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Introduction
In RAN#71, a SI on NR new RAT [1] has been agreed. The objectives of the SI include:
· Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2] including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 
· The new RAT shall be inherently forward compatible
· Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
· Radio interface protocol architecture and procedures 
In addition, TR38.913 [2] has described usage scenarios, requirements, deployment scenarios and corresponding key performance indicators (KPIs). However, TR38.913 is at this moment incomplete, and some aspects in the TR needs to be further addressed in RAN1. This contribution discusses the KPIs described in [2] and proposes evaluation methodologies to address those KPIs in the relevant scenarios. 
Peak data rate
In IMT-advanced evaluations, the maximum bandwidth was 100MHz and operating frequency was around 2GHz; at that time, the peak data rate was derived as a product of the maximum bandwidth (100MHz) and spectral efficiency (bps/Hz). 
However, in the NR discussion, multiple combinations of bandwidth and operating frequency are being considered. In this case, the peak data rate may not be a product of the maximum supported BW and the maximum spectral efficiency. This is especially true when maximum supported BW is available at the high edge of the carrier frequency (~70 GHz) and maximum spectral efficiency is achieved at the low edge of the carrier frequency (~4 GHz). Table 1 summarizes peak data rate related KPIs and relevant discussions in the current version of [1], which reflects the consideration here. 

Table 1: KPIs related to peak data rate
	KPI
	Proposed requirement in [2]
	Summary of relevant discussions in [2]

	Peak data rate
	DL: 20Gbps; 
UL: 10Gbps 
	Higher frequency bands could have higher bandwidth but lower spectral efficiency and lower frequency bands could have lower bandwidth but higher spectral efficiency. Thus, peak data rate cannot be directly derived from peak spectral efficiency and bandwidth multiplication.

	Peak spectral efficiency
	DL: 30bps/Hz; 
UL: 15bps/Hz 
	

	Bandwidth
	Quantitative KPI
	Max aggregated total system BW. It may be supported by single or multiple RF carriers.



Based upon the information in Table 1, Table 2 proposes candidate values for peak spectral efficiency, maximum BW and peak data rates. From Table 2, it can be seen that the necessary features that achieves the peak data rate for sub-6GHz and for above-6GHz can be different. 
· For ~4GHz bands, schemes achieving high spectral efficiency (e.g., high-order SU-MIMO, high-order QAM, etc.) are necessary to meet the KPIs. 
· For ~30GHz and ~70 GHz bands, schemes that can utilize large BW and that can support high data rate are necessary to meet the KPIs. 
· Spectral efficiency requirement is not too high, and hence, low-order SU-MIMO, low-order QAM may be sufficient. 
For validating the fulfilment of the requirement, no direct SLS/LLS evaluations are likely to be necessary. However, some qualitative investigation may be necessary, separately for the three different bands, on whether the proposed NR can support the SE and peak data rate requirements. Some examples are listed below:
· For ~30GHz and ~70 GHz bands, need to check if a coding scheme can support practical hardware implementation to achieve a data rate as large as 10-20 Gbps.
· For all the frequency bands, need to check if a combination of schemes can at least theoretically achieve the peak SE requirement. 
Table 2. Supported BW & peak spectral efficiency at each frequency band
	Band (GHz)
	BW (GHz)
	Peak SE (bps/Hz): DL & UL
	Peak rate (Gbps): DL & UL

	Up to 6 (~4)_
	[0.1]
	30 & 15
	[3] & [1.5]

	24-40 (~30)
	[1]
	[20 & 10]
	20 & 10

	66-86 (~70)
	[2]
	[10 & 5]
	20 & 10



Observation 1: For checking the fulfilment of the peak data rate requirements, no system/link level evaluations are necessary.
Proposal 1: For checking the fulfilment of the peak data rate requirements, check the following aspects at least qualitatively:
· For ~30GHz and ~70 GHz bands, check if a coding scheme can support practical hardware implementation to achieve a data rate as large as 10-20 Gbps.
· For all the frequency bands, check if a combination of schemes can at least theoretically achieve the peak SE requirement. 
Latency and Reliability
Table 3 summarizes KPIs related to latency and reliability, and relevant discussions in the current version of [2]. These requirements are mainly related to eMBB and URLLC (eHealth and V2X) and seem to affect numerology and frame structure designs and channel coding. 
Table 3: KPIs related to latency and reliability
	KPI
	Proposed requirement in [2]
	Summary of relevant discussions in [2]

	Control plane latency
	10ms
	From IDLE to ACTIVE.

	User plane latency
	URLLC: 0.5ms for UL & DL;
eMBB: 4ms for UL & 4ms for DL
	It is defined as: Layer 2/3 SDU ingress point to layer 2/3 SDU egress point in both uplink and downlink directions. For URLLC, it should be considered as an average value and does not have a high reliability requirement. For eMBB, it should include all typical delays associated, such as RACH, HARQ.

