regions can be sensitive to the TX/RX EVM. In Figure 1 we illustrate the PDSCH performance for MIMO rank 2 64QAM operation. The results are provided under TR 38.803 Example 2 model phase noise at Tx/Rx sides. The results show that the performance can be very sensitive to the particular frequency band due to increased phase noise contribution at higher carrier frequencies.
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Figure 1. 64QAM performance for FR2
Same time, we believe that in order to allow simple extension of requirements for additional frequency bands it is desirable to define the FR2 requirements in a band agnostic manner. To ensure that the requirements can be met for all frequency bands, the minimum requirements shall be defined under assumptions of the worst case RF impairments or the MCS levels shall be limited in order to avoid big spread of results between different bands.
Proposal #2:
Define band agnostic requirements for FR2. Further discuss the test conditions and RF impairment assumptions to ensure that the requirements are applicable to all bands.
2.3 SA/NSA requirements

The Rel-15 requirements shall cover both SA and NSA (EN-DC) modes. In general, it is expected that there will be no difference in terms of normal demodulation performance for the SA/NSA and RAN4 should strive to define unified requirements (e.g. reuse basic demodulation requirements for SA/NSA modes). In addition, a limited set of interworking requirements shall be introduced to verify NSA-specific and SA-specific operation (e.g. NR/LTE SDR, NSA specific features incl. DL/UL sharing, single UL, etc.).
In particular, the following test definition approach is suggested:

· 1st priority: SA/NSA Normal demodulation / CSI reporting performance requirements
· Reuse the test case parameters for NSA/SA requirements

· Define same minimum performance requirements for NSA/SA modes

· For NSA requirements define NR requirements only (i.e. no LTE requirements).

· Use noise-free LTE link for NSA mode. LTE link is used for control purposes only

· 2nd priority: SA/NSA SDR performance requirements
· Introduce both LTE and NR requirements

· 3rd priority: performance requirements to verify specific LTE-NR DC features (UL sharing between LTE and NR; SUL; Single UL transmission) can be introduced

· The tests shall be verified on a subset of the EN-DC BCs supported by the UE. It is not reasonable to perform verification on all combinations and, hence, the principles to select the BC should be further discussed. One approach is to allow UE to select the particular BC. In addition, it is expected that different band combinations may support different features. For instance, for some band combinations UE may not support simultaneous UL transmissions on the LTE/NR bands and for some bands simultaneous Tx/Rx is not possible. The respective factors shall be taken into account.

Proposal #3:
NR UE performance requirements shall cover SA/NSA requirements
· SA/NSA Normal demodulation / CSI reporting performance requirements

· Reuse the test case parameters for NSA/SA requirements

· Define same minimum performance requirements for NSA/SA modes

· For NSA requirements define NR requirements only (i.e. no LTE requirements).

· Use noise-free LTE link for NSA mode.

· SA/NSA SDR performance requirements

· Introduce both LTE and NR requirements

2.4 Single carrier and CA/DC requirements

Rel-15 requirements shall cover both single carrier and CA requirements. Assuming the Rel-15 timelines and amount of requirements to be introduced it is recommended to prioritize the following work:
1. Single carrier normal demodulation performance requirements

2. SDR requirements for single carrier and CA

Work on Normal CA demodulation performance requirements can be postponed (e.g. defined once base requirements are complete or postponed to Rel-16).

Proposal #4:
NR UE performance requirements shall cover both single carrier and CA scenarios. Prioritize the following requirements
1. Single carrier normal demodulation performance requirements

2. SDR requirements for single carrier and CA

CA normal demodulation requirements are deprioritized in Rel-15
2.5 Deployment scenarios

For the initial NR UE performance requirements it is recommended to prioritize single TRP scenarios and scenarios for multi-TRP deployments (e.g. CoMP-like) to verify UE operation with multiple TCI states can be considered with lower priority or postponed to the future releases. 
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Proposal #5:
Prioritize work on Single TRP scenarios. Consider multi-TRP DPS scenarios with the 2nd priority.
We also recommended to focus on the noise-limited scenarios without inter-cell interference. The interference-limited scenarios can be considered with lower priority and with the purpose to verify basic interference whitening (IRC) functionality. Other inter-cell interference scenarios can be deprioritized in the Rel-15 scope. The interference scenarios can be considered in application to FR1 only and LTE assumptions on the typical interference power profiles can be reused. For instance it is suggested to reuse the interference power profiles defined for LTE advanced receivers studies (e.g. NAICS) for the requirements definition. For FR2, the requirements shall be defined for the noise limited conditions.
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Proposal #6:
Prioritize work on Single TRP noise-limited scenarios without inter-cell interference. 


