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1 Introduction

In [1], the newly approved SI on 5G new radio access technology has one of its objectives as the following:

· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
In [2] and [3], the design principles for 5G waveform and the motivations and benefits of an OFDM based flexible waveform are presented. To further evaluate the efficacy of new waveform proposal, the evaluation methodology needs to be established. In this contribution, we present our views and proposals for a link level evaluation methodology for the candidate waveform designs of 5G new RAT.
2 Discussion
2.1 Evaluation scenario and methodology 
The new waveform design plays an important role in enabling diverse services (eMBB, mMTC, and URLLC services [4]) on a single continuous block of spectrum in an efficient way (see section 10.2 in [4]), as well as supporting various user speeds in a similar manner. 
Different service requirement, user speeds, and deployment scenarios may result in different “optimal” numerologies of its own. Hence 5G waveform design is required to support different numerologies (including different CP length, subcarrier spacing and TTI), as well as to enable different numerologies co-existing efficiently on a single continuous block of spectrum. In addition, the new waveform is required preferably to support asynchronous access transmission with relaxed synchronization to some extent, for the low cost devices. To reflect these three essential requirements, typical 5G numerologies, their co-existence scenario and asynchronous uplink transmission scenarios are preferred for the waveform evaluation. Therefore, both “single numerology case” and “mixed numerology case” should be considered for downlink, and asynchronous transmission performance should be considered for uplink in link level simulation.
On the scope of evaluation, a representative set of numerology parameters is required for 5G waveform evaluation. Especially short CP and short TTI length should be considered, since all the new waveforms may be sensitive to these two factors.
Specifically, Figure 1 illustrates these three evaluation cases:
· Downlink single numerology case: it indicates the situation that there is only one numerology on the whole bandwidth of one carrier. The purpose of this single numerology case is to evaluate the self-intrinsic Inter-Symbol-Interference (ISI) and Inter-Carrier-Interference (ICI) caused by new waveform itself, and also the system guard band overhead for various numerologies.
· Downlink mixed numerology case: It indicates a target user (on its own subband) with neighboring subband(s) using different numerologies.
· In this case, a system with three subbands could be assumed. The middle one is for the target user, and two neighboring subbands with different numerologies exist on both sides of the “target” subband. The purpose of this mixed numerology case is to evaluate the new waveforms’ robustness for neighboring sub-band interference, and evaluate the inter-subband guard band overhead considering the requirements of different numerologies co-existing efficiently on a single continuous block of spectrum
· Uplink asynchronous transmission case: It indicates a target user with two neighboring interfering UEs with different power offset. 
· In this case, three UEs could be assumed. The middle one is the target UE, and two interfering UEs with different power offset exist on both sides of the “target” UE. The purpose of this uplink asynchronous transmission case is to evaluate the new waveforms’ robustness for uplink asynchronous interference, and evaluate the inter-UEs guard band overhead considering the requirement of TA relaxed/free uplink transmission for some devices. 
In addition, for downlink, the highly promising techniques that contribute to spectrum efficiency improvement such as MIMO and high order modulation (e.g. 64QAM and 256 QAM) should be considered in conjunction with waveform design. While for uplink asynchronous transmission case, medium MCS (e.g. 16QAM) and SISO are reasonable configuration for evaluation.
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 (a) Downlink single numerology case
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(b) Downlink mixed numerology case
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                                                     (c) Uplink asynchronous transmission case
Figure 1 Illustration of evaluation cases in link-level simulation
Proposal 1:  Link level simulation is used for waveform evaluation. 
Proposal 2: Three scenarios should be evaluated, i.e. downlink single numerology case, downlink mixed numerology case, and uplink asynchronous transmission case. Typical numerologies for 5G should be considered in these scenarios.
Proposal 3: MIMO and high order modulation should be considered for downlink evaluation.
2.2 Evaluation Metric
The user spectrum efficiency is recommended for the evaluation of the waveform design, which is a simplified metric of the TRP (transmission and reception point) spectrum efficiency from [4].  In the case of 1 TRP and 1 target UE in a link level simulation, this is derived as 
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where ( denotes the number of correctly received bits by target user, T is the simulation time, and ( is the bandwidth taking into account the guard band needed. The above equation are further detailed for single numerology case and mixed numerology case, as discussed in the following.
2.2.1 Downlink single numerology case
In this case, (=BWcarrier is the whole bandwidth of one carrier (see Figure 1(a)), and ( is the number of correctly received bits in typical fading channel that occur on signal transmission bandwidth and time. The important factors that affect the value of ( include system guard band overhead, time domain overhead, and BLER. For time-domain overhead, residual tail is one major concern in waveform design. These factors are discussed in the following for single numerology case.
· System guard band overhead
The intention of the system guard band is to meet the RF out-of-band (OOB) leakage requirements regulated by 3GPP, as shown in Figure 1(a). The guard band overhead calculation should be based on an agreed baseband OOB requirement assumption, and is illustrated in Figure 1. The RF spectrum mask regulated by 3GPP, plus a margin (e.g. 10dB) is recommended to be used as the baseband OOB requirement. The purpose of the margin is to compensate the RF imperfection, including the DAC quantization error, power amplifier’s non-linearity and wideband signal noise accumulation, etc. 
As shown in Figure 1(a), system guard band overhead is given by

