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1. Introduction
· For NAICS receiver link level evaluation [1], most modeling issues for phase-2 have been agreed. In this contribution we provide our views on the remaining details as outlined in [2]:
· Packet arrival is a Poisson process with an arrival rate defined as λ= RU / D (mean packet duration from SLS @40% RU, 0.5MBytes) 

· RU=40% (for scenario 1), TBD for scenario 2a/2b

· “D” = [250ms] (scenario 1), and for scenario 2a/2b [200ms] (macro interferer) and [100ms] (small cell interferer) [note from DCM R4-133277]

· RI=1/2 is randomly chosen according to [50/50] probability [note: from MTK R4-133638 etc.]

· MCS varies from packet to packet 

· MCS randomly selected from three MCS levels defined below 

· RI=2: MCS [5] ([TBD]% prob), MCS[14] ([TBD]%), MCS[19] ([TBD]%)

· RI=1: MCS [8] ([TBD]% prob), MCS[17] ([TBD]%), MCS[22] ([TBD]%)

· MCS/RI determines ON duration assuming 0.5MB packets
2. Potential Issue
In our view, for fixed size packet assumption, the packet duration should depend on the chosen transport block size (TBS), which is dependent on the chosen MCS and RI. Packet arrival rate λ, loading level (RU) and mean packet duration (D), are coupled and specifying any two of them fixes the third. The mean packet duration in the link-level model can be calculated based on the distribution of MCS and RI, which may not match “D” from system level results. “D’ reflect the values at all cells (desired and interference) as the outcome of scheduling multiple UEs, each having partial bandwidth, and with scheduling delay and HARQ retransmission. So it is understandable that “D’ does not need to match the link level mean packet duration which is for only the interference cell and under a single UE. 
However, using λ=RU/D to derive the arrival rate as outlined in [2] will cause a potential problem as illustrated below. Note that the arrival rate determines the time between packet arrival, i.e., off period is the inter-arrival time minus the packet duration.
Figure 1 shows typical median packet duration observed on system level simulations for scenario 1. 
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Figure 1 Median packet duration versus mean RU

Based on the observations, the median packet duration observed on system level and the resulting packet arrival rates according to λ=RU/D are:
	RU
	Packet Duration (D)
	arrival rate (λ)

	40%
	285 msec
	1.40

	60%
	483 msec
	1.24


Table 1 Median packet duration (D)

Typically the mean packet duration should increase with increasing RU. This is because the overall increased interference in the system causes lower SINR which results in lower selected MCS (hence TBS) and more retransmissions; and also as more UEs are scheduled, each UE may be allocated less resources (PRBs). Increase of RU is typically caused by the increase of arrival rate. However, it is not the case in the above table where we saw a decrease of arrival rate! This is because the equation λ=RU/D is only valid when the service rate is independent from the arrival process, which is unfortunately not the case in mobile system where the increase interference reduces the spectral efficiency (i.e., service rate).  
To avoid this problem, we suggest first determining the RI and MCS distributions, and then derive the expected packet duration and leave the packet arrival rate to be determined lastly (see section 5 later).
3. Rank (RI) of interference

Results from [3] are reproduced here for easy reference. Figure 2 shows the probability of rank 2 transmission versus mean RU.
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Figure 2 Rank 2 Probability versus mean RU
From the observation, we estimate the rank 2 probabilities as 

	Mean RU [%]
	Rank 2 Probability

	20%
	0.6366

	40%
	0.5935

	60%
	0.5504

	80%
	0.5073

	100%
	0.4642


Table 2 Rank 2 Probabilities

While a small variation occurs across loading, the effect of adopting a changing interference RI probability based on loading is likely to be minimal for link-level evaluation. Hence, to simplify modeling methodologies, we proposed a fixed, equal probability model for RI.
Proposal 1: Firstly, determine RI=1/2 randomly according to 50:50 probability.
4. MCS

