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1 Introduction

In RAN #82 the RAN4 timelines for the R15 NR WI completion were adjusted. The target for Rel-15 NR WI performance part completion for the late drop is agreed to be RAN#86, Dec 2019 [1]. In our understanding the work on the regular NR UE demodulation requirements is supposed to be completed by the mid of 2019, while the Dec 2019 deadline is applicable to the features that could be classified as a late drop. Overall, there may be a certain ambiguity on the anticipated scope of further R15 NE UE demodulation discussions. To ensure timely completion of the RAN4 R15 NR work it is important to agree on a stable scope of RAN4 discussions for the NR UE Demodulation and CSI requirements in 2019. In this contribution we provide views on the remaining open issues and additional requirements to be included in the R15 scope.
2 Discussion

2.1 Rel15 requirements test coverage overview
The existing Rel-15 NR UE performance requirements provide a sufficiently good coverage of the baseline NR functionality and guarantee proper UE performance in the initial NR deployments:
· UE features: 
· Requirements focus on verification the mandatory features with and without UE capability signalling. 
· Limited set of requirements for optional UE features is supported (R-ML SU-MIMO, additional DMRS for LTE co-existence scenarios).
· Wide set of Demodulation and CSI reporting performance requirements types
· PDSCH demodulation
· SDR
· PDCCH demodulation
· PBCH demodulation

· CSI reporting (CQI, PMI, RI)
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Figure 1. R15 UE performance requirements overview
· Single carrier / CA / EN-DC requirements

· Single carrier normal demodulation performance requirements for single carrier and EN-DC. 
· SDR requirements for single carrier, CA, and EN-DC.
· FR1 and FR2 bands
· FDD/TDD modes for FR1 and TDD mode for FR2
· Single TRP scenarios
· Noise limited conditions

· Typical set of propagation conditions
It can be observed that existing requirements already provide a sufficient coverage for the key NR features and should guarantee proper UE operation in the field.
Observation #1: Existing set of R15 NR UE Demodulation/CSI requirements provides a sufficient coverage of the baseline NR functionality
2.2 Remaining open issues

RAN4 already reached a good progress on the NR UE performance requirements definition. Same time the work on many of the test cases is still ongoing. The following open issues (additional test cases, undefined or missing test parameters) were identified based on the review of the recent TS 38.101-4 and taking into account RAN4 agreements.
Conducted demodulation requirements (FR1)

· Requirements applicability

· Requirements applicability section is missing
· PDSCH demodulation

· Tests purposes are in [] and shall be confirmed 

· SNR requirements finalization (remove [] and FFS)
· Test parameters:
· Common

· TCI state and QCL configuration parameters

· PDCCH parameters

· HARQ ACK/NACK bundling is missing
· Test 5.2.2.1.1: Number of HARQ processes is in [], K1 value

· Test 5.2.2.1.2: K1 value
· Test 5.2.2.1.4: LTE carrier centre is in []

· Test 5.2.2.2.1: Number of HARQ processing for test 2-1 is in []
· Test 5.2.3.1.1: Number of HARQ processing for test 2-1 is in []
· Test 5.2.3.1.2: K1 value

· Test 5.2.3.1.4: LTE carrier centre is in []

· Test 5.2.3.2.1: Number of HARQ processing for test 2-1 is in []
· Additional requirements:
· HST single tap PDSCH demodulation requirements (note: based on RAN #81 agreements [2] the respective requirements shall be considered in H1’2019)
· Requirements for LTE-NR co-existence scenario with a new DMRS pattern [3]
· FFS: Additional soft buffer requirements for PDSCH mapping type A [3]
· Additional test with 70% test point with 8 HARQ process for FDD 

· Additional test with 70% test point with 16 HARQ process for TDD

· FFS: Test case to verify Dynamic TDD DL-UL determination [3]
· PDCCH demodulation

· Tests purposes are in [] and shall be confirmed 

· SNR requirements finalization (remove [] and FFS)
· Test parameters:
· TCI state and QCL configuration parameters

· REG bundle size for 4Rx with interleaved CCE-to-REG mapping

· Additional requirements
· FFS: Test cases for AL=16 with 4RX 
· PBCH requirements
· SNR requirements finalization 
· Additional requirements:
· FFS: Requirements with knowledge of SSB index

