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1 Introduction

In RAN4 #83 initial agreements on the RAN4 UE RF and Performance requirements specifications were made [1]: 

	· Define Technical Specifications as follows
· Technical Specification for NR range 1

· Technical Specification for NR range 2 

· Technical Specification for NR interworking between NR range1 + NR range2 and between NR and LTE 

· Update WID accordingly

· For performance requirements:
· Study what is impact to performance requirement documentation structure in light of agreements above
· Consider also locations of general definitions


In RAN4 #84 further agreements on the specifications structure were reached [2-3]:

	· RF specs

· 38.101-1, Technical Specification for NR range 1 for UE RF requirements

· 38.101-2, Technical Specification for NR range 2 for UE RF requirements

· 38.101-3, Technical Specification for NR interworking between NR range1 + NR range2 and between NR and LTE for UE RF requirements

· Performance specs

· 38.101-4, Technical Specification for NR UE performance requirements including following

· NR range 1 

· NR range 2

· NR interworking between NR range1 + NR range2 and between NR and LTE for UE performance requirements


In this contribution we provide our views on the TS 38.101-4 specification structure and also discuss principles of the NR UE performance requirements specification in order to facilitate early discussions among the interested companies.
2 Discussion

NR UE performance requirements specification structure is expected to be maintained for multiple upcoming releases and it is important to ensure that the initial version of specification has a structure, which could be easily maintained and extended in the future once additional features and requirements are introduced. Hence, it is important to take into account the lessons learned from the LTE. 
2.1 Frequency ranges and test methodologies
The RAN4 WG has already agreed to split the UE RF requirements specification into NR frequency range 1 (sub-6GHz) and NR frequency range 2 (mmWave). Also, a separate specification for NR Frequency ranges 1, 2 and LTE/NR interworking is planned. At the same time, we would like to note that at this moment it is unclear if the additional frequency ranges may be added in the future and whether it can be done as an extension of one of the existing frequency ranges or as new frequency range. In our understanding, the key difference for FR1 and FR2 from the performance requirements specification perspective is the test methodology rather than the actual frequency range. Hence, separate sections for different frequency ranges may not be completely justified. Instead, the applicability rules sections can be used to specify the relations between the particular test cases and different test cases (if any).

All LTE performance requirements are tested using conducted test methodology. For the NR sub-6GHz frequency range conducted test methodology is also considered to be feasible. Meantime, for the mmWave frequency range conducted test methodology is not feasible and OTA methodology should be used as currently discussed in the scope of the NR testability SI. Based on the RAN4 AH1801 agreements the mmWave test methodology will focus on BB verification and it is anticipated the overall test setup (from the spec perspective) will be very similar to the conducted test for LTE. Furthermore, in the future additional OTA test methods for FR1 can be introduced as well and specification structure should be flexible to allow this.

The RAN4 WG should discuss on how to incorporate different test methodologies into the specification and whether any differentiation in terms of the performance requirements description are needed. In particular, it is important to understand the eventual difference of the conducted and OTA baseband test setups before making the decision on the specification principles to capture the two methods. In general case, if the methodologies are aligned in terms of test setups and methods, the particular differentiation b/w Methods may not be done.
In order to ensure forward extensibility, several approaches can be considered:

· Option 1: Define separate sections for the conducted / OTA requirements + Specify FR as a part of test parameters
· X Test method A requirements (Conducted)
· X.1 Demodulation requirements

· X.1.1 PDSCH requirements

· X.1.2 PDCCH requirements

· Y Test method B requirements (OTA BB)
· Y.1 Demodulation requirements

· Y.1.1 PDSCH requirements

· Y.1.2 PDCCH requirements

· Z Test method C requirements (OTA EE)

· Z.1 Demodulation requirements

· Z.1.1 PDSCH requirements

· Z.1.2 PDCCH requirements

· Option 2: Specify test method for each particular test/requirement

· X.1.1 PDSCH requirements

· FR: [FR1 / FR2]

· Test method: [Test method A / Test method B]
In our view in case the difference between the test setups for the Conducted FR1 and OTA BB FR2 test methods will be quite small and test metrics could be reused, Option 2 could be a viable approach.
2.2 FDD / TDD / LAA / CA / DC requirements

The existing LTE specification defines FDD, TDD, TDD-FDD CA and LAA requirements at the same level. Same time, the CA/DC requirements for the case of same duplexing modes in PCell/Scell are included as sub-sections of the FDD and TDD sections. 

