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Introduction
In RAN1 #84b, several OFDM-based waveform candidates have been proposed for further evaluation in NR [1]. It was further agreed that a few test cases [2][3] could be used as common platform for comparison across these candidates. Specifically, test case 3 and 4 tried to model the link level demodulation loss when there are strong close-by non-orthogonal interferers adjacent to the target user.
It should also be emphasized that other critical aspects of the waveform evaluation, such as 
· the associated transmitter and receiver complexity, 
· extra group delay, 
· extra switching overhead in TDD deployment, 
are not explicitly evaluated by those evaluation test case. These other metrics not covered by the test cases are discussed in [4].
In this contribution, we provide some further analysis of the simulation assumptions of test cases 3 and 4, and argue that some combinations, as well as the default listed parameters, may not represent the most typical deployment scenarios. Based on the analysis, we further suggest some extra constraints to case 3 and 4 assumptions to better compare across different waveform proposals.
Existing Test description
Two multi-users test cases, cases 3 and 4, were defined in RAN1 #84b to focus on uplink deployment scenarios, for the purpose evaluating impact from adjacent interferers for various waveform design:
· Case 3: same numerology asynchronous users, with fixed relative power offset
· Case 4: different numerology synchronous users, with fixed relative power offset
Block diagrams of these two modes are illustrated in Figure 1. More detailed simulation descriptions (as agreed in RAN1 #84b) are also included in Table 1.
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[bookmark: _Ref450484425]Figure 1 Test case 3: uplink asynchronous interfers
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[bookmark: _Ref458340295]Figure 2 Test case 4: uplink synchronous interferes with different numerologies

[bookmark: _Ref458777702]Table 1 Test parameters
	Assumptions
	Value

	Carrier frequency 
	4GHz 

	Duplex 
	FDD /TDD 

	Subframe duration 
	1 ms as baseline, other duration is FFS (short duration could be considered) 

	Subcarrier spacing 
	Case  3: 15KHz as baseline, 
Case 4: Target UE: 15KHz; Interferer pair: {30KHz※, 30KHz※}, {7.5KHz, 7.5KHz} other value for interferers is not precluded.

	Guard time interval 
	6.7% overhead as baseline, other interval is FFS (depend on numerology progress )

	System bandwidth & FFT size 
	10 MHz, 1024 for 15KHz subcarrier spacing 

	UE bandwidth (data transmission bandwidth plus guard tone  bandwidth of the desired UE)
	Case3:  -720 KHz (48 Subcarriers per user allocated for both target UE and interferer UEs) 
Case4:
     Config1※:    Target UE:          - 720KHz (48 Subcarrier allocated)
                          Interferer users:  - 720KHz (per UE) 
     Config2:       Target UE:         - 2880KHz (192 subcarrier allocated)
                          Interferer users:  -2880KHz (per  UE)

	Bandwidth of guard tones between neighboring UEs
	{0, 15, 30, 45, 60※, 90, 120, 180}KHz

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

	Power offset of the interferer user
	0 dB, 5 dB, 10 dB※, 20 dB

	Antenna configuration 
	1T1R※ , other configuration that captures MIMO aspect is TBD

	MIMO mode
	If companies bring results for MIMO, it is recommended to use at least one constant modulus precoding scheme. Companies need to provide their CSI and precoding assumptions for MIMO evaluations. MIMO correlation matrices should be low correlation (i.e. uncorrelated) for RAN1#86 in case of MIMO simulations.

	MCS 
	Fixed. 16QAM: 1/2 or 2/3;  64QAM: 1/2※ or 3/4; other is not precluded

	Control  overhead 
	Zero

	Time offset of interfering user
	Case 3: fixed offset {0, 128※, 512} samples (for 15 KHz subcarrier spacing with 1024 FFT size) 
Case 4: 0

	Channel estimation *
	Ideal※, realistic

	Channel model  **
	TDL model 
· All values of DS {10, 30, 100, 300, 1000} ns are evaluated with the selected TDL-DS combinations, i.e. TDL-A for DS {10,30}ns, TDL-B for DS {100 }ns, TDL-C for DS {300※,1000}ns. Companies are allowed to choose additional combination(s) of other DS values and TDL–A and/or TDL-C in TR38.900.
ETU/EVA/EPA are optional.
Mobility: 3km/h※ or 30 km/h or 120 km/h, higher speed is not precluded.





