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Discussion
1
Introduction

Different options for modelling the finite buffer traffic at link level were discussed during RAN4#67 in [3], Further, the working assumption for general ON/OFF model was presented during RAN4#68 in [4] for further discussion, as extracted below. 
	Interference has a constant MCS/RI across the time and frequency domain for the duration of each packet
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

· Values in [] are meant to be a starting point, to be further verified in RAN4


In this contribution, we further discuss the method for interference modelling in scenario 1 and scenario 2a/2b.
2
Interference modelling for finite buffer traffic
In this section, we present a methodology to model the finite buffer interference for agreed NAICS scenarios. We explained briefly the methodology based on scenario 1 in subsection 2.1 and the applicability of the modelling methodlogy for scenario 2a/2b was discussed in sub-section 2.2.

2.1
Methodology for ON/OFF modelling in the link level
Here, we propose a method to derive the required parameters for modelling ON/OFF interference in the link level. The procedure can be explained in the following four steps: 
Step 1: Run system level simulation according to the parameters in the appendix corresponding to a target RU level (e.g., 40%)

The purpose of the system level simulation is to collect the following parameters as the input for link level modelling: 
· MCS distribution associated with the transmission_ON time ratio

· λ for the inter-packet arrival rate

·  the average HARQ retransmission time
It is worth of noting that the scheduling restriction of one UE per TTI is applied to secure no FDM transmission in case of multiple active UEs. The intention is to align with the agreed interference modelling assumption that the full bandwidth allocation is applied. Otherwise, the observed transmission_ON time with FDM could be much longer than the practical transmission_ON time with full-bandwidth allocation due to frequency resource sharing among multiple UEs, which can lead to incorrect settings (e.g., too long transmission_ON time and much higher RU level) in the link level simulation with the full bandwidth allocation.
Step 2: For the each combination of the selected modulation scheme (QPSK/16QAM/64QAM) and rank (Rank 1/2), collect the median MCS and the associated transmission_ON probability (Pr_TxOn(i)) from the statistics obtained in step 1.
Step 3: Derive the average transmission_ON time per packet for each median MCS based on 0.5M bytes packet size, taking into account HARQ transmission time. The transmission_ON time per packet corresponding to each median MCS, i.e., t(i), can be expressed as below:
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Where:


Npacket : packet size in Mbytes, i.e., 0.5Mbytes.
R(i): assumed data rate for transmission with 10MHz bandwidth, which is corresponding to the selected median MCS. 
ReTx: the average transmission times, which can be derived from the statistics of system level simulations as below: 
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Where Pr(j) represent the success rate at the jth (re)transmission.

According to the system simulation results, 87% packets take 1 transmission for success, 12% packets take 2 transmissions and 1% packets for 3 transmissions, then 

ReTx = 87%*1+12%*2+1%*3=1.14

It is worth of noting that (re-)transmission times depend on the BLER target setting. In our system level simulation, it is following the typical setting, i.e., 10% BLER target after 1st transmission. 

Step 4: Derive the probability of a packet using one of median MCSs.

Based on the equation below, the probability of a packet with transmission using MCS i, Pr_packet(i), can be derived from the following formula:
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Hence, 
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Where


Pr_TxOn(i): the transmission_ON probability corresponding to MCS i.


t(i): the packet mean time corresponding to MCS i, as calculated from step 3.
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with going through step 1-4, the parameters required as the input for link level simulations can be obtained, which are listed as below:

· A set of median MCSs, i.e., MCS (i) as such: 64QAM 3/4 with rank 2, 64QAM 2/3 with rank 1, 16QAM 3/5 with rank 2, 16QAM 11/20 with rank 1, QPSK 1/2 with rank 2, QPSK 2/5 with rank 1.

· Pr_packet(i): the probability to use MCS(i) for transmission of each generated packet.
· t(i): the packet mean time corresponding to transmission with MCS(i). 
· λ: packet inter-arrival rate, i.e., 1.75 calls/second according to our system simulation results with 40% RU level.
The results for the parameters (Rank, MCS, Pr_packet and t) to model link level interference are summarized in Table 1 (in yellow)

Table 1 Median MCS associated with total transmission_ON probability for each MCS&Rank combination
	 
	Transmission_ON probability, 
Pr_TxOn(i)
	Median MCS,
MCS(i)
	Data Rate (Mbps)
	Transmission_ON time per packet, t(i), (ms)
	Probability of packet using MCS(i), Pr_packet(i)
	index (i)

