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1. Introduction
BS IRC receiver in asynchronous network was discussed in the previous meetings. In RAN4 #76bis meeting, it was agreed to consider investigating the performance of asynchronous network as well as synchronous network in the WI [1] [2]. Moreover, the following two methodologies for asynchronous network interference modeling are proposed to be analyzed further [3]:

· Methodology 1: Modeling of time-varying interference in terms of interference power and fast fading

· Methodology 2: The only difference w.r.t. the synchronous simulation setup is to model certain timing offsets
Methodology 1 was proposed based on the fact that: in real network, the neighboring cell may schedule two different UEs in two continuous TTIs, resulting in the change on interference transmission power as well as fast channel matrix [4]. Actually, whether the same or two different UE(s) are scheduled in two continuous TTIs is depending on the BS scheduling decision. 

In this contribution, system level simulations are performed to analyze the probability that two different UEs are scheduled in two continuous TTIs.
2. Discussion
System level simulations are performed for homogeneous network using the assumptions agreed in the BS IRC TR [5]. Besides, some same-scale channel related parameters are listed in Table A2 in the Annex. Full buffer traffic and proportional fair scheduler are assumed, and the minimum scheduling unit in frequency domain is 6 PRBs. 
To calculate the PF factor per TTI per sub-band (6 PRBs), UE instantaneous throughput is estimated based on the channel quality at sounding RS REs. Sounding RS period is configured as 5 ms in the simulation, with 6 ms processing delay modeled. We can categorize all the simulated TTIs into two types, as illustrated in Figure 1:
· Type-1 TTI: TTI k is categorized as a type-1 TTI, if the UE PF factors at TTI k and TTI k-1 are estimated based on the sounding RSs transmitted at different TTIs (i.e., different sounding RS periods).
· Type-2 TTI: TTI k is categorized as a type-2 TTI, if the UE PF factors at TTI k and TTI k-1 are estimated based on the same sounding RS (i.e., same sounding RS period).
Note: for type-2 TTI, the numerator of the UE PF factor is the unchanged compared with its previous TTI, and the UE PF factor can change with the denominator, i.e., already successfully delivered throughput for one UE.

[image: image1]
Figure 1: Illustration of type-1 TTI and type-2 TTI
Then, the scheduled UE index is recorded for every TTI and every sub-band, and the probability of two different UEs being scheduled in two continuous TTIs are obtained and given in Table 1. User speeds of 3km/h and 30km/h are considered.
Table 1: Probability of two different UEs being scheduled in two continuous TTIs
	Probability
	Type-1 TTI
	Type-2 TTI

	User speed is 3km/h
	48.5%
	32.7%

	User speed is 30km/h
	61.1%
	32.9%


Based on the analysis and simulation results above, it is observed that:
Observation 1: For type-1 TTI, two different UEs are scheduled in two continuous TTIs with 48.5% - 61.1% probability.

Observation 2: For type-2 TTI, two different UEs are scheduled in two continuous TTIs with about 33% probability.
3. Conclusion
This contribution analyzed the probability that two different UEs are scheduled in two continuous TTIs. Considering the sounding RS period, the simulated TTIs are categorized into two types, as illustrated in Figure 1:

· Type-1 TTI: TTI k is categorized as a type-1 TTI, if the UE PF factors at TTI k and TTI k-1 are estimated based on the sounding RSs transmitted at different TTIs (i.e., different sounding RS periods).
· Type-2 TTI: TTI k is categorized as a type-2 TTI, if the UE PF factors at TTI k and TTI k-1 are estimated based on the same sounding RS (i.e., same sounding RS period).
Two observations were made for the two types of TTIs:
Observation 1: For type-1 TTI, two different UEs are scheduled in two continuous TTIs with 48.5% - 61.1% probability.

Observation 2: For type-2 TTI, two different UEs are scheduled in two continuous TTIs with about 33% probability.
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5. Annex – Simulation Assumptions
Table A1: System-level assumptions for homogeneous scenarios in [copied from TR 36.884 v0.2.0]
	Parameters
	Values(for Macro cell)

	Bandwidth
	10 MHz

	Carrier frequency
	2GHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	ISD
	500 m

	Total BS TX Power
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 2D distance between an eNB and a UE applied.

	Shadowing standard deviation
	ITU UMa

	Shadowing correlation
	0 between macro-cell sites, 1 between macro-cells

	Penetration loss
	0dB

	Antenna pattern
	Horizontal
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	Combining method in 3D antenna pattern
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	BS antenna Height
	25m

	UE antenna Height
	1.5m

	Antenna gain
	17dBi

	Antenna gain of UE
	0dBi

	Feeder loss
	0dB

	Number of UEs
	10 per cell

	UE dropping
	UEs are randomly and uniformly distributed in the macro geographical area, 100% UEs are outdoor

	Minimum distance between UE and Cell
	>= 35 meters

	Traffic model
	Full buffer transmission on PUSCH

	eNB noise figure
	5dB

	Thermal noise
	-174dBm/Hz

	Network synchronization
	Synchronized

	Backhaul Modelling
	Assume that there is no exchange of the information for the assistance for BS MMSE-IRC receiver between cells located in different sites.

	Uplink transmission schemes
	Single port uplink transmission on PUSCH; No MU-MIMO is used.

	Uplink scheduling
	· Option 1 (Baseline): Round-robin FDM scheduling from 36.814 calibration, i.e.,

· Share available bandwidth between users connected to the cell, all users get resources in every uplink subframe. With M users and Nrb PRBs available,  Mh=mod(Nrb,M) users get floor(Nrb/M)+1 PRBs whereas Ml=M-Mh users get floor(Nrb/M) PRBs

· Option 2 (Optional): PF scheduling

· Provide the DIPs per PRB

	UL power control
	Open loop power control, K_s = 0, P0 = -82 dBm and alpha = 0.8 for macro UE

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell coordination techniques
	No CoMP and (f)(e)ICIC

	Cell selection criteria
	RSRP based

	Hard handover hysteresis
	3 dB


Table A2: Additional parameters of system level evaluation

	Parameters
	Values

	Small scale channel model
	ITU UMa

	Base station antenna configuration
	2 antenna, ULA 0.5 λ spacing

	UE antenna configuration
	1 antenna 

	User speed
	3km/h, 30km/h

	Uplink scheduler
	PF scheduling with 6ms processing delay

	SRS period
	5ms

	Minimum scheduling unit
	6 PRBs
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