[image: image5.wmf]sys

_

carrier

sysGB

G

BW

g

=


where Gsys is the bandwidth of system guard band.
· Residual tail length
The residual tail might be introduced by the filtering/windowing operation in most new waveforms. It will bring potential additional time domain overhead at the boundary of DL/UL switching point for TDD system, as illustrated in Figure 2. If the tail can be accommodated by GP (Guard Period) in TDD system (without performance degradation), it would not introduce additional overhead. In this case, it could be counted as 0. For FDD, if the tail does not introduce additional “GP” between neighboring subframes, it would not introduce additional overhead either. In this case, the tail length could be counted as 0 as well.
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Figure 2 Residual tail overhead
· BLER (Block error rate) performance in fading channel
This BLER is used to calculate the number of correctly received bits, (, within the signal transmission bandwidth and time on the system bandwidth, excluding the system guard band overhead and time domain overhead. It reflects the intrinsic ISI/ICI’s impact of various waveforms on receiver performance, especially considering the impact of channel multi-path spread (e.g. ETU channel). For all the filtering/windowing based new waveform, the ISI in fading channel will become bigger than that in AWGN channel, since the end-to-end filter/window response convoluted with rich multi-path spread will exaggerate the intrinsic ISI.
2.2.2 Downlink mixed numerology case
If multiple sub-bands with different numerologies will coexist on a single continuous block of spectrum, as shown in Figure 1(b), there will exist inter-sub-band interference, since the sinc function orthogonality of OFDM waveform could not be maintained across the neighboring sub-bands. And the interference from neighboring interfering sub-band is especially severe for the subcarriers at the edges of the target sub-band, as shown in Figure 3. Considering that a user might be scheduled at the edge PRB within the target sub-band, it would be important to understand its performance. Thus, it is reasonable to evaluate the spectrum efficiency of that single PRB at the edge of the target subband as shown in Figure 3.
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Figure 3 Interference from neighboring sub-band
In this case, one could evaluate the spectrum efficiency on the edge PRB (i.e., the PRB at the edge of the target subband). Under given number of guard tones between sub-bands (i.e., inter-subband guard band), the spectrum efficiency of the target user can be calculated as
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where ( denotes the number of correctly received bits on the edge PRB, which is reflected with BLER performance in fading channel, T is the simulation time, and ( is the bandwidth of the single edge PRB. 
2.2.3 Uplink asynchronous transmission case

In this case, there will exist inter-UE interference if multiple UEs are not synchronized with each other. Similar to downlink case, the spectrum efficiency of the interfered target UE should be evaluated, with certain number of guard tones between UEs (i.e., inter-UE guard band). In addition, some power offset between UEs should be considered due to the receiving power difference at BS side. The spectrum efficiency of the target user can be calculated as
   