· X PDSCH requirements

· X.1 FDD

· Single carrier

· CA requirements (FDD-FDD)

· X.2 TDD

· Single carrier

· CA requirements (TDD-TDD)

· X.3 TDD-FDD CA

· X.4 LAA

The particular structure can be simplified and the requirements can be structured based on CA / non CA principles:
· X PDSCH requirements

· X.1 Single Carrier FDD

· X.2 Single Carrier TDD

· X.3 FDD CA/DC requirements

· X.4 TDD CA/DC requirements

· X.5 TDD-FDD CA/DC requirements

· X.6 LAA requirements
In addition, some of the features can be defined for a single duplexing mode (e.g. V2V for LTE is defined for TDD only, ProSe Direct communication is defined for FDD only; NR mmWave operation will be defined for TDD). At the same time, it is difficult to guarantee that the features will not be further extended to other duplexing modes / bands and, hence, the specification structure should ensure such extensibility.

The performance requirements may need to cover scenarios with CA/DC for carriers that belong to FR1 and FR2. For the latter test case the test should be performed using both conducted and OTA methods. Further discussion on how to capture such use cases is needed. Also, the feasibility of such combined test method should be assessed.
2.3 LTE-NR DC requirements

It is anticipated that the NR requirements should cover interworking scenarios such as NR/LTE interworking in NSA mode. New requirements may need to be defined for both RATs and it is important to understand whether the NR specification should include any requirements on the LTE performance and how to capture those if so. From the requirements perspective we suggest to focus on the NR requirements while LTE requirements may not be defined for the majority of the test cases. However, at least in application to the SDR test cases LTE requirements may need to be introduced. In the latter case a separate section of NR/LTE interworking requirements can be defined.
2.4 WI / Feature requirements

The TS 36.101 specification structure has changed a lot since the Rel-8 and multiple new features/requirements were introduced. In accordance to our observations there are no clear stable principles on how to add the requirements for the new features and, hence, sometimes it is done differently for different WIs/features. For example, the DL demodulation performance requirements (except MBMS) are captured in the TS 36.101 Section 8, while the SL demodulation requirements are split into multiple Sections 11, 12, and 14. Furthermore, requirements for some of the features (e.g. eMTC) are introduced as new sub-sections in the Section 8, while some of the features are introduced in a way of adding new PDSCH/PDCCH/etc test cases. Using multiple different approaches complicates the specification and makes it more difficult for a reader to understand the scope of the requirements and associated applicability rules. 
In our view, RAN4 should define clear principles of adding new test cases for the new features which are expected to come after the performance part of the Rel-15 WI is complete. For example, it would be beneficial to clearly state the feature/WI for each test case to clarify the test applicability rules. The following approaches can be considered: 
· Option 1: Information on the associated WI / Feature included in the test title:
· X.1 Performance requirements

· X.1.1 PDSCH requirements [WI / Feature 1]

· X.1.2 PDSCH requirements [WI / Feature 2]

· Option 2: Introduce separate sections for the requirements associated with certain particular WI / Feature. For example the requirements associated with NR baseline Rel-15 functionality can be introduced as a part of one section and the requirements associated with the new Rel-16 features will be introduced in new sections on the same level with Rel-15 requirements (i.e. clauses for different WIs are organized on the same level).
· X.1 Performance requirements [WI / Feature 1]

· X.1.1 PDSCH requirements

· X.1.2 PDCCH requirements

· …

· X.2 Performance requirements [WI / Feature 2]
· X.2.1 PDSCH requirements
· X.2.2 PDCCH requirements

· …

It is expected that similar to LTE in the future multiple new WIs / Features will be introduced and to simplify the specification structure it is recommended to have a specific section each new WI/Feature and Option 2 is preferred.

2.5 Number of RX ports
The baseline Rel-8 LTE performance requirements were defined for 2RX chains. Later on, the specification was extended in a way to introduce 1RX and 4RX requirements. Again, the introduction of the respective requirements was not straightforward due to the fact that the legacy specification structure could not be easily extended in a way to support different types of requirements for multiple RX chains. The NR specification structure should be designed in a way to simplify introduction of the requirements for different number of RX chains in the future.

For sub-6GH the initial requirements are expected to be introduced for both 2RX and 4RX chains. Meantime, further extension of the requirements to higher/lower number of RX chains may be expected. 