Consider inter-cell interference scenario with 2nd priority to verify IRC functionality for FR1. Reuse LTE assumptions on the typical interference power profiles.
2.6 UE SCS/CBW
NR supports a large set of DL/UL CBW/SCS combinations. The performance requirements shall focus on a subset of CBW/SCS combinations which need further discussion. Meantime, the RF tests may cover the full set of CBW/SCS in order to ensure proper UE feature test coverage. In addition, it is desirable to define the requirements in a way to ensure applicability of requirements to any band (or at least on the vast majority of bands). 
In the previous meeting the following agreements were made on the possible downselection of the scenarios:

· Selected some combination(s) of {Channel bandwidth, SCS} as starting point for early stage simulation alignment purpose
· Candidate options for FR1: 
· 20MHz + 30kHz
· 10MHz+ 15kHz 
· 40MHz +30kHz 
· Candidate options for FR2:
· 100 MHz + 120 kHz (baseline for alignment simulation purpose)
· 100 MHz + 60 kHz
· 200 MHz + 120 kHz
· Additional test cases for other specific combinations can be further discussed
For FR1, so far, 26 different bands were introduced. Different bands support different set of CBW/SCS. In Table 1 we summarize the number of supported bands for different CBW/SCS combinations. 
Table 1. Number of supported bands for different CBW/SCS combinations

	SCS

kHz
	UE channel bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	15
	22
	23
	23
	23
	3
	2
	6
	5
	0
	0
	0

	30
	0
	23
	23
	23
	3
	2
	6
	5
	5
	5
	4

	60
	0
	15
	15
	15
	3
	2
	6
	5
	5
	5
	4


It may be observed that 10-20MHz CBW and 15/30 kHz SCS are supported for the majority of bands. The respective configurations are not supported for n51 (1.4 GHz FDD band, which supports 5MHz + 15kHz SCS only), n76 (1.4 GHz SDL band which also supports 5MHz + 15kHz SCS only), and n79 (4.5GHz band which supports CBW ≥40 MHz CBW). Therefore, to ensure sufficient test coverage for the normal demodulation tests, we recommend to prioritize the scenarios identified in the previous meeting:
· 10 MHZ CBW + 15kHz SCS

· 20 MHZ CBW + 30kHz SCS

· 40 MHZ CBW + 30kHz SCS

For FR2, all bands support all feasible CBW/SCS combinations and the following SCS/CBW combinations are recommended for the test case definition:
· 100 MHZ CBW + 60kHz SCS

· 200 MHZ CBW + 120kHz SCS

Proposal #7:
Define the normal demodulation requirements for the following CBW/SCS scenarios. 

FR1:

· 10 MHZ CBW + 15kHz SCS

· 20 MHZ CBW + 30kHz SCS

· 40 MHZ CBW + 30kHz SCS

FR2:

· 100 MHZ CBW + 60kHz SCS

· 200 MHZ CBW + 120kHz SCS

2.7 TDD Configurations
In the previous RAN4 meeting the following agreements were reached on TDD configurations:
	· Introduce multiple configurations covering different scenarios (30 kHz), FFS for detailed configurations.

· FFS for other numerologies

· Configuration for different SCSs will be decided separately 

· Test set-up

· FR1: 

· 15 kHz: DDDSU(aligned with LTE config#2 with 5ms periodicity)

· S = 12D+1Gp+1U

· Candidate options for initial simulation alignment purpose:
· FR1 15 kHz: 
· DDDSU(aligned with LTE config#2 with 5ms periodicity)
· S = 12D+1Gp+1U
· FR1 30 kHz:
· DDDSU 
· 7D1S2U 
· DS1S2U
· S1 = 10D+2Gp+2U, S2 = 12D+2Gp
· FR2 60 kHz: 
· DDDSU
· FR2 120 kHz: 
· DDDSU
· DSDSU
· S = 10D+2Gp+2U
· TDD configurations for performance requirements can be different with initial alignment simulations assumption
· Skip PDSCH scheduling for special sub-frames scheduling for initial simulation purpose, except for DSSU of 30 kHz, DSDSU of 120 kHz


