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1 Introduction
With the approval of the SID for new RAT [1], a single technical framework which can address all the usage scenarios in TR38.913 [2] has been targeted. The usage scenarios include 
· eMBB (enhanced Mobile Broadband), 

· mMTC (massive Machine Type Communications),

· URLLC (Ultra-Reliable and Low Latency Communications).
Many deployment scenarios, such as indoor hotspot and dence urban, have been proposed for the technical evaluations. The following KPIs are listed in [2]:

· Peak data rate,

· Peak spectral efficiency,

· Bandwidth,

· Control plane latency,

· User plane latency,

· Latency for infrequent small packets,

· Mobility interruption time,

· Inter-system mobility,

· Reliability,

· Coverage,

· UE battery life,

· UE energy efficiency,

· Cell/Transmission Point/TRP spectral efficiency,

· Area traffic capacity,

· User experience data rate,

· 5th percentile user spectrum efficiency,

· Connection density,

· Mobility,

· Network energy efficiency.
Other requirements, such as architectural requirements, supplementary-service related requirements, operational requirements and testing and conformance requirements, have also been considered for the new RAT [2].
However, the deployments scenarios and performance requirements for each usage scenario (eMBB, mMTC, URLLC) are different, even though they overlap. Consquently, a lot of evaluation cases would need to be considered. In order to reduce the evaluation load to a reasonable level, the prioritization of KPIs for technology evaluations is discussed in section 2. Furthermore, the KPI evaluation methodologies are discussed in section 3. 
High-level descriptions on deployment scenarios including carrier frequency, aggregated system bandwidth, network layout / ISD, BS / UE antenna elements, UE distribution / speed and service profile are proposed in TR 38.913 [2]. More detailed attributes and simulation parameters, for example, the channel model, BS /UE Tx power, number of antenna ports, etc. should be defined in the NR study item. Hence, section 4 discusses several detailed attributes and simulation parameters for the RAN1 study.
2 KPI Priorities for RAN1 Study Topics (Technologies)
Since the different RAN1 study topics (e.g. waveform, multiple access, etc) will be studied in parallel, it is sensible to consider which KPIs that the technology evaluation of each study topic should focus on. However, it is not clear which topics that will be studied in RAN1, beside the topics already indicated in the RAN1 agenda [4]:

· Waveform,

· Multiple access scheme,

· Numerology and frame structure,

· Channel coding and modulation.
In addition to the study topics above, we anticipate several upcoming study topics:

· Initial access (due to required support for standalone operation in [2]),

· Channel/signal structure and design (anticipated in [3]),

· MIMO framework (anticipated in [3]).

ZTE’s views on the prioritization of different KPIs in different RAN1 study topics are summarized in Table 1.
Table 1: NR RAN1 study topics’ main impact on KPIs. 
	KPIs / RAN1 topics
	Waveform
	Multiple access scheme
	Numerology and frame structure
	Channel coding and modulation
	Initial access
	Channel/ signal structure and design
	MIMO frame-work

	Peak data rate
	
	
	High
	High
	Medium
	
	High

	Peak spectral efficiency
	Medium
	
	High
	High
	Medium
	
	High

	Bandwidth
	High
	
	High
	
	
	
	

	Control plane latency
	
	
	High
	
	High
	Medium
	

	User plane latency
	
	
	High
	Medium
	
	Medium
	

	Latency for infrequent small packets
	
	High
	High
	
	High
	Medium
	

	Mobility interruption time
	
	
	
	
	
	
	

	Inter-system mobility
	
	
	
	
	
	
	