[image: image9.wmf]χ

η

ω

T

=

×


where ( denotes the number of correctly received bits by the target UE, which is reflected with BLER performance in fading channel, T is the simulation time, and ( is the bandwidth of the target UE. 
Proposal 4:  User spectrum efficiency should be used as the evaluation metric for waveform design, in which system guard band overhead, inter-sub-band guard band, inter-UE guard band, residual tail length, and BLER in typical fading channel should be reported.
2.3 Link level evaluation assumption
To be specific, the basic link level evaluation parameters are proposed in Table 1 and Table 2 below.
Table 1 Downlink link level simulation parameters for single numerology and mixed numerology case
	Assumptions 
	Value 

	Carrier frequency
	4GHz

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms as baseline, other TTI length is FFS ( short TTI should be considered)

	Subcarrier spacing 
	15KHz as baseline, other subcarrier spacing is FFS

	CP length
	4.7us as baseline, other CP length is FFS (short CP should be considered)

	FFT size 
	1024 for 15KHz subcarrier spacing

	Data transmission bandwidth 
	Single numerology case: 50~55 PRBs for 15KHz subcarrier spacing
Mixed numerology case: 
4.5MHz bandwidth for target sub-band with 15KHz subcarrier spacing, with 1 PRB located at the edge of target sub-band for spectrum efficiency evaluation.
4.5MHz bandwidth for interfering sub-band with different subcarrier spacing (specific value FFS)

	Guard tone number
	0~5 subcarriers for the mixed numerology case

	Number of transmission antenna ports 
	1T1R, 4T4R

	MIMO mode
	TM3

	Rank per UE
	1,2 and 4 (fixed rank)

	MCS 
	Fixed. 16QAM: 1/2, 2/3; 64QAM: 1/2, 3/4;256 QAM: 1/2, 3/4

	Control Overhead 
	No RS, PDCCH / EPDCCH / PSS / SSS / PBCH 

	Channel estimation 
	Ideal 

	Channel Model 
	ETU for 15kHz subcarrier spacing
Channel model for other numerology is FFS


Table 2 Uplink link level simulation parameters for asynchronous transmission case
	Assumptions 
	Value 

	Carrier frequency
	4GHz

	Duplex
	FDD

	TTI length 
	1 ms as baseline, other TTI length is FFS ( short TTI should be considered)

	Subcarrier spacing 
	15KHz as baseline, other subcarrier spacing is FFS

	CP length
	4.7us as baseline, other CP length is FFS (short CP should be considered)

	FFT size
	1024 for 15KHz subcarrier spacing

	Bandwidth per user (including target user and interfering user)
	720 KHz (48 Subcarriers allocated per user)

	Number of uplink users
	3 (1 target user and 2 interfering users)

	Power offset of the interfering user
	0 dB, 20 dB 

	Number of transmission antenna ports
	1T1R

	MCS
	Fixed. 16QAM: 1/2, 2/3

	Control Overhead 
	No 

	Time offset of interfering user
	512 samples (for 15 KHz subcarrier spacing)

	Channel estimation 
	Ideal 

	Guard tone number 
	0 ~5 Subcarriers

	Channel Model 
	ETU for 15kHz subcarrier spacing
Channel model for other numerology is FFS


Proposal 5: Parameters in Table 1 and 2 are used as starting point for waveform evaluation.
3 Conclusion

In this contribution, we presented some considerations for the evaluation of waveform design. We propose to agree on the following Way Forward in this meeting:
Proposal 1:  Link level simulation is used for waveform evaluation. 
Proposal 2: Three scenarios should be evaluated, i.e. downlink single numerology case, downlink mixed numerology case, and uplink asynchronous transmission case. Typical numerologies for 5G should be considered in these scenarios.

Proposal 3: MIMO and high order modulation should be considered for downlink evaluation.
Proposal 4: User spectrum efficiency should be used as the evaluation metric for waveform design, in which system guard band overhead, inter-sub-band guard band, inter-UE guard band, residual tail length and BLER in typical fading channel should be reported.
Proposal 5: Parameters in Table 1 and 2 are used as starting point for waveform evaluation.
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