Three candidate TDD configurations were identified for 30kHz FR1 operation in the previous meeting: 1) DDDSU, 2) 7D1S2U and 3) DS1S2U (S1 = 10D+2Gp+2U, S2 = 12D+2Gp). Under certain scenarios NR UL-DL configuration shall be aligned with the LTE configuration. For example, such setting may be required in case of NSA operation for EN-DC BCs which do not support simultaneous Tx/Rx operation. Same time, for other scenarios there may be no restrictions on the NR UL-DL configuration (e.g. for SA case). Therefore, we suggest to use different configurations for the SA/NSA scenarios. For the NSA scenarios, simultaneous Tx/Rx issue may exist for certain band combinations and in order to define band-agnostic requirements alignment with one of the LTE UL-DL configurations is required. In particular, for EN-DC use cases we suggest to make alignment with LTE UL-DL configuration #1 (i.e. 7D1S2U), which is more typical in real deployments. For the SA deployments, no alignment with LTE is needed and more flexible configuration can be selected. For instance, the remaining DDDSU configurations can be considered. In Figure 2 we provide an illustration of the respective HARQ patterns and corresponding HARQ timing.
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	Figure 2. UL-DL configurations for FR1 30 kHz


Several options for TDD configuration in FR2 120 kHz were identified in the previous meeting: DDDSU and DSDSU. Based on previous discussion DSDSU pattern is more suitable for URLLC use cases. So, first of all we suggest to focus on definition of performance requirements for eMBB use case and for this scenarios with suggest to use same UL-DL pattern structure as for 60 kHz SCS, i.e. DDDSU.
Proposal #8:
Use the following UL-DL configurations

· For FR1 tests with 30 kHz SCS: 7D1S2U for NSA test cases and DDDSU for SA test cases

· For FR2 tests: DDDSU

2.8 2RX/4RX requirements for FR1
In RAN4 #86bis it was agreed to introduce both 2RX and 4RX requirements for FR1. RAN4 should further decide on the methodology to define the requirements for different number of RX APs. Taking into account the LTE framework the following questions should be addressed: 

Methodology to define the requirements:
Several possible approaches can be considered to define 2RX/4RX requirements

· Option 1: Define explicit requirements for each number of RX chains

· Option 2: Define explicit requirements for 2RX antennas. Derive the 4RX requirements from 2RX requirements via adding a diversity gain margin

· Option 3: Define explicit requirements for 4RX antennas. Derive the 2RX requirements from 4RX requirements via removal of a diversity gain margin
Option 1 approach will ensure more accurate prediction of the minimum performance for different number of RX chains and more preferable.

Applicability rules for UEs supporting different number RX chains in different bands
Rel-15 UEs will support both 2RX and 4RX operation and the number of RX chains will be band specific. It was also decided that both 2RX and 4RX requirements will be introduced in the Rel-15 scope. Similar to LTE it may be considered that UE needs to pass the 2RX test on the 2RX bands and 4RX tests on the 4RX bands. In order to streamline requirements definition it is suggested to use aligned set for test cases for 2RX and 4RX (except rank 3/4 test cases). From the test procedure perspective forcing UE to pass the same set of test cases for 2RX and 4RX. To minimize the amount of test cases it is suggested that UE which already passed 4RX tests shall not be required to pass the respective 2RX tests.
Proposal #9:
Define explicit requirements for 2RX and 4RX for FR1. UE which passed 4RX tests shall not be required to pass the 2RX tests with similar test purpose. 
2.9 RF impairments

The UE performance requirements shall be defined under practical TX/RX RF impairments assumptions. 

For FR1 the general TX EVM methodology could be reused to model the RF impairments at the TX side. 6% TX EVM can be considered for QPSK/16QAM/64QAM evaluations and 3% TX EVM for 256QAM. The requirements shall also take into account the practical achievable RX EVM.

