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1 
Introduction
The work in the Enhanced performance requirements for LTE UE SI [1] started during RAN4#60bis. Some of the simulation assumptions could be agreed already then in [2], but further input from system level simulations on the interference profiles and interference rank has been requested [2]. 
In this contribution, we provide input on the interference profiles and rank distribution to be used in link level simulations in a similar way the input had been given related to the HSPA enhancements in [3]. Our other input to link level assumptions in this SI can be found in the companion contribution [4].

2 
Interference profiles for LL Simulations
As had been agreed in [2], the interference profiles in terms of dominant interference proportion (DIP) are to be extracted from system level simulations in order to adequately model the directional interference on link level similar as [3]. 

The Geometry G is defined as
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where Îorj is the average received power from the j-th strongest cell (Îor1 implies serving cell), N is the thermal noise power over the received bandwidth, and NeNB is the total number of eNBs/cells considered including the serving cell. 

The Dominant Interferer Proportion (DIP) defines the ratio of the power of a given interfering eNB over the total other cell interference power. It can be written according to [2,3] as, 
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. Note that power from the serving cell, Îor1, is never included in any DIP calculation. 
In contrast to [2], we prefer to define the DIP value generically – namely in the same way for asynchronous & synchronous operation as
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. Considering asynchronous network operation, the total noise plus interference power assuming the synchronous interfering cells to be part of the set 
[image: image5.wmf]s

W

, 
[image: image6.wmf]s

W

Ë

1

, and the asynchronous interfereing cells to be part of the set 
[image: image7.wmf]a

W

, 
[image: image8.wmf]a

W

Ë

1

, with 
[image: image9.wmf]Æ

=

W

Ç

W

a

s

 can then be written as 


[image: image10.wmf]å

W

È

W

Î

+

=

a

s

j

orj

oc

N

I

I

ˆ

.
This way, we can define the DIP values independent of the network synchronization and then simply include the assumption about synchronization in the link level simulations as such. 

2.1 DIP values from System Simulations
We performed system level simulations for the two agreed network layouts, namely 3GPP Case 1 (ISD=500m) and 3GPP Case 3 (ISD=1732m) in order to extract the DIP values from system simulations. 

Similar than in [3], we present the collected statistics about the overall unconditional distribution of the DIP values for the 8 strongest interfering eNBs in Fig. 1 (a) and (b) for 3GPP Case 1 and Case 3 respectively – and their share of power in Fig. 2 (a) and (b).
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(a)                                               (b)
Figure 1: Unconditional CDF of DIP values for the 8 strongest interfering cells 
for 3GPP Case 1 (a) and 3GPP Case 3 (b)
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(a)                                               (b)
Figure 2: Median percentage contribution of the 8 strongest interfering cells to the overall noise+interference 
for 3GPP Case 1 (a) and 3GPP Case 3 (b)  

Comparing these results to the HSPA results in [3], we recognize that there is a small difference in the DIP values due to the fact that antenna down-tilt is included in the assumptions in this SI, which was not the case in in [3].
As had been recognized in [3] and also had been mentioned in [2], the interference profile is dependent on the placement of the UE with respect to its G-factor. As a consequence, we extracted the interference profiles also conditional on the G-factor in Figure 3. 
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(a)                                               (b)
Figure 3: Median DIP values conditional on the G-factor for the 8 strongest interfering cells 
for 3GPP Case 1 (a) and 3GPP Case 2 (b)

Assuming, that the DIP values will be similarly agreed as in case of [3], we provide our related input in the Table 1. Note, the value for AWGN/Ioc in Table 1 assumes 5 discretely modelled interfering eNBs as in [3]. For a smaller number of modelled eNBs, the value for AWGN/Ioc will be consequently bigger and can be simply calculated by subtracting the share of the discretely modelled interferers from unity. 
Table 1: Summary input on DIP values [dB] for link level simulations

	
	Case 1
Unconditional
	Case 1
G=-3dB
	Case1
G=0dB
	Case 3
Unconditional
	Case 3
G=-3dB
	Case 3
G=0dB

	DIP1
	-3.2
	-3.3
	-2.5
	-4.8
	-5.0
	-4.0

	DIP2
	-7.3
	-5.8
	-8.3
	-9.0
	-8.4
	-9.0

	DIP3
	-11.7
	-13.1
	-12.9
	-12.2
	-11.6
	-12.1

	DIP4
	-14.3
	-14.7
	-14.8
	-14.6
	-14.6
	-14.7

	DIP5
	-16
	-15.9
	-16.6
	-16.2
	-16.4
	-16

	AWGN/Ioc
	-19.6
	-17.7
	-19.2
	-7.7
	-6.3
	-9.1


Considering, the DIP values shown in Figures 1 to 3 which are summarized in Table 1, we make the following recommendation:

Proposal 1: 3 or 4 interfering eNBs would need to be modelled in the corresponding link level simulations to achieve a good trade-off between simulation complexity and realistic modelling.
2.2 Asynchronous network modelling

In the previous section, we investigated the DIP values from network point of view without considering which eNBs are synchronized to the serving cell and which ones are not. 

A common assumption is that at least the sectors /cells transmitted from the same site (3 sectors/site) would be synchronized whereas for asynchronous networks the interfering cells from other cell towers could be potentially non-time synchronized.