	64QAM Rank2
	10%
	MCS_25 
	56.672
	80
	28.17%
	1

	64QAM Rank1
	7%
	MCS_23
	25.456
	179
	8.86%
	2

	16QAM Rank2
	19%
	MCS_16
	30.528
	149
	28.83%
	3

	16QAM Rank1
	35%
	MCS_15
	14.112
	323
	24.55%
	4

	QPSK Rank2
	6%
	MCS_7
	12.4
	368
	3.70%
	5

	QPSK Rank1
	23%
	MCS_6
	5.16
	884
	5.90%
	6


Verification of the methodology:

To check whether the methodology is correct, we compare the projected mean transmission_ON time per packet with the mean transmission_ON time collected from the system level simulations:

· The projected mean transmission_ON time = 
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= 226ms.
· The simulated mean transmission_ON time = 222ms, as shown in Figure 1 with the statistics of system simulation results.

Further, we can compare the projected RU level and the RU level obtained from the system level simulation results for verification: 

· The projected RU level: RU= λ*
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· The simulated RU level is around 38%.

So it can be noticed that the projected values for link level setup are pretty close to the system level simulation results, which fully justifies the proposed method for interference modelling.
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Figure 1 Transmission_ON time per packet (ms)

In addition, considering the complexity in the link level simulator to model HARQ operation, it is proposed that HARQ operation is not modelled in the link level for the interferers. Actually, the effect of HARQ operation in the interferers could be studied in the system level simulations by RAN1 if needed.
Proposal 1: Using the proposed 4-step method to derive the parameters for interference modelling in link level simulation.
Proposal 2: Using results presented in Table 1 for interference modelling in Scenario 1.
Proposal 3: No modelling of HARQ operation for the interferers in the link level simulation.

2.2
Scenario specific issues for ON/OFF interference modelling
For the proposed methodology as above, it can be well applied for scenario 1. However, for scenario 2a/2b with different eNB type (macro or pico node) and different loading ratio, it may require more effort than scenario 1 for a suitable interference modelling:

1. For a macro (or pico) UE, the probabilities of macro or pico node as the 1st (or the 2nd) dominant interferer have to be collected from the system level simulations.  Especially, such probabilities may vary depending on the location of NAICS UE under study.
2. For each type of interfering eNB (Macro or Pico node), a set of parameters (median MCS, transmission_ON time per packet, packet probability and inter-packet arrival rate) have to be obtained. 
3. During the link level simulation, switching between macro and pico nodes for DIP 1 (and/or DIP2) would cause the change of the associated interference modelling parameters. Hence, it would prefer the same inter-packet arrival rate for macro node and pico node in the modelling and system level simulations. However, it may cause different loading ratio for the macro node and the pico node supposing the same packet size.
All in all, considering the complexities aforementioned for modelling different type of interferers, it is preferred to model the interferers without differentiation on eNB type, i.e., the same methodology as used for scenario 1.
Proposal 4: For scenario 2a/2b, there is no differentiation on the type of interfering nodes for modelling. 

3
Conclusions
In this paper, we have discussed the link level modelling of the finite buffer traffic. Firstly, we discussed how to model the interferers for scenario 1. Secondly, we discussed the complexities of interference modelling at link level for scenario 2a/2b. A modelling with the proposed methodology can be summarized in following proposals:

Proposal 1: Using the proposed 4-step method to derive the parameters for interference modelling in link level simulation.
Proposal 2: Using results presented in Table 1 for interference modelling in Scenario 1.
Proposal 3: No modelling of HARQ operation for the interferers in the link level simulation.

Proposal 4: For scenario 2a/2b, there is no differentiation on the type of interfering nodes for modelling. 
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Appendix: System simulation parameters
	Parameter
	Setting

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model 
	ITU UMa

	UE speed
	3kmph

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	WB CQI/PMI

	Feedback delay
	6ms

	Feedback reporting interval
	10ms

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Scheluler
	TD PF (only one UE scheduled per TTI)

	BLER target
	10% after 1st transmission

	PDSCH Resource allocation
	50 PRB

	Deployment scenarios
	NAICS Scenario 1, Full ITU Uma.
For outdoor UEs : 0dB
For indoor UEs : 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Number of Ues
	Uniform UE dropping
20% outdoor UEs
80% Indoor UEs

	
	Traffic type
	FTP1

	Traffic model 
	Inter-arrival-time
	Poisson distribution

	
	Packet size
	0.5 Mbytes

	
	Target RU
	40%
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