For FR2 in addition to the constant TX EVM the requirements shall take into account explicitly modelled TX/RX phase noise which needs to be explicitly modelled to ensure that UE performs proper common phase error compensation. The models in the TR 38.803 can be used to define the minimum UE requirements. In Figure 3 we illustrate the phase noise PSD for different frequencies for the phase noise models provided in the 3GPP TR 38.803 [2]. 
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Figure 3. Phase noise models (TR 38.803)
Phase noise has negative impact on both TX and RX signal quality and in general leads to two main effects: 1) Common phase error (CPE) and 2) Inter-carrier interference (ICI). Depending on the phase noise model the CPE effect alone may have noticeable impact on the performance, which can be compensated at the RX side based using the estimates obtained using phase tracking reference signals (PTRS). Hence, explicit modelling of the Phase noise effects shall be considered for the requirements definition. At least CPE effects shall be modelled. 
In addition, residual non PN TX EVM shall be considered and could be in the range from 3% to 5%. The exact value can be chosen in a way to ensure that the total EVM budget is < 6%.
The following FR2 RF impairment modelling framework is proposed:

· TX RF impairments

· Total TX EVM = 6%

· Option 1: PN is explicitly modelled. Remaining TX EVM is modelled as AWGN.
· Option 2: PN CPE effects are explicitly modelled. All TX EVM is modelled as AWGN.

· RX RF impairments

· Option 1: RX phase noise is explicitly modelled as a part of alignment simulations. Phase noise model is FFS (up to UE vendor or based on TR 38.803)

· Option 2: No RF impairments modelled for alignment simulation and all UE RF imperfections are added by the companies to the impairments results (company specify margin)

Proposal #10:
Use the following RF impairments models to define requirements 

· FR1: TX EVM = 6% for QPSK/16QAM/64QAM and 3% for 256QAM

· FR2: Total TX EVM = 6% for QPSK/16QAM/64QAM
· Option 1: PN is explicitly modelled. Remaining TX EVM is modelled as AWGN.

· Option 2: PN CPE effects are explicitly modelled. All TX EVM is modelled as AWGN.

2.10 Multi-path channel emulation complexity
Multi-path channels emulation has strong impact on the TE complexity. The overall complexity (number of faders) depends on the target test setup (the number of RX ports, number of CC, CBW, number of TRPs, etc.) and the number of taps for the channel models. It is desirable to ensure that NR conformance testing could be supported using lower complexity TE solutions based on baseband multi-path channels emulation. The selection of the respective test parameters shall be done taking into account the TE implementation feasibility.
Proposal #11:
Further discuss feasibility and complexity of multi-path fading emulation in TE for target NR UE performance requirements.

3 Conclusion

In this contribution we provide preliminary views on the NR UE performance requirements scenarios. In summary, we make the following proposals:
Proposal #1:
Define PBCH following NR UE performance requirements in Rel-15 scope with the 2nd priority.
Proposal #2:
Define band agnostic requirements for FR2. Further discuss the test conditions and RF impairment assumptions to ensure that the requirements are applicable to all bands.
Proposal #3:
NR UE performance requirements shall cover SA/NSA requirements

· SA/NSA Normal demodulation / CSI reporting performance requirements

· Reuse the test case parameters for NSA/SA requirements

· Define same minimum performance requirements for NSA/SA modes

· For NSA requirements define NR requirements only (i.e. no LTE requirements).

· Use noise-free LTE link for NSA mode.

· SA/NSA SDR performance requirements

· Introduce both LTE and NR requirements

Proposal #4:
NR UE performance requirements shall cover both single carrier and CA scenarios. Prioritize the following requirements
3. Single carrier normal demodulation performance requirements

4. SDR requirements for single carrier and CA

CA normal demodulation requirements are deprioritized in Rel-15

Proposal #5:
Prioritize work on Single TRP scenarios. Consider multi-TRP DPS scenarios with the 2nd priority.
Proposal #6:
Prioritize work on Single TRP noise-limited scenarios without inter-cell interference. 



Consider inter-cell interference scenario with 2nd priority to verify IRC functionality for FR1. Reuse LTE assumptions on the typical interference power profiles.
Proposal #7:
Define the normal demodulation requirements for the following CBW/SCS scenarios. 