First, we had a look by means of system simulations on the share of total interference coming from the neighbouring cells of the same site. In Table 2, we present the share of the total interference of the neighbour cells, which is basically given by DIPint-cell1,same-site+ DIPint-cell2,same-site.
Table 2: Share of same site intercell-interference compared on the overall intercell interference

	
	Case 1
Unconditional
	Case 1
G=-3dB
	Case1
G=0dB
	Case 3
Unconditional
	Case 3
G=-3dB
	Case 3
G=0dB

	Share of same site interference
	50.3%
	39.3%
	35.3%
	28.7%
	19.1%
	17.7%


The results indicate that also for an asynchronous network the share of synchronous interference compared to the possible asynchronous interference is rather large. This very much supports to focus in this SI on the synchronous interference assumption. Considering the relatively large share of synchronous interference overall and the additional effort needed to define the asynchronous network assumptions as well as the additional simulation effort, we suggest to fully concentrating in the Enhanced performance requirement for the LTE UE on the synchronous network case.
Proposal 2: Fully concentrate on synchronous network investigations in this SI, as even in asynchronous networks the synchronous interference component from other sectors within the same site is significant.
In case RAN4 would decide, that the modelling of asynchronous network operation is still required in this SI, there would be a need to define the probability that the interfering cells from the same site are one of the dominant interferers. These extracted statistics from our system level simulations are presented in Figure 5. Note, that the sum of the probability over the interferer index ordered in strength adds up to 2, as two synchronous neighbouring cells/sectors are present at the same site.
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Figure 4: Probability of same site cells being the dominant interferers for Case 1 (a) and Case 3 (b).
As can be seen from these statistics, the probability of the strongest interferers being from the cells of the same site is very much dependent on the G-factor. For low G-factors, the probability is lower compared to the case of higher G-factors as indicated in Figure 4. Therefore, this has to be taken into account in the asynchronous link level modelling.

According to [3], where specifically the G-factors of -3dB and 0dB have been considered we propose the following probability of neighbour cells from the same site to be considered in Table 3:

Table 3: Probability of neighbour cell of the same site to be k-th strongest interfering cell 

	
	Case 1
Unconditional
	Case 1
G=-3dB
	Case1
G=0dB
	Case 3
Unconditional
	Case 3
G=-3dB
	Case 3
G=0dB

	Strongest (P1)
	50.1%
	37.6%
	33.4%
	27.8%
	18.9%
	17.1%

	2nd strongest (P2)
	59.4%
	39.5%
	35.3%
	29.1%
	16.1%
	15.6%

	3rd strongest (P3)
	33.4%
	25.5%
	34%
	22.6%
	11.6%
	12.3%

	4th strongest (P4)
	19.3%
	22.9%
	27%
	21.6%
	12.1%
	14.7%

	5th strongest (P5)
	13%
	21.11%
	18.3%
	21.4%
	13.5%
	20%


These probabilities would then need to be included in the link level simulations when defining the set of synchronous cells 
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 containing the cells of the same site and the possible asynchronuos set 
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that should not contain the cells of the same site. The probabilities would define which DIPs are part the synchronous set 
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- the remaining interfering cells modeled could then be either synchronuous or asynchronuos depending on the assumptions of asynchronicity in the network, e.g. by means of defining a probability for cells from other sites to be (a)synchronous. 
3 
Rank Distribution for Interference Modelling
It has been agreed already in [2], that the interference modeled by the k-strongest interfering eNBs should be modeled in a frequency selective way such that the transmission ranks and precoders are randomly varying from subframe to subframe. 

We performed system level simulations according to the system level assumptions for 2x2 and 4x2 SU-MIMO using Proportional Fair (PF) scheduler and extracted the corresponding probability for rank 1 transmission to the UEs in the network. As the eNB antenna setups are not fully agreed, the results are given for eNB antenna setups that are regarded as most relevant.
The results depending on the used eNB antenna setup are presented in Table 4.

Table 4: Rank 1 Transmission rank probabilities for different eNB antenna setups & network layouts
	
	2x2 XPol
Case 1
	2x2 XPol
Case 3
	2x2 ULA
Case 1
	2x2 ULA
Case 3
	4x2 ULA
Case 1
	4x2 ULA
Case 3
	4x2 XPol 0.5(
Case 1
	4x2 XPol 0.5(
Case 3

	Rank 1
probability
	75.4 %
	 83.3 %
	98.3%
	99.3%
	88.3 %
	 93.2 %
	65.5 %
	 74.4 %


We propose these statistics to be used for the corresponding interference rank modeling in the link level simulations in this SI.

4 
Conclusion
In this contribution we provide input on the link level simulation assumptions by collecting interference and transmission rank statistics from system level investigations. 
We propose the extracted statistics presented in Sec. 2 and Sec. 3 to be considered in the harmonization of the DIP values and interference TX rank for this SI (given in Table 1 & 4).
Moreover, based on the results in this contribution we give the following recommendations:

Proposal 1: 3 or 4 interfering eNBs would need to be modelled in the corresponding link level simulations to achieve a good trade-off between simulation complexity and realistic modelling.
Proposal 2: Fully concentrate on synchronous network investigations in this SI, as even in asynchronous networks the synchronous interference component from other sectors within the same site is significant.
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