	Reliability
	
	
	Medium
	High
	
	High
	Medium

	Coverage
	High
	Medium
	
	High
	High
	High
	High

	UE battery life
	High
	Medium
	Medium
	Medium
	High
	High
	Medium

	UE energy efficiency
	Medium
	
	High
	Medium
	
	High
	High

	Cell/Transmission Point/TRP spectral efficiency
	High
	High
	Medium
	High
	
	Medium
	High

	Area traffic capacity
	High
	High
	Medium
	High
	
	High
	High

	User experience data rate
	Medium
	High
	Medium
	High
	
	High
	High

	5th percentile user spectrum efficiency
	Medium
	High
	Medium
	High
	
	Medium
	High

	Connection density
	High
	High
	Medium
	High
	High
	High
	High

	Mobility
	High
	
	High
	
	
	Medium
	High

	Network energy efficiency
	Medium
	Medium
	Medium
	
	High
	Medium
	High


Proposal 1: The evaluation of the RAN1 technologies could start with the highly prioritized KPIs.
· Waveform evaluations prioritize KPIs in the order: Cell/TP/TRP spectral efficiency, area traffic capacity, bandwidth, connection density, mobility, coverage, UE battery life.
· Multiple access scheme evaluations prioritize KPIs in the order: Connection density, area traffic capacity, cell/TP/TRP spectral efficiency, User experience data rate, 5th percentile user spectrum efficiency, latency for small infrequent packets.
· Numerology and frame structure evaluations prioritize KPIs in the order: User plane latency, peak spectral efficiency, peak data rate, mobility, UE energy efficiency, bandwidth, control plane latency, latency for small infrequent packets.
· Channel coding and modulation evaluations prioritize KPIs in the order: User experience data rate, peak spectral efficiency, reliability, cell/TP/TRP spectral efficiency,  area traffic capacity,  coverage, connection density, 5th percentile user spectrum efficiency.
3 KPI Evaluation Methodologies in RAN1

The RAN1 evaluation methodologies in Table 2 are proposed for the different KPIs. The analytical methodology may involve for example inspection and analytical evaluation without simulation.

ZTE’s views on the evaluation methodologies of different KPIs are summarized in the second column of Table 2.
Table 2: Proposed RAN1 evaluation methodologies for different KPIs.
	KPI
	Proposed evaluation methodology in RAN1
	Indication in [2]
	Comments

	Peak data rate
	Analytical
	
	

	Peak spectral efficiency
	Analytical
	
	

	Bandwidth
	Analytical
	“Quantitative KPI”
	

	Control plane latency
	Analytical
	
	

	User plane latency
	System-level simulation
	
	See [7] for system-level simulation assumptions in the latency reduction SI.
For initial evaluations and/or technology evaluations where it is suitable (e.g. frame structures), analytical evaluation could be suitable.

	Latency for infrequent small packets
	System-level simulation
	
	See comment for user plane latency.

	Mobility interruption time
	Analytical
	
	

	Inter-system mobility
	Analytical
	
	

	Reliability
	System-level simulation
	
	RAN1 study topics may use link-level simulations for initial technology evaluations.

	Coverage
	Link-level simulation
	
	

	UE battery life
	
	
	

	UE energy efficiency
	Analytical
	“Qualitative KPI”
	

	Cell/Transmission Point/TRP spectral efficiency
	System-level simulation
	“Quantitative KPI”
	

	Area traffic capacity
	System-level simulation
	“… it is proposed to use the spectrum efficiency results together with assumptions on available bandwidth and site density in order to derive a quantitative area traffic capacity KPI for information.”
	The area traffic capacity may be derived from cell/TP/TRP spectral efficiency system simulation, as indicated in [2].

	User experience data rate
	System-level simulation
	“Non-full buffer simulations are preferred for the evaluation of this KPI.”

“…full buffer experienced user data rate is evaluated for information without numerical requirements.”
	RAN1 study topics may use link-level simulations for initial technology evaluations.

	5th percentile user spectrum efficiency
	System-level simulation
	“Quantitative KPI”
	

	Connection density
	System-level simulation
	
	

	Mobility
	Link-level simulation
	
	

	Network energy efficiency
	System-level simulation
	“Qualitative KPI as baseline and quantitative KPI is FFS.
Editor’s notes: Inspection is the baseline method to qualitatively check the capability of the RAN to improve area traffic capacity with minimum RAN energy consumption, e.g., ensure no or limited increase of BS power with more antenna elements and larger bandwidth, etc. As qualitative evaluation, 3GPP should ensure that the new RAT is based on energy efficient design principles. When quantitative evaluation is adopted, one can compare the quantity of information bits transmitted to/received from users, divided by the energy consumption of RAN.”
	The BS power model in [9] can be used.


4 Further RAN1 Evaluation Assumptions
4.1 Deployment Scenarios and channel models
Each RAN1 study topic targets the single technical framework that addresses all usage scenarios (eMBB, mMTC, URLLC), more or less. Consequently, the different RAN1 study topics need to evaluate technologies for all deployment scenarios covered by the usage scenarios.

