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Introduction
A study item on New Radio Access Technologies was approved in RAN#71 [1]. TR38.913 [2] describes usage scenarios, requirements, deployment scenarios and the corresponding key performance indicators (KPIs) to guide the system design effort for this study item. Some of the KPIs in TR38.913, while providing high-level guidance w.r.t the performance targets to be met, need further clarification. 
This contribution focuses on the peak spectral efficiency (SE) and peak data rate KPIs, and is organized as follows. Section 2 summarizes the KPI targets and associated comments captured in [2]. Section 3 discusses system parameter choices and the resultant peak SEs, followed by Section 4 which proposes specific system parameter choices, for each of the three carrier frequency bands considered in [2], to meet the KPI targets in [2]. Conclusions are drawn in Section 5.
Peak SE and Data Rate: KPI Targets in [2]
Table 1 summarizes the targets related to the peak SE and data rate KPIs, as well as related comments, in the current version of [2].  

Table 1: Targets related to peak spectral efficiency and data rate KPIs
	KPI
	KPI targets in [2]
	Comments w.r.t metrics in [2]

	Peak spectral efficiency
	DL: 30 bps/Hz

UL: 15 bps/Hz
	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 data rate
	DL: 20 Gbps

UL: 10 Gbps
	

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



As in the deployment scenarios described in [2], three sets of operating frequency ranges are being considered: up-to 6 GHz, 24 - 40 GHz and 66 - 86 GHz, represented by proxy center frequencies of operation of 4, 30 and 70 GHz, respectively. This has the following consequences:
· Different maximum bandwidths may be available for operation on each of these frequency ranges; specifically, as noted in [2] and mentioned in Table 1 above, larger bandwidths may be available at the higher operating frequency bands.
· As noted in [2] and mentioned in Table 1, the achievable maximum spectral efficiencies may be inversely proportional to the frequency of operation, i.e., lower operation frequencies may yield higher maximum SEs. As a result, the maximum SE targets of 30 and 15 bps/Hz, on the DL and UL, respectively, may not be achievable in all the frequency ranges. Different SE targets may therefore need to be specified for each range, with at least one of them meeting the target values of 30 and 15 bps/Hz, on the DL and UL, respectively.
· As a consequence of different available maximum bandwidths, as well as the possibly different peak target SEs, different peak data rate targets may need to be specified for each range, with at least one of them meeting the targets of 20 and 10 Gbps, on the DL and UL, respectively, as in [2].
· A consequence of the above points is that it may not be feasible to achieve both the peak SE target (of 30 and 15 bps/Hz) and the peak data rate (of 20 and 10 Gbps), as proposed in [2], in the same band.  
It may be noted that in contrast, the IMT-advanced evaluations considered a single frequency range of operation centered around 2GHz with a maximum bandwidth of 100MHz. In this case, a single peak data rate target was derived as a product of the maximum bandwidth (100MHz) and the single SE target.  
System Parameter Choices and Resultant Peak SEs 
In this section, for a set of system numerologies and assuming a certain fraction of transmission overheads, the peak achievable SE is calculated for a variety of system parameter choices comprising the modulation order and the number of layers associated with the transmission.
Table 2 lists the values of the parameters comprising the system numerology assumed in these calculations, namely, the number of sub-carriers per symbol (NumSCsPerSymbol), sub-carrier spacing in KHz (SCSpacingKhz), number of symbols per TTI (NumSymbolsPerTTI), the TTI duration in ms (TTIDurationMs) and the component carrier bandwidth in MHz (CCBWMhz). The parameters in Table 2 are applicable to the downlink as well as the uplink.

Table 2: System Numerology Assumptions
	#
	NumSCsPerSymbol
	SCSpacingKhz
	NumSymbolsPerTTI
	TTIDurationMs
	CCBWMhz
	Applicable Band(s)

	1
	1200
	15
	14
	1.0
	20
	Up-to 6 GHz only

	2
	1200
	75
	14
	0.2
	100
	All three bands



It may be noted that:
· In both sets of numerologies, the useful component carrier bandwidth is 90% of the occupied component carrier bandwidth.
· Numerology #1 (the first row of Table 2) corresponds to the legacy LTE system.

The peak SE is calculated as 

,	Eqn 1
where NumLayers, ModOrder and OverheadFrac represent the # of layers, modulation order and the fraction of RS and other overheads in the transmission. As mentioned above, the peak SE will be calculated for various choices of the NumLayers and ModOrder parameters.
It may be noted that for a given set of values for the NumLayers, ModOrder and OverheadFrac parameters, Equation(1) yields the same peak SE for both Numerology #s 1 and 2 in Table 2. This is because the parameters NumSCsPerSymbol and NumSymbolsPerTTI, as well as the product of the TTIDurationMs and CCBWMhz, are the same in both the numerologies. 
Assuming the OverheadFrac parameter to be 0.25, Table 3 lists the achievable SE values for various values of the NumLayers and ModOrder parameters. 