In order to simplify further spec extension basic principles should be agreed. Several approaches can be considered:

· Option 1: Define subsections for each type of requirements (preferred)
· X.1 PDSCH requirements

· X.1.1 1RX requirements

· X.1.2 2RX requirements

· X.1.3 4RX requirements

· X.1.4 8RX requirements

· Option 2: Define high-level sections for requirements definition 

· X.1 1RX requirements

· X.1.1 PDSCH requirements

· X.1.2 PDCCH requirements

· X.2 2RX requirements

· X.2.1 PDSCH requirements

· X.2.2 PDCCH requirements
2.6 Applicability rules

The existing performance requirements applicability rule are not very transparent and RAN4 should further discuss a methodology to improve test case applicability for NR. One of possible approaches would be to introduce and clear mapping between the particular UE capabilities or combinations of capabilities with the associated test cases.

2.7 Demodulation and CSI test cases

Existing LTE specification 36.101 contains separate section for demodulation test cases (Performance requirement) and CSI reporting tests cases (Reporting of Channel State Information) with separation on the top level. One possible option is to reuse current approach. Another possible way is to put demodulation and CSI test separation inside Work Item section or inside Test method section.
2.8 Test case template
In order to ensure consistent structure a unified approach for the test case descriptions similar to TS 36.101 shall be used. In addition, we suggest to clearly state the test purpose and test applicability as a part of the test case description. The general structure for single link test could be defined as follows.

X.1.1 PDSCH requirements

The parameters specified in Table X.1.1 -1 are valid for all tests in section X.1.1 unless otherwise stated.
Table X.1.1 -1: Common Test Parameters 

	Parameter
	Unit
	Value

	
	
	

	
	
	

	NOTE 1: 


X.1.1.1 Requirement #1

<Requirements purpose> …

<Requirements applicability> …
The test parameters are specified in Table X.1.1.1-1. 

Table X.1.1.1-1: Test Parameters

	Parameter
	Unit
	Value

	
	
	

	
	
	

	NOTE 1: 


The minimum performance requirements are specified in Table X.1.1.1.4-1. 

Table X.1.1.1-1: Minimum performance requirements

	Test number
	FRC
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	R.PDSCH.2 FDD
	OP.1 FDD
	TBA
	1x2 Low
	70
	TBA


2.9 FRC template
For FRC definition a common template for PDSCH/PDCCH FRCs needs to be discussed. In addition, RAN4 should further discuss on how to organize the FRC numbering and classification. The following example of PDSCH FRC can be considered (for the case of slot based transmissions). RAN4 should further discuss the appropriate structure for non-slot based transmissions.
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	5
	10
	15
	20

	Subcarrier spacing
	kHz
	15
	15
	15
	15

	Subcarrier spacing configuration 
[image: image1.wmf]m


	
	0
	0
	0
	0

	Allocated resource blocks
	
	25
	52
	79
	106

	Subcarriers per resource block
	
	12
	12
	12
	12

	Allocated slots per Frame
	
	9
	9
	9
	9

	MCS Index
	
	TBA
	TBA
	TBA
	TBA

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3
	1/3

	Number of HARQ Processes
	Processes
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1

	Information Bit Payload per Slot
	
	
	
	
	

	    For Slot 0
	Bits
	N/A
	N/A
	N/A
	N/A

	    For Slots 1,2,3,4,6,7,8,9
	Bits
	1672
	3368
	5120
	6912

	Transport block CRC
	Bits
	16
	16
	24
	24

	LDPC base graph
	
	1
	1
	2
	2

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slot 0
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slots 1,2,3,4,6,7,8,9
	CBs
	1
	1
	1
	1

	Binary Channel Bits per Slot
	
	
	
	
	

	    For Slot 0
	Bits
	N/A
	N/A
	N/A
	N/A

	    For Slots 1,2,3,4,6,7,8,9
	Bits
	5400
	11232
	17064
	22896

	Max. Throughput averaged over 1 frame
	Mbps
	1.504
	3.031
	4.608
	6.220

	Note 1: TBA


3 Conclusion

In this contribution we provide our views on the TS 38.101-4 specification structure and also discuss on the principles of the NR UE performance requirements specification in order to facilitate discussions on the specification structure. In the companion contribution [4] we propose the draft TS following the principles described in this contribution. In summary, we suggest RAN4 to continue discussion and address the problems raised in this paper.
Proposal #1:
Further discuss the NR 38.101-4 UE performance requirements specification structure:

· How to introduce requirements for different frequency ranges

· How to introduce requirements with different test methodologies 

· How to introduce requirements for FDD / TDD / LAA / CA / DC
· How to introduce requirements for new WI / feature

· How to support easy extension of requirements for different number of RX chains

· How to define applicability rules

· How to introduce NR frequency range 1/2 interworking requirements 

· How to introduce NR/LTE interworking requirements

· Test section template

· PDSCH/PDCCH FRC template
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