Observation 1: Each RAN1 study topic needs to evaluate technologies in all deployment scenarios covered by the usage scenarios.
For the evaluations in RAN1, we propose to give Indoor hotspot, Dense Urban and Urban Macro deployment scenarios high priority, also in accordance with the high frequency channel modelling SI [5]. 
Hybrid channel models can balance the modeling accuracy and the simulation complexity, as shown in [10].  At least for some scenarios e.g. indoor hotspot scenario, hybrid channel model can be considered for above 6GHz.
For the Dense Urban scenario, the baseline in [2] for  micro layer TRP density is 3 TRPs per Macro TRP, but other numbers (e.g. 6 and 9) are not precluded. The dense urban deployment targets hotspot areas, where typically a high area traffic capacity is required. To achieve this, a deployment with overlapping micro TRP coverage is reasonable.  Therefore, we propose that RAN1 also evaluates a higher TRP density in addition to the baseline. See [11] for more discussions.
Proposal 2: For Dense Urban, RAN1 also evaluates a micro TRP density that is higher than the baseline, for example 6 or 9 micro TRPs per Macro TRP.
4.2 Spectrum

To cover the wide frequency range considered in the NR study (up to 100 GHz), some specific frequency candidates should be considered in the technology evaluations, e.g. 15 GHz, 30 GHz, 45 GHz, 60 GHz, 73 GHz.
Proposal 3: A limited set of frequency bands covering different parts of the range up to 100 GHz should be considered in the NR technology evaluation.
4.3 The Number of Antenna Elements

In [2], the working assumption for 30 GHz and 70 GHz is that the maximum number of BS antenna elements is 256 antenna, while the maximum number of UE antennas is 32. The traditional UE role appears to evolve into a more ambiguous role, where UEs sometimes act as network nodes, such as a relay. Some future UE types may be significantly larger than the smart phones of today. Furthermore, traditional BSs are complemented by low-cost, low-power nodes, which in terms of hardware are quite similar to UEs. Both for such low-power nodes and UEs operating in high frequencies, 256 antenna elements may be feasible. Future applications, such as high-definition interactive, may also require similar beamforming gains on both down- and uplinks. Hence, the following number of antenna elements are proposed for the evaluations above 6 GHz:

· BS: up to 256 Tx and Rx antenna elements,

· UE: up to 256  Tx and Rx antenna elements.

· UE antenna arrays can be modelled similarly as eNB antenna arrays [6]. The detailed parameters such as (N, M, P) and antenna element radiation pattern and orientation are FFS.
Proposal 4: For evaluations above 6 GHz, the number of BS antenna elements is up to 256, and the number of UE antenna elements is up to 256. 
4.4  Advanced Receiver Modelling
In order to accurately evaluate the performance of NR, models of advanced receivers are necessary. The models for advanced UE receivers in the NAIC study [8] are good starting points for the modelling of advanced UE receivers for NR. 
Advanced receivers have long been used on the BS side. This has been considered a matter of implementation. For NR, however, key technologies such as UL non-orthogonal multiple access rely on advanced receivers on the BS side. Hence, accurate models also for advanced BS/TRP receivers are needed for NR.
Proposal 5: Advanced receiver models for both the UE and the BS/TRP side should be used in NR evaluations in RAN1. The models in the NAIC study can be the starting point for advanced UE models.
5 Conclusions
In this contribution the following evaluation assumptions for the NR study in RAN1 are proposed:
Proposal 1: The evaluation of the RAN1 technologies could start with the highly prioritized KPIs.

· Waveform evaluations prioritize KPIs in the order: Cell/TP/TRP spectral efficiency, area traffic capacity, bandwidth, connection density, mobility, coverage, UE battery life.
· Multiple access scheme evaluations prioritize KPIs in the order: Connection density, area traffic capacity, cell/TP/TRP spectral efficiency, User experience data rate, 5th percentile user spectrum efficiency, latency for small infrequent packets.

· Numerology and frame structure evaluations prioritize KPIs in the order: User plane latency, peak spectral efficiency, peak data rate, mobility, UE energy efficiency, bandwidth, control plane latency, latency for small infrequent packets.

· Channel coding and modulation evaluations prioritize KPIs in the order: User experience data rate, peak spectral efficiency, reliability, cell/TP/TRP spectral efficiency,  area traffic capacity,  coverage, connection density, 5th percentile user spectrum efficiency.
Observation 1: Each RAN1 study topic needs to evaluate technologies in all deployment scenarios covered by the usage scenarios.
Proposal 2: For Dense Urban, RAN1 also evaluates a micro TRP density that is higher than the baseline, for example 6 or 9 micro TRPs per Macro TRP.
Proposal 3: A limited set of frequency bands covering different parts of the range up to 100 GHz should be considered in the NR technology evaluation.
Proposal 4: For evaluations above 6 GHz, the number of BS antenna elements is up to 256, and the number of UE antenna elements is up to 256. 
Proposal 5: Advanced receiver models for both the UE and the BS/TRP side should be used in NR evaluations in RAN1. The models in the NAIC study can be the starting point for advanced UE models.
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