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1 Introduction

In RAN4 #86bis initial agreements on the scope of NR UE performance requirements scope were reached [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


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 [2-5].
2 Discussion
2.1 Target UE performance requirements

The UE performance requirements typically aim to ensure that UE is capable to maintain certain minimum performance under the given 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 agreement the Normal demodulation and SDR requirements should be introduced. The details of the proposed requirements are provided in [3]. No additional types of requirements are foreseen in Rel-15.
· DL control channel demodulation requirements (more details on the test scope are provided in [4])
· PDCCH: DL scheduling grant requirements were agreed in the previous meeting. Assuming the PDCCH RX processing does not different for different 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 conformance tests can be discussed in RAN5.
· CSI reporting requirements (more details on the test scope are provided in [5])
· CRI: It is suggested to prioritize the requirements definition for CQI, PMI and RI. CRI reporting requirements can be considered with the second priority.

· LI: Additional studies on the feasibility of LI testing shall be conducted before introducing the requirements

· L1-RSRP: The discussion on L1-RSRP requirements is on-going from the RRM perspective (e.g. whether delay requirements are needed and if it would be included in the core and/or performance parts). Therefore, to avoid duplicated work it is suggested to align with the outcome of the RRM discussion.
The full set of requirements is illustrated in Figure 1.
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Figure 1. NR UE Demodulation / CSI performance requirements
Proposal #1:
Define the following NR UE performance requirements

· PBCH demodulation requirements
· CRI reporting requirements (second priority)
2.2 FR1/FR2 requirements

NR UE performance requirements shall provide sufficient coverage for both FR1 and FR2. 
Different test methodologies will be used for FR1 and FR2:

· FR1: For FR1, similar to LTE, conducted test methodology will be used in the Rel-15. OTA E2E performance requirements can be considered in the future releases similar to LTE.

· FR2: For FR2, the UE performance requirements will be based on the OTA / radiated test methodology which is being defined in the scope of the NR Testability SI. In accordance to the current agreements a simplified baseband verification test method (“cable replacement”) will be used. Full OTA E2E verification methodology requires availability of devices and not directly applicable for the purpose of BB functionality conformance testing and can be considered in the future releases once the devices are available in the market. 

Despite the fact the underlying test methodology physical principles are different, RAN4 should aim to define the test cases in a way to unify the test setups and metric to make the test methods transparent from the RAN4 specification perspective.

The FR1 requirements are expected to be band agnostic. RAN4 needs to further investigate whether the FR2 requirements can be defined in a frequency agnostic manner assuming that the TX/RX RF impairments (e.g. phase noise) may substantially vary across supported bands for FR2.

It is anticipated that FR2 test methodology might require larger test time and would imply higher cost comparing to FR2. In addition, the achievable SNR control accuracy could be lower and should be further clarified in the scope of the Testability SI. Therefore, RAN4 should carefully consider the amount of FR2 test cases and strive to focus on the verification of essential aspects only. It is also observed that many UE baseband algorithms will be same for FR1 and FR2 and, hence, test case duplication should be avoided. Therefore, it is recommended that verification of shared FR1/FR2 baseband features should be done under FR1 conditions, wherever possible.

Proposal #2:
Define both FR1 and FR2 performance requirements in Rel-15 scope
· Define band agnostic requirements for FR1. FFS if band-agnostic requirements can be defined for FR2.
· Minimize the amount of FR2 test cases to avoid impacts on the overall conformance test time and cost

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 a relatively small 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 for NSA modes:

· Define normal demodulation / CSI reporting test

· Define NR requirements only (i.e. no LTE requirements).

· Strive to reuse the test cases between the NSA/SA modes

· Define LTE/NR SDR test cases

· Introduce both LTE and NR requirements

· 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.

· The initial stage it is recommended to prioritize work on the basic requirements. Once the basic requirements are introduced, additional performance requirements to verify specific LTE-NR DC features (UL sharing between LTE and NR; SUL; Single UL transmission) can be introduced.