· FFS: Requirements with 4Rx
· SDR Single Carrier and CA requirements
· MCS indexes for indicated UE capabilities 

· Sustained rate minimum duration 
· Test parameters

· Number of PDCCH candidates and aggregation levels a
· DCI format 
· Number of HARQ Processes for FDD/TDD 
· Antenna configuration is in []
· HARQ ACK/NACK bundling 
Conducted CSI reporting requirements

· Requirements applicability

· Requirements applicability section is missing
· Common test parameters

· Number of PDCCH candidates and aggregation levels 
· DCI format 
· PDSCH VRB-to-PRB mapping interleaver bundle size 
· HARQ ACK/NACK bundling 
· Reporting of Channel Quality Indicator (CQI)
· CQI reporting definition under AWGN conditions:

· Requirements finalization (remove [] and FFS) 
· SNR level separation is in []

· Test parameters 
· SNR values are in []
· Beamforming Model
· Measurement channel
· Several parameters are in []
· Wideband CQI requirements in fading channels:
· Requirements finalization (remove [] and FFS)
· Test parameters 
· SNR values are FFS
· Beamforming Model 
· Measurement channel
· Several parameters are in []
· Sub-band CQI requirements in fading channels:
· Requirements finalization (remove [] and FFS)
· Test parameters 
· SNR values are in []
· Antenna configuration and correlation
· Beamforming Model
· Measurement channel
· Physical channel for CSI report 

· Several parameters are in []
· Reporting of Precoding Matrix Indicator (PMI)
· Requirements finalization (remove [] and FFS)
· Test parameters: 
· Beamforming Model
· Measurement channel 
· Reporting of Rank Indicator (RI)
· Requirements finalization (remove [] and FFS)
· Test parameters: 
· SNR
· Beamforming Model
· Measurement channel 
Radiated demodulation requirements (FR2)

· Requirements applicability

· Requirements applicability section is missing
· PDSCH demodulation

· Tests purposes are in [] and shall be confirmed 

· SNR requirements finalization (remove [] and FFS)
· Test parameters:
· Common

· TCI state and QCL configuration parameters

· PDCCH parameters

· First DMRS position for Type A PDSCH mapping
· Test 7.2.2.2.1: Number of HARQ processing for test 2-2 is TBD
· PDCCH demodulation

· Tests purposes are in [] and shall be confirmed 

· SNR requirements finalization (remove [] and FFS)
· Test parameters:
· Slots for PDCCH monitoring

· Number of PDCCH candidates
· TCI state and QCL configuration parameters

· Additional requirements
· FFS: Test cases for AL=16 with 4RX 
· PBCH requirements
· SNR requirements finalization 
· Additional requirements:
· FFS: Requirements with knowledge of SSB index

· SDR CA requirements
· Requirements are missing from the specification

· FR2 SDR requirements methodology is still TBD

· Test SNR point to tested MCS mapping table is TBD

Radiated CSI reporting requirements (FR2)
· Requirements applicability

· Requirements applicability section is missing
· Common test parameters

· EPRE ratio of PTRS to PDSCH 
· Number of PDCCH candidates and aggregation levels 
· DCI format 
· PDSCH VRB-to-PRB mapping interleaver bundle size 
· PTRS configuration
· HARQ ACK/NACK bundling 
· K1 value
· Reporting of Channel Quality Indicator (CQI)
· CQI reporting definition under AWGN conditions:

· Requirements finalization (remove [] and FFS) 
· SNR level separation is in []

· Test parameters 
· SNR values are in []
· DL BWP configuration
· Beamforming Model
· Measurement channel
· CQI/RI/PMI delay
· Several parameters are in []
· Wideband CQI requirements in fading channels:
· Requirements finalization (remove [] and FFS)
· Test parameters 
· SNR values are FFS
· DL BWP configuration
· Beamforming Model 
· Measurement channel
· Several parameters are in []
· Reporting of Precoding Matrix Indicator (PMI)
· Requirements finalization (remove [] and FFS)
· Test parameters: 
· Antenna configuration and MIMO correlation 
· Beamforming Model
· Measurement channel 
· Reporting of Rank Indicator (RI)
· Requirements finalization (remove [] and FFS)
· Test parameters: 
· SNR
· Beamforming Model
· Measurement channel 
· CSI-Report interval and offset
Demodulation requirements for interworking
· Requirements applicability

