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1
Introduction

The standard UE spurious emissions limit for co-existence between LTE bands is defined in TS 36.101 as                      -50dBm/MHz. This value is based on a deterministic approach where the aggressor and victim are located at 1m from each other. 

For a small UL-DL separation between operating bands, the default -50dBm/MHz spurious emissions protection implies a large penalty in the aggressor system. Therefore, this emission limit has been “relaxed” for certain bands looking for a compromise between victim degradation and penalty in the aggressor. As an example, Band 23 UL spurious emissions towards Band 25 DL has been specified as -40dBm/MHz allowing A-MPR. Band 27 UL, which is located at 4MHz from Band 28 DL, requires -32dBm/MHz as spurious emissions protection of Band 28 UL, including A-MPR. Another example is Band 28 UL emissions towards its own DL. The emissions requirement in this case is -32dBm/MHz without allowing any A-MPR.

More new bands are introduced for carrying the increased traffic volumes, but this also means that the DL of the new operating bands may get close to the UL of a legacy operating band. Since more stringent spurious emissions requirements cannot be imposed on legacy UE’s, the only solution would be to pose restriction on the number of transmitted PRBs for the aggressor band.
RAN4 has also discussed UE-UE co-existence between legacy operating bands. UE co-existence between Band 7 and Band 38 was a topic under discussion for long time. Simulation results in [1] indicated that -30dBm/MHz creates a throughput degradation of the victim system at the cell edge lower than 5%. Co-existence between Band 1 and Band 34 is currently under study. In [2], it is proposed to define Band 1 UE emissions towards Band 34 as -30dBm/MHz since this will imply a throughput degradation of less than 5% for cell edge users. Both [1] and [2] present Monte-Carlo simulations on which the aggressor and victim are randomly dropped within a hotspot. Hence the likelihood that the aggressor and victim UE(s) are in close proximity (order of meters) is still quite small even for hot-spots.

The minimum acceptable UE emission requirement for co-existence from a victim point of view has been and is still under discussion in RAN4. Rather than a band specific issue, this is a general discussion applicable to co-existence between any two operating bands.

In this contribution, we present another set of Monte-Carlo simulations to study UE-UE co-existence. In contrast with [1] and [2], the presented results are average and cell edge throughput degradations assuming a fixed separation between victim and aggressor as 1, 2 and 3m. The purpose is to analyze how different emissions from certain UE aggressor affect the performance of a victim UE when being in close proximity. Hence it is assumed a priori that the separation is small.
The results presented in this contribution are for a specific scenario while different assumptions may imply different conclusions.
2
Discussion

2.1
Simulation assumptions
Table 2.1-1 summarizes the parameters used in the simulations. The selected carrier frequency is 2.6 GHz as an example. However, similar results would be obtained for any co-existence between bands at a different frequency. The simulations consider an urban environment and two different inter-site distance of 500 and 1732 m.  A wrap around cell layout with 19 sites and 3 sectors per site was selected. Both victim and aggressor UE’s are randomly placed, while the separation between them is fixed as 1, 2 or 3m. UL power control is also considered in the simulations, according to Pset 1 described in TR 36.942.
Table 2.1-1. LTE parameters
	
	Base Station
	UE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	10 MHz

	ISD
	500m and 1732m 

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
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 = 65 degrees, Am = 20 dB
	Gain= 0 dBi 

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	30 m
	1.5 m


2.2

Simulation results

Tables 2.2-1 and 2.2-2 show the throughput degradation (average and cell edge) in a victim UE when an aggressor is located at 1, 2 or 3m being compliant to different OOBE at the victim’s frequencies. Blocking effect is not included in the simulations. 
Table 2.2-1. Throughput degradation for ISD=500m

	UE OOBE


	-50dBm/MHz
	-40dBm/MHz
	-35dBm/MHz

	Separation between victim and agressor
	1m
	2m
	3m
	1m
	2m
	3m
	1m
	2m
	3m

	Average throughput degradation (%)
	0.04
	0.009
	0.004
	0.32
	0.08
	0.04
	0.91
	0.26
	0.12

	Cell edge throughput degradation (%)
	0.21
	0.03
	0.003
	1.28
	0.42
	0.23
	2.16
	1.28
	0.49


Table 2.2-2. Throughput degradation for ISD=1732m

	UE OOBE


	-50dBm/MHz
	-40dBm/MHz
	-35dBm/MHz

	Separation between victim and agressor
	1m
	2m
	3m
	1m
	2m
	3m
	1m
	2m
	3m

	Average throughput degradation (%)
	1.78
	0.53
	0.26
	9.32
	3.63
	1.98
	17.62
	8.07
	4.79

	Cell edge throughput degradation (%)
	5.56
	2.04
	1.13
	29.86
	9.16
	5.67
	59.14
	24.52
	12.44


An emission limit of -50dBm/MHz ensures low throughput degradation (in the bulk of 5% or lower) even when UE’s are at 1m distance. The victim throughput degradation increases with increasing emission levels from the aggressor as well as when the physical separation between the UE’s is decreased. In the simulations, it is been assumed that the aggressor UE is always transmitting. At the same time, the aggressor UE(s) generate a fixed  OOBE independently of transmitted power. In real scenarios, the OOBE are lower when the UE is not transmitting at maximum output power,
The cell size is a critical factor in terms of throughput degradation of the victim UE. As an example, -35dBm/MHz creates 2.16% cell edge throughput degradation on the victim system at 1m separation for an ISD of 500m, while this becomes 59.14% for 1732m inter-site distance.
3 Conclusion
Simulations results for co-existence between LTE UEs are presented in this contribution for two different ISD (500m and 1732m). In contrast with previous simulations in [1] and [2], the victim and aggressor UEs are placed at a fixed separation of 1, 2 or 3m.
The results indicate that the cell size has a large impact on the victim degradation. In addition, the physical separation between victim and aggressor is another important factor. Spurious (or unwanted) emissions for coexistence are devised considering users with difficult radio conditions and are specified to ensure robust network performance for all users in the except of a small percentile of users. 
When specifying the UE spurious emissions for co-existence, the -50dBm/MHz level would be the preferred level. A -30 dBm/MHz limit is not sufficient. However, for those situations on which the -50dBm/MHz would imply a large penalty for the aggressor, a compromise between degradation on the victim and penalty on the aggressor needs to be considered.
 Depending on the simulation methodology, we observe significantly different results and thus to conclude on the acceptable relaxation of the “standard” -50dBm/MHz, we  need to carefully study the specific scenario as well as common agreeable simulation methodology. 
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