Table 3: Peak SE, in bps/Hz, for Numerology #s 1 and 2 in Table 2
	
	
	ModOrder

	
	
	16
	64
	256

	NumLayers
	2
	5.04
	7.56
	10.08

	
	4
	10.08
	15.12
	20.16

	
	8
	20.16
	30.24
	40.32








Proposed System Parameters 

We make the following observations.
· We note that the legacy LTE system [3], which is a sub-6GHz system, supports 8-layer transmissions with a modulation order of 256 on the DL. It is preferable to replicate this capability in the other sub-6GHz bands.
· Bands in the 24 - 40 GHz and 66 – 86 GHz ranges suffer from higher hardware impairments, leading to likely operations at higher EVM values, as compared to bands operating in the sub-GHz range. Therefore, it is preferable to restrict the modulation order to 16 for the 66 - 86 GHz bands. For the 24 - 40 GHz band, modulation orders of 16 or 64 may be considered. 
· The spatial richness of the propagation channels in the 24 - 40 GHz and 66 – 86 GHz ranges, i.e., the supportable # of MIMO layers, may be lower than in sub-6 GHz bands. Hence, it is preferable to restrict the # of layers to 4 in the 66 – 86 GHz bands. In the 24 - 40 GHz band, 4 or 8 layers may be considered. 
· Given the transmit power and form factor limitations at the UE, it is preferable to restrict the peak # of UL layers to half the peak # of DL layers. Further, in the sub-6 GHz bands, following the legacy LTE system, it is preferable to restrict the modulation order to 64 on the UL.    

Based on these observations, and based on the SE values for various (NumLayers, ModOrder) combinations in Table 3, Table 4 proposes the (NumLayers, ModOrder) parameters for each of the three bands of operation in [2]. Table 4 also lists the achieved peak SE in each case. 
It may be noted that the peak SE targets of 30 and 15 bps/Hz, on the DL and UL, as proposed in [2], are exceeded and equaled by the achieved peak SEs of 40 and 15 bps/Hz in Table 4 for the sub-6GHz band, for the DL and UL, respectively.

Table 4: Proposed Per-Band (NumLayers, ModOrder) Parameters 
(Resultant Peak SEs)
	
	Proposed (NumLayers, ModOrder)
(Resultant Peak SE in bps/Hz)

	Band (GHz)
	DL
	UL

	Up to 6 (~4)
	(8, 256)
(40)
	(4, 64)
(15)

	24-40 (~30)
	(8, 64) or (8, 16)
(30) or (20)
	(4, 64) or (4, 16)
(15) or (10)

	66-86 (~70)
	(4, 16)
(10)
	(2, 16)
(5)



Finally, for the proposed bandwidth values for each band, Table 5 lists the achievable peak SE and data rate for the choices w.r.t the (NumLayers, ModOrder) parameters proposed in Table 4.
It may be noted that the peak data rate target of 20 and 10 Gbps, on the DL and UL respectively, as proposed in [2], are equaled or exceeded by the achieved peak data rate values for the 24 – 40 GHz and the 66 – 86 GHz bands in Table 5.
· For the very high data rate targets w.r.t the 24 – 40 GHz and 66 – 86 GHz bands, transceiver implementation feasibility should be further studied and verified, for example, w.r.t metrics related to buffering capability and processing speed.

Table 5: Proposed Per-Band Bandwidth and (NumLayers, ModOrder) Parameters 
(Resultant Peak SEs and Data Rates)
	
	Proposed (NumLayers, ModOrder)
(Resultant Peak SE in bps/Hz and Peak data rate in Gbps)

	Band (GHz)
	Proposed Bandwidth, GHz
	# of Component Carriers (CCs) 
	DL
	UL

	Up-to 6 (~4)
	0.1
	1 or 5
	(8, 256)
(40 and 4)
	(4, 64)
(15 and 1.5)

	24-40 (~30)
	1
	10
	(8, 64) or (8, 16) 
(30 and 30) or (20 and 20)
	(4, 64) or (4, 16) 
(15 and 15) or (10 and 10)

	66-86 (~70)
	2
	20
	(4, 16)
(10 and 20)
	(2, 16)
(5 and 10)



[bookmark: _Toc426289536]Conclusion
Proposal: This contribution proposes the following per-band bandwidth and (NumLayers, ModOrder) parameters for each of the operating frequency ranges considered in TR38.913 [2]. 

Table 5: Proposed Per-Band Bandwidth and (NumLayers, ModOrder) Parameters 
(Resultant Peak SEs and Data Rates)
	
	Proposed (NumLayers, ModOrder)
(Peak SE in bps/Hz and Peak data rate in Gbps)

	Band (GHz)
	Proposed Bandwidth, GHz
	# of Component Carriers (CCs) 
	DL
	UL

	Up-to 6 (~4)
	0.1
	1 or 5
	(8, 256)
(40 and 4)
	(4, 64)
(15 and 1.5)

	24-40 (~30)
	1
	10
	(8, 64) or (8, 16) 
(30 and 30) or (20 and 20)
	(4, 64) or (4, 16) 
(15 and 15) or (10 and 10)

	66-86 (~70)
	2
	20
	(4, 16)
(10 and 20)
	(2, 16)
(5 and 10)
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