Further considerations of simulation assumption
Number of receiver antennas
Since case 3 and 4 are mainly targeting uplink scenarios, as shown in Figure 1 and Figure 2 as well as the fact that received signals have different power offset and timing, it is unrealistic to assume only 1 receiver antenna. Therefore, it is suggested to use at least 4 or more receive antennas or more to represent typical NR deployment scenarios. 
Proposal 1: Set the number of receive antenna to 4 as default for test cases targeting uplink scenario (e.g. test case 3 & 4)

Power offset of Interferers
As shown in Figure 1 and Figure 2, the original test setup assumes a fixed power offset between the target user and the interferers. While this assumption may be acceptable for certain SNR range, it is not realistic for all SNR values. 
In a typical cellular system, however, there are uplink RoT and IoT control mechanism to avoid inter-cell interference. Such mechanism will prevent the system to go unstable, and prevent the RoT and IoT to grow unboundedly. With the original assumption, as the target user increases transmit power, the interferer’s power keep increasing as well, regardless of the target user’s operating point.
For example, for some MCS targeting high spectral efficiencies, such as 64QAM, the normal operating points can be as high as 20dB or more. Therefore, it is questionable whether still realistic to assume close-by interferers with fixed RoT offset of 10 or 20dB higher than the target users. 
From an overall system design perspective, it is desirable to select and compare waveform candidates under the most typical and realistic deployment setups, which can  lead to a more balanced trade-offs between all key design metrics, including OoB emission suppression, complexity, processing delay and switching overhead, etc. Therefore, we suggest to slightly modify the cases 3 and 4 to the following:
· Option 1: keep the original setup of fixed relative Power offset between the interferers and target user, but imposing an upper bound on the absolute RoT of the interferers (say, 20dB). 
· Option 2: replacing the fixed relative power offset between the interferers and target user by fixed absolute RoT of the interferers.

In the remaining section, we try to get further insight on the statistics of the uplink RoT.

[bookmark: _Ref458697889]Absolute RoT statistics
The following results are from a system simulation of a single-layer dense urban deployment with 200 meter inter-BS distance. The deployment model assumes 10 UEs per TRP. The traffic model is assumed to be full-buffer.
The number of antenna elements at the UE is 4 and at the TRP is 256. 
Uplink power for the data transmission of the UEs is controlled using open-loop power control. The power control parameter Po is set at 20 dB above noise floor. The fractional pathloss compensation factor α is set to 0.8. 
The results correspond to a simulation bandwidth of 20 MHz and a system bandwidth of 80 MHz. The UE transmit power limit has also been scaled appropriately to account for the difference between the simulation bandwidth and system bandwidth. For example, the maximum UE transmit power is set to 17 dBm corresponding to a simulation bandwidth of 20 MHz.
The uplink scheduler makes use of MU-MIMO as well as sub-band scheduling techniques to select the scheduled set. Channel estimation errors have been modeled on the scheduler-side and demod-side. MMSE receiver is assumed for the demod.
In this simulation scenario, the plot in Figure 3 shows the complementary CDF of the total rise-over-thermal (RoT). To generate this CCDF, RoT samples are recorded at each TRP on a per-RB basis, averaged across the antennas. Note that the RoT is computed by calculating the ratio of the total received power (including thermal noise) to the thermal noise power before applying any MMSE receiver processing. 
From the plot, one can infer that the likelihood of the total RoT exceeding 16.5 dB is less than 1%. 
The spectral efficiency achieved in this simulation setup meets the 3x IMT-Advanced spectral efficiency requirements.
Proposal 2: Imposing a realistic upper-bound on the absolute rise-over-thermal (e.g. 20dB) from the interferer for test cases targeting uplink scenarios (e.g. test cases 3 & 4). 
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[bookmark: _Ref458521514]Figure 3: CCDF of rise-over-thermal
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The simulation settings for the results of the current section are the same as in Section 3.2.1. In order to understand the statistics of the relative offset between two users allocated to neighboring frequency resources, the following methodology was used. At every TRP, in every sub-frame, over every RB, and for every UE that was assigned a modulation of 64-QAM or higher order, two quantities are recorded:
1. The power received from that UE on that RB, relative to thermal noise (in dB)

2. All power received on the adjacent RB, excluding the contribution, if any, of the UE considered in item 1 above, relative to thermal noise (in dB)

The plot in Figure 4 shows the complementary CDF of the difference (in units of dB) between quantity 2 and quantity 1 above:
[image: ]
[bookmark: _Ref458700365]Figure 4: CCDF of relative offset between adjacent allocations

Conclusions
In this contribution, we provided some further thoughts on the simulation assumptions for the waveform test cases 3 and 4. We argued that some setup and specific parameter combinations are not realistic (or typical) under practical deployment. We also proposed a few adjustments to the existing assumptions to better evaluate the different waveform candidates.
Proposal 1: Set the number of receive antenna to 4 as default for test cases targeting uplink scenario (e.g. test case 3 & 4)
Proposal 2: Imposing a realistic upper-bound on the absolute rise-over-thermal (e.g. 20dB) from the interferer for test cases targeting uplink scenarios (e.g. test cases 3 & 4). 
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