FR1:

· 10 MHZ CBW + 15kHz SCS

· 20 MHZ CBW + 30kHz SCS

· 40 MHZ CBW + 30kHz SCS

FR2:

· 100 MHZ CBW + 60kHz SCS

· 200 MHZ CBW + 120kHz SCS

Proposal #8:
Use the following UL-DL configurations

· For FR1 tests with 30 kHz SCS: 7D1S2U for NSA test cases and DDDSU for SA test cases

· For FR2 tests: DDDSU

Proposal #9:
Define explicit requirements for 2RX and 4RX for FR1. UE which passed 4RX tests shall not be required to pass the 2RX tests with similar test purpose. 
Proposal #10:
Use the following RF impairments models to define requirements 

· FR1: TX EVM = 6% for QPSK/16QAM/64QAM and 3% for 256QAM

· FR2: Total TX EVM = 6% for QPSK/16QAM/64QAM

· Option 1: PN is explicitly modelled. Remaining TX EVM is modelled as AWGN.

· Option 2: PN CPE effects are explicitly modelled. All TX EVM is modelled as AWGN.

Proposal #11:
Further discuss feasibility and complexity of multi-path fading emulation in TE for target NR UE performance requirements.
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Annex A
RAN4 #86bis agreements [1]

	NR UE performance requirements

· Define the following NR UE performance requirements

· Demodulation performance requirements
· PDSCH (normal demodulation and SDR)

· PDCCH

· At least DL scheduling grant (DCI 1_0 and/or 1_1)

· FFS for PBCH

· CSI reporting requirements

· CQI reporting

· PMI reporting

· RI reporting

· FFS for: CRI reporting; CRI/L1-RSRP reporting; LI reporting

· Duplexing mode
· FR1: Define both FDD and TDD requirements
· FR2: Define TDD requirements only
· UE SCS/CBW
· Set of SCS and UE CBW combinations is FFS. The applicable bands are FFS.

· UL/DL configuration for TDD

· Define requirements only for semi-static configuration in Rel-15

· Exact TDD configurations are FFS
· HARQ timing and number of processes is FFS
· Number of UE RX ports and MIMO layers

· FR1

· Define 2RX and 4RX ports requirements

· Up to 4 MIMO layers

· FR2

· Define 2RX ports requirements

· Up to 2 MIMO layers

· MCS/TBS for PDSCH demodulation
· FR1

· QPSK/16QAM/64QAM/256QAM

· FR2

· QPSK/16QAM/64QAM


RAN4 #87 agreements [2]

	Test coverage

· First focused on the mandatory features
· FFS for handling mandatory features with and without capability signalling in same priority or not
Configurations of Channel bandwidth and SCS (Channel Bandwidth +SCS)

· Introduce performance requirements in band agnostic manner per frequency range at least for FR1
· Selected some combination(s) of {Channel bandwidth, SCS} as starting point for early stage simulation alignment purpose
· Candidate options for FR1: 
· 20MHz + 30kHz
· 10MHz+ 15kHz 
· 40MHz +30kHz 
· Candidate options for FR2:
· 100 MHz + 120 kHz (baseline for alignment simulation purpose)
· 100 MHz + 60 kHz
· 200 MHz + 120 kHz
· Additional test cases for other specific combinations can be further discussed
TDD DL/UL configuration

· Introduce multiple configurations covering different scenarios (30 kHz), FFS for detailed configurations.

· FFS for other numerologies

· Configuration for different SCSs will be decided separately 

· Test set-up
· FR1: 

· 15 kHz: DDDSU(aligned with LTE config#2 with 5ms periodicity)

· S = 12D+1Gp+1U

· Candidate options for initial simulation alignment purpose:

· FR1 15 kHz: 

· DDDSU(aligned with LTE config#2 with 5ms periodicity)

· S = 12D+1Gp+1U

· FR1 30 kHz:

· DDDSU 

· 7D1S2U 

· DSSU

· S1 = 10D+2Gp+2U, S2 = 12D+2Gp

· FR2 60 kHz: 

· DDDSU

· FR2 120 kHz: 

· DDDSU

· DSDSU

· S = 10D+2Gp+2U

· TDD configurations for performance requirements can be different with initial alignment simulations assumption

· Skip PDSCH scheduling for special sub-frames scheduling for initial simulation purpose, except for DSSU of 30 kHz, DSDSU of 120 kHz
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