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Discussion
1
Introduction

A workplan for studies on the need for requirements covering asynchronous deployments [1] was discussed during RAN4#63AH and the proposed timeline was agreed:
1. Investigate asynchronous scenarios at system level until RAN4#64 and agree link level simulation assumptions during RAN4#64 based on the outcome of the system simulations.

2. Based on the outcome of the initial link level evaluations, RAN4 should reach a decision on the gains of LMMSE-IRC receiver in asynchronous scenarios during RAN4#64bis. If RAN4 decides to develop requirements for asynchronous network scenarios, a further refinement of link level assumptions may be performed.

3. Based on results provided in RAN4#65 by interested companies, RAN4 specifies requirements appropriate for asynchronous network operation.
In this contribution, we address Step 1. above and provide system level simulation results focusing on the structure of the interference (relative time synchronicity of the interferers and associated DIP profiles) in asynchronous scenarios.
2 
System level results under asynchronous network timing assumption
According to TR 36.829 [2], the DIPs can be further categorized as synchronous/asynchronous. Typically, asynchronous interference is originated from a different site than the serving eNodeB site. In this study, we make the following assumptions on the time-synchronization of the cellular network:
· The cells of any given macro site are time-synchronous between them;

· Macro sites are not time-synchronous between them.

Under the above assumptions, we investigate the structure of the interference as well as the corresponding conditional DIPs through system level simulations assuming 3GPP Case 1. Simulations assumptions are provided in Annex.
2.1 
Structure of the interference

We start by searching for the probabilities that the two strongest dominant interferers are synchronized, or not, with the serving eNodeB. Next, we investigate whether the two strongest asynchronous dominant interferers belong to the same site (i.e are synchronous between them) or belong to different sites (i.e are asynchronous between them). Then, the corresponding probabilities are calculated. In total five different probabilities about the time-synchronization of the interferers with respect to the serving eNodeB and other interferers are computed. These probabilities are depicted in Figure 1 for UEs with geometry values of G=-2.5dB, 0dB and 15dB with ±0.2dB tolerance. 
The first observations from Figure 1 are that the most dominant interferer (DIP1) is asynchronous with 68% probability for UEs with G=-2.5dB and 67% probability for UEs with G=0dB. These numbers are in line with the results found in earlier references [3]
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[4]. For comparison, we see that the situation closer to the cell center (G=15dB) is substantially different as close to 80% of the time the first two dominant interferer come from the same site and are thus synchronous.

Moreover, by observing closely the 1st (DIP1) and 2nd (DIP2) strongest interferers, the probability of both being asynchronous with respect to the serving eNodeB is 54% and 53% for G=-2.5dB and G=0dB, respectively. However, this should not be confused with the probability of both dominant interferers to be asynchronous between them.
We further analyzed the situation when the 1st and 2nd strongest interferers are asynchronous with respect to the serving eNodeB. In the latter case, it may happen that the interferers do not belong to the same site and hence would be asynchronous between them in addition to being asynchronous wrt. serving eNodeB. This indeed happens with 38% probability for G=-2.5dB and 40% probability for G=0dB as shown in Figure 1. Thus, in almost 40% of the cases the 3 observed cells are not time-synchronized.
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Figure 1: Probability of synchronicity of two strongest dominant interferers with the serving-eNodeB
2.2
Conditional median DIP values

We now investigate the conditional median asynchronous DIP1 and DIP2 for the cases when the two interferers (asynchronous wrt. serving eNodeB) belong to the same site (are synchronous between them) or belong to different sites (are asynchronous between them). Then, the median asynchronous DIP is conditioned to the synchronization between interferers and to the geometry factor.
For G=-2.5dB geometry, it is observed that there exists a small difference in the values of DIP1 and DIP2 for the cases shown in Table 1. For interferers that are asynchronous between them, a reduction of DIP1 of -0.57dB and an increase of DIP2 of +0.69 dB are observed. On the other hand, for interferers that are synchronous between them, an increase of DIP1 of +0.11 dB and a decrease of DIP2 of -0.11 dB are observed. Similar trends are seen in Table 2 for geometry conditioned to G=0dB.
Table 1: Asynchronous DIP conditioned to G=-2.5dB

	Considered subset of UEs at G=-2.5dB
	DIP1
	DIP2

	All interferers (synchronous + asynchronous)
	-1.85 dB
	-8.77 dB

	1st and 2nd interferers are synchronous between them
	-1.72 dB
	-8.88 dB

	1st and 2nd interferers are asynchronous between them
	-2.42 dB
	-8.08 dB


Table 2: Asynchronous DIP conditioned to G=0dB 
	Considered subset of UEs at G=0dB
	DIP1
	DIP2

	All interferers (synchronous + asynchronous)
	-2.42 dB
	-7.82 dB

	1st and 2nd interferers are synchronous between them
	-2.16 dB
	-8.04 dB

	1st and 2nd interferers are asynchronous between them
	-3.06 dB
	-7.38 dB


3
Discussion and conclusion 
In this contribution, we provided system level simulation results for studies on the need for requirements covering asynchronous deployments according to the agreed timeline in [1]. 
While results in Figure 1 indicate multiple situations in terms of relative time synchronicity of the interferers at cell edge (G=-2.5dB and G=0dB), it is observed that in about 40% of the cases the 3 cells (serving cell and two interferers) are not time-synchronized between them. In such situation, we observed a reduction of DIP1 of -0.57dB and an increase of DIP2 of +0.69 dB. Similarly to [3], we would suggest to apply these offsets to agreed DIP values for the network synchronous case (DIP1=-1.73dB, DIP2=-8.66dB) since these result from a company wise averaging process, in order to further study the asynchronous case at link level.
According to the agreed timeline, the next step consists to agree on link level simulation assumptions based on the outcome of the system simulations submitted to RAN4#64. We propose to reuse as much as possible existing assumptions [5]
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[6] for network synchronous scenarios and mainly update DIP values as well as relative time offset of each interferer wrt. serving eNodeB.

Finally, it is seen at this stage that UE performance requirements for synchronous network deployments are definitely needed given the evolution of LTE FDD systems towards time synchronized systems as well as smaller cells (e.g. Rel-10 eICIC, Rel-11 feICIC and Rel-11 CoMP). For TDD, network synchronization is always there. Table 1 below summarizes LTE features requiring/not requiring network synchronization. Having only requirements for the asynchronous case for FDD could jeopardize the gains in synchronous networks. It remains to be seen through link level evaluations whether there are IRC gains and if there is indeed added value in defining asynchronous advanced receiver requirements in addition to the synchronous ones.
Table 3: LTE features and network synchronization

	LTE Release
	Rel-8/9
	Rel-10 
	Rel-11

	Features requiring synchronous network operation
	TDD operation (always)
	TDD operation (always)

FDD operation with eICIC
	TDD operation (always)

FDD operation with feICIC/CoMP

	Features not requiring synchronous network operation
	FDD
	FDD operation without eICIC
	FDD operation without feICIC/CoMP
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Annex – Simulation Assumptions
Table A1: Simulation assumptions for interference modelling.
	Parameter
	3GPP Case 1
	3GPP Case 3

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Time synchronization between cells
	Cell located in the same site are time-synchronized.

Macro sites are not time-synchronized between them.

	Inter-site
	500 m
	1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	Full buffer traffic
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