Proposal #3:
NR UE performance requirements shall cover SA/NSA requirements
· Reuse basic demodulation / CSI requirements for SA/NSA modes
· NSA requirements:

· Define only NR requirements for normal demodulation / CSI tests
· Define both LTE and NR requirements for SDR test cases

· FFS on how to select the BCs for NSA performance requirements

· FFS for LTE configuration for the NSA performance 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

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) can be considered with lower priority to verify UE operation with multiple TCI states 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 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). 
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 following scenarios:
· 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:
· 50 MHZ CBW + 60kHz SCS

· 100 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:

· 50 MHZ CBW + 60kHz SCS

· 100 MHZ CBW + 120kHz SCS

2.7 TDD Configurations
The applicable TDD configurations are now being discussed in application to the REFSENS SNR requirements. It is expected that the TDD configurations for both FR1 and FR2 and different SCS will be defined. To reduce the duplicated efforts it is recommended to use the agreed DL/UL configurations and HARQ parameters as the baseline parameters for the UE demodulations / CSI requirements definition.
Proposal #8:
Reuse DL/UL configurations defined for REFSENS for base NR demodulation requirements. 

2.8 Number of RX ports
In RAN4 #86bis it was agreed to introduce both 2RX and 4RX requirements. 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 

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

· 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

· Applicability rules for UEs supporting different number RX chains in different bands
Proposal #9:
Further discuss the methodology to define the 2RX/4RX requirements for FR1 and applicability rules for UEs supporting different number of RX chains in different bands.
For FR2 it was decided to introduce 2RX port requirements. However, we note that the overall RX architecture is more complex comparing to FR1 and include one or more antenna panels each including an antenna array. Each antenna panel is connected to the RF/BB using a certain number of RX ports / chains. The high-level receiver architecture is shown in Figure 1.
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Figure 2. FR2 receiver
In general case, UE may be equipped with multiple antenna panels. The main purpose of multiple panels is to ensure that UE has sufficient coverage and is capable to operate with signals coming from different spatial directions. Typically the panels are placed in a way that there is quite low probability that UE can tune optimally the RX beams from different panels to the same spatial direction. Hence, it is not supposed that UE should be capable to perform simultaneous receptions of signals using multiple panels. Therefore, for Rel-15 a single active RX panel shall be considered for the requirements definition. 

Proposal #10:
For FR2 define the performance requirements under assumption of single active RX antenna panel
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]. 

	[image: image5.emf]10

2

10

3

10

4

10

5

10

6

10

7

Frequency offset, [Hz]

-140

-120

-100

-80

-60

-40

-20

P

S

D

 

[

d

B

c

/

H

z

]

Model1 29.5 GHz n257

Model1 40 GHz n260


	[image: image6.emf]10

2

10

3

10

4

10

5

10

6

10

7

Frequency offset, [Hz]

-140

-120

-100

-80

-60

-40

-20

P

S

D

 

[

d

B

c

/

H

z

]

Model2 BS 29.5 GHz n257

Model2 BS 40 GHz n260

Model2 UE 29.5 GHz n257

Model2 UE 40 GHz n260




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: 
· Common phase error (CPE) 
· 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 shall be considered for both TX and RX sides for FR2. RAN4 can agree on a certain model at least for the TX phase noise modelling and the 3GPP TR 38.803 models can be a good starting point.
Proposal #11:
Use the following RF impairments models to define requirements 

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

· FR2: [X]% TX EVM (AWGN based) and explicitly modelled TX/RX phase noise

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 the following NR UE performance requirements

· PBCH demodulation requirements

· CRI reporting requirements (second priority)

Proposal #2:
Define both FR1 and FR2 performance requirements in Rel-15 scope

· Define band agnostic requirements for FR1. FFS if band-agnostic requirements can be defined for FR2.

· Minimize the amount of FR2 test cases to avoid impacts on the overall conformance test time and cost

Proposal #3:
NR UE performance requirements shall cover SA/NSA requirements

· Reuse basic demodulation / CSI requirements for SA/NSA modes

· NSA requirements:

· Define only NR requirements for normal demodulation / CSI tests

· Define both LTE and NR requirements for SDR test cases

· FFS on how to select the BCs for NSA performance requirements

· FFS for LTE configuration for the NSA performance 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

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:

· 50 MHZ CBW + 60kHz SCS

· 100 MHZ CBW + 120kHz SCS

Proposal #8:
Reuse DL/UL configurations defined for REFSENS for base NR demodulation requirements. 

Proposal #9:
Further discuss the methodology to define the 2RX/4RX requirements for FR1 and applicability rules for UEs supporting different number of RX chains in different bands.
Proposal #10:
For FR2 define the performance requirements under assumption of single active RX antenna panel
Proposal #11:
Use the following RF impairments models to define requirements 

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

· FR2: [X]% TX EVM (AWGN based) and explicitly modelled TX/RX phase noise
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