To reduce modeling complexity but yet still representing all three modulation levels, three most significant MCS levels could be chosen as proposed in the Way Forward [2]. Figure 3 and Figure 4 shows the histograms of the selected MCS for a typical system level observation at 40% loading, separated into rank 1 and rank 2 transmissions. Interesting, we don’t see the MCS for rank-2 is typically lower than MCS under rank-1. So we proposed the same set of three MCSs.
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Figure 3 Histogram of MCS for rank 1 tranmissions
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Figure 4 Histogram of MCS for rank 2 transmissions

To see the probability of certain modulation order, we collect all MCSs with that modulation order and observe the following

	Modulation
	Probability
(Rank1)
	Probability
(Rank 2)

	QPSK
	0.3078
	0.3789

	16QAM
	0.4157
	0.3662

	64QAM
	0.2765
	0.2549


Table 3 Modulation Order Probabilities
From the above observations, we propose the following for 40% RU:
Proposal 2: Secondly, MCS, which varies from packet to packet, is randomly selected from three MCS levels defined below (for 40% loading): 

· RI=2: MCS 8 (38% prob), MCS 16 (37%), MCS22 (25%)

· RI=1: MCS 8 (31% prob), MCS16 (41%), MCS22 (28%)
The corresponding TBS from 36.213 are as follows:
	MCS
	ITBS
	TBS for NPRB=50

	8
	8
	6968

	16
	15
	15264

	22
	20
	22920


Table 4 Transport Block Size for interference modeling
In addition [3], Figure 5 shows the histogram of the difference between the selected MCS for the two layers for rank 2 transmissions. As observed, for rank 2 transmissions, a large difference between the two MCS is not likely.
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Figure 5 Histogram of the difference in MCS between two streams for rank 2 transmissions
Proposal 3: Use the same MCS for both streams for rank 2 transmissions.
5. Packet arrival rate 

From the MCS distribution, we derive the expected number of bits for each transmission as:
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Not accounting for retransmissions, the average packet duration can be approximate as below, which is actually in the ballpark of the “D” observed from system level simulation. 
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Even though we discussed previously in section 2 that λ=RU/D may not be valid in practice, we can still use it here since the mean packet duration is fixed as determined above from MCS and RI distribution. In other words, the average service rate is fixed according to “D”. By applying λ=RU/D, the packet arrival rates are approximated as

	RU
	Packet Duration (D)
	arrival rate (λ)

	40%
	192 msec
	2.1


Table 5 Packet arrival rates for interference modeling
(Note: the above does not include HARQ retransmissions and scheduling decisions and is only used for interference modeling.) Note that to obtain the arrival rate for other RU levels, the corresponding MCS distribution needs to be determined first (may not be the same as those under RU=40%), and the same calculations outlined above can be performed.
Proposal 4: Thirdly, derive interference packet arrival rates from the packet size and the MCS and RI distributions.
6. Interference ON/OFF duration

Interference ON duration is calculated from the selected MCS (TBS) and RI as proposed in the Way Forward [2].

Proposal 5: Finally, determine interference ON duration as 0.5 Mbytes / TBS / rank for each packet where the transport block size (TBS) corresponds to the chosen MCS. Determine the OFF duration as the inter-arrival time (determined from the arrival rate) minus the ON duration.  
7. Conclusion 

In this contribution, we propose the following for link level ON/OFF modeling of the interference.
Proposal 1: Firstly, determine RI=1/2 randomly according to 50:50 probability.

Proposal 2: Secondly, MCS, which varies from packet to packet, is randomly selected from the three MCS levels defined below (for 40% loading): 

· RI=2: MCS 8 (38% prob), MCS 16 (37%), MCS22 (25%)

· RI=1: MCS 8 (31% prob), MCS16 (41%), MCS22 (28%)
Proposal 3: Use the same MCS for both streams for rank 2 transmissions.
Proposal 4: Thirdly, derive interference packet arrival rates from the packet size and the MCS and RI distributions.
Proposal 5: Finally, determine interference ON duration as 0.5 Mbytes / TBS / rank for each packet where the transport block size (TBS) corresponds to the chosen MCS. Determine the OFF duration as the inter-arrival time (determined from the arrival rate) minus the ON duration.
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