· Applicability section is missing
· EN-DC requirements

· Several LTE PCell parameters for EN-DC case are undefined
· Handing of FR1 EN-DC test cases of NR TDD DL-UL configurations not aligned with LTE is missing

· SDR requirements 
· Methodology is TBD including the LTE CC testing approach and requirements
· NR CA between FR1 and FR2
· SDR requirements
· Tested BC is FFS

· PDCCH requirements 

· Requirements were defined which is not aligned with prior agreement not to define demodulation tests for CA case
· Additional requirements 
· FFS: requirements for NE-DC
CSI requirements for interworking
· Most part of the requirements are missing and should be further discussed

Other
· Power level setup

· FR1 Noc power level is in []
· FR2 Noc power level for CA and multi-band devices is FFS

· SSS transmit power (Es) for SDR tests

· Current EPRE setup method is not applicable for CSI tests
· FRCs
· TDD UL-DL patterns for FR1: K1 values are in []
· PDSCH scheduling restriction in SSB slots is in []

· Incomplete PDSCH FRCs: R.PDSCH.1-1.4 FDD, R.PDSCH.2-1.3 TDD
· Incomplete PDCCH FRCs: many details are still in []
· Channel models
· HST model no captured in the spec
· FFS whether fading channels simplification procedure shall be adjusted
· Other

· OCNG for DMRS is FFS
· Environmental conditions for FR2
The respective open issues are related to the requirements which were previously prioritized and should be finalized with the first priority in H1’2019. It may be observed that the full set of open issues is rather extensive and finalization will take several meetings (especially for items which require providing simulation results) and, hence, there is limited opportunity to introduce additional requirements.
Proposal #1:
Prioritize the work on the completion of the existing open issues identified above.

2.3 Additional requirements

The existing requirements cover on the NR SA operation (NR single carrier, CA within FR1, CA within FR2, CA between FR1 and FR2) and EN-DC operation (EN-DC within FR1, EN-DC including FR2 NR carrier only, EN-DC including FR1 and FR2 NR carriers). The Rel-15 devices can be also used in NE-DC inter-working scenarios and the requirements coverage is proposed to be extended to guarantee proper UE implementation. In the table below we summarize the requirements coverage for the currently supported scenarios and the new proposed scenarios coverage (highlighted in yellow).
Table 1. Inter-working requirements overview

	CA/DC scenarios
	Requirements

	
	SDR
	Demodulation
	CSI

	NR
	Single carrier
	Yes
	Yes
	Yes

	
	CA within FR1
	Yes
	No
	No

	
	CA within FR2
	Yes
	No
	No

	
	CA between FR1 and FR2
	Yes
	No
	No

	LTE-NR DC 
	EN-DC within FR1
	Yes
	Yes (1 NR CC)
	Yes (1 NR CC)

	
	EN-DC incl. FR2 NR carrier only
	Yes
	Yes (1 NR CC)
	Yes (1 NR CC)

	
	EN-DC incl. FR1 and FR2 NR carriers
	Yes
	Yes (1 NR FR2 CC)
	Yes (1 NR FR2 CC)

	
	NE-DC within FR1
	Yes

	
	NE-DC incl. FR2 NR carrier only
	

	
	NE-DC incl. FR1 and FR2 NR carriers
	


Proposal #2:
Extend the inter-working requirements scenarios coverage for NE-DC cases.

Further extension of the requirements to verify performance for the optional features, deprioritized features or for additional scenarios (e.g. interference-limited) could lead to substantial extension of the work scope and timelines. In order to guarantee sufficient quality/coverage of the defined requirements it is recommended to conduct the respective work (if any) in the Rel-16 timeframe.
Proposal #3:
Do not introduce any further requirements for the optional features, deprioritized features or for additional scenarios in R15 scope on top of currently agreed set of requirements.

3 Conclusion

In this contribution we provide views on the scope of R15 NR UE demodulation requirements. In summary, we make the following proposals.
Proposal #1:
Prioritize the work on the completion of the existing open issues identified in Section 2.2.

Proposal #2:
Extend the inter-working requirements scenarios coverage for NE-DC cases.

Proposal #3:
Do not introduce any further requirements for the optional features, deprioritized features or for additional scenarios in R15 scope on top of currently agreed set of requirements.
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