	Reliability
	1-10-5 within 1ms:
Supported together with user experienced data rate in the order of [300Mbps].
	Definition: The success probability of sending X bytes within 1 ms, where X is FFS.
V2X and eHealth may have different KPI description.




To validate the fulfilment of the reliability requirements, link-level evaluation is necessary. 
· At least AWGN link-level evaluation is necessary to evaluate the block (or packet) error rate (BLER) of a modulation & coding scheme for the URLLC.
On the other hand, user plane latency requirement does not consider any scheduling/queuing delay, and it can be satisfied if a specific configuration of the new RAT satisfies the requirement. 
Finally, the latency portion of the joint requirements for the reliability can be verified by system-level simulations, if the scheduling/queuing delay has to be taken into account for the latency:
· After link-to-system mapping of the modulation & coding scheme, system-level evaluations incorporating link adaptation and packetization of X bytes can be conducted to evaluate the latency cdf. From the latency cdf, fulfilment of the average user-plane latency requirement can be checked. 

Observation 2: 
· User plane latency requirement is satisfied if a specific configuration of the new RAT satisfies the requirement. 
· For checking the fulfilment of the reliability requirements, link level evaluations are necessary.
· For checking the fulfilment of the latency portion of the reliability requirements, system-level simulations can be conducted. 
User Experienced Data Rates
[bookmark: _GoBack]Table 4 summarizes KPIs related to user experienced data rates and relevant discussions in the current version of [2]. These requirements are mainly related to eMBB and seem to affect transmission schemes and PHY channel designs. 
Table 4: KPIs related to user experienced data rates
	KPI
	Proposed requirement in [2]
	Summary of relevant discussions in [2]

	Coverage
	(MCL, Max coupling loss) = [164] dB
For extreme Coverage: up to [2Mbps] for stationary and up to [384kbps] for moving, assuming [100km].
	Definition: MCL Supporting UL/DL data rate of [X bps].


	Cell/Transmission Point/TRP spectral efficiency
	Starting point:
3x IMT-Advanced (full buffer)
	Definition: the aggregate throughput of all users divided by the channel bandwidth divided by the number of TRPs. For discontinuous "carriers", this KPI should be calculated per carrier. (i.e., cell average throughput)
3GPP should strive to meet the target with typical antenna configuration

	Area traffic capacity 
(Mbps/m2)
	~3x IMT-Advanced (Full-buffer)
	Definition: total traffic throughput served per geographic area

	User experienced data rate (bps)
	~3x IMT-Advanced (Full-buffer)
	Definition:
- For NFB, 5%ile user throughput;
- For FB, 5% SE * BW.
Both full-buffer and non-full-buffer can be used. (NFB preferred).

	5th percentile user spectrum efficiency (bps/Hz)
	3x IMT-Advanced (full buffer)
	Definition: 5% point of the cumulative distribution function (CDF) of the normalized user throughput. The (normalized) user throughput (bps/Hz) is defined as the average user throughput (the number of correctly received bits by users over a certain period of time), divided by the channel bandwidth. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalised appropriately considering the uplink/downlink ratio.



Observation 3: For checking the fulfilment of KPIs related to user experienced data rates, both full-buffer and non-full-buffer system-level evaluations are necessary.
[bookmark: _Toc426289536]Conclusion
This contribution has reviewed the requirements and the KPIs in TR38.913 [2] relevant to system design in RAN1. The observations and proposals made in this contribution are summarized below. 
Observation 1: For checking the fulfilment of the peak data rate requirements, no system/link level evaluations are necessary.
Proposal 1: For checking the fulfilment of the peak data rate requirements, check the following aspects at least qualitatively:
· For ~30GHz and ~70 GHz bands, check if a coding scheme can support practical hardware implementation to achieve a data rate as large as 10-20 Gbps.
· For ~4GHz bands, check if a combination of schemes can at least theoretically achieve the peak SE requirement. 
Observation 2: 
· User plane latency requirement is satisfied if a specific configuration of the new RAT satisfies the requirement. 
· For checking the fulfilment of the reliability requirements, link level evaluations are necessary.
· For checking the fulfilment of the latency portion of the reliability requirements, system-level simulations can be conducted. 
Observation 3: For checking the fulfilment of KPIs related to user experienced data rates, both full-buffer and non-full-buffer system-level evaluations are necessary.
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Appendix A.
 
Table 5 Cell spectral efficiency (IMT-Advanced Requirement [2])
	Test environment (1)
	Downlink
(bit/s/Hz/cell)
	Uplink
(bit/s/Hz/cell)

	Indoor
	3
	2.25

	UMi
	2.6
	1.80

	UMa
	2.2
	1.4

	High speed
	1.1
	0.7



Table 6 Cell edge user spectral efficiency (IMT-Advanced Requirement [2])
	Test environment(1)
	Downlink (bit/s/Hz)
	Uplink (bit/s/Hz)

	Indoor 
	0.1
	0.07

	UMi 
	0.075
	0.05

	UMa
	0.06
	0.03

	High speed 
	0.04
	0.015






Figure 1 IMT-2020 and IMT-A requirement
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