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1
Introduction

UE-UE co-existence and the spurious emission limit for protection of DL operating bands are being discussed in RAN4. As the frequency separation between UL and DL operating bands is becoming smaller with the allocation of new bands, fulfilling the standard 3GPP limit of -50dBm/MHz becomes more challenging from an UL perspective.  

The standard -50dBm/MHz spurious emissions limit for co-existence has been relaxed for protection of many bands in order to reduce the impact on the aggressor system in terms of high power back-off, large UL RB restrictions or tough filter attenuation requirements.. However, the performance degradation on the victim UE also needs to be taken into account to be able to define reliable spurious emission limit requirements.  

Several contributions regarding UE-UE co-existence have been presented in previous RAN4 meetings evaluating the impact on the victim system for different interference emission levels from an aggressor, however, leading to different conclusions [1]-[4].
The purpose of the UE spurious emissions limits for band coexistence is to ensure robust operation in worst case scenarios in which the aggressor and victim UEs operate in close geographical proximity at bad radio conditions. The latter may be cases in which the coupling losses to the aggressor BS and the victim BS are high. 

In this contribution, we investigate the LTE UE-to-UE coexistence further and simulate a collocated scenario where the victim UEs are dropped randomly within the simulation area. Contrary to the studies presented in [1] and [2], the interfering UEs are placed at a fixed distance of 1m from the victim UEs. Thus the results are conditioned on the fact that the aggressor and victim UEs operate in close proximity, but under different radio conditions. Simulations assume a specific frequency; however, the conclusions are generally valid for other frequencies as well. The simulation set up involves one system operating in uplink and another system operating in downlink, thus results are valid for co-existence between FDD systems, FDD and TDD systems and unsynchronized TDD systems.
2
Discussion

2.1
UE co-existence studies in RAN4
Several simulations have been presented regarding UE co-existence and degradation on the victim system for different interference emission levels received from an aggressor. In [1] for example, it was proposed to define Band 1 UE emissions towards Band 34 as -30dBm/MHz since this implies a throughput degradation of less than 5% for cell edge users. The spurious emissions for UE co-existence was suggested to be further relaxed in the context of Band 3 and Band 39 co-existence. Specifically, [2] proposed to specify -15.5dBm/5MHz for protection of Band 3 as the average throughput degradation at the victim system was below 5%. If we extrapolate conclusions in [1], this would mean that the ITU-R recommendation of general spurious emissions for co-existence is enough to ensure co-existence between UEs. Moreover, conclusion in [2] suggests that the -30dBm/MHz general spurious emissions above 1GHz is unnecessarily tight, and that the ACLR requirements are sufficient for band coexistence (-15.5dBm/5MHz is implied by the ACLR requirement within a few dB). These conclusions were based on Monte-Carlo simulations, in which the UEs are randomly dropped within a hotspot which leads to a low probability of an interfering UE being close to the victim UE.
Test measurement in [3] showed performance degradation due to UE-UE co-existence. The tested scenario was UL transmissions adjacent to DL reception in frequency and with different coupling losses to the aggressor and victim systems. The specific scenario is included in the 3GPP specifications and the UE protection limit for the victim system is specified as -15.5dBm/5MHz. It was observed that “the interference is serious in some scenarios without proper mitigation schemes” for such protection limit. From a qualitative standpoint, the results in [3] indicates that the performance of the victim UE

· degrades with increased coupling loss to the victim base station and the aggressor base station;
· degrades with decreased frequency separation (from 10 to 5 MHz separation using 20 MHz channels).

Similar findings were presented in [4] for the Band 3 and Band 39 coexistence scenario.

2.2
Simulation scenarios
Monte-Carlo simulations are presented in this contribution. Table 2.2-1 summarizes the list of parameters
Table 2.2-1. 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


Figure 2.2-1 shows the simulated scenario for collocated BS. UEs are randomly placed on the cell. However, the victim and aggressor are always located at 1m from each other  As an example, 2UEs are shown in the figure, UE A is receiving a DL signal (blue arrow) while UE B, located at 1m from UE A, is transmitting an UL signal (green arrow). At the same time, UE B is creating certain interference to UE A (black arrow). 
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Figure 2.2-1: Simulated scenario
Outdoors and indoors scenarios are also considered. In the outdoors scenario, both the interfering and victim UE are located outdoors (i.e. penetration loss =0 dB). For the indoors scenarios, both the aggressor and the victim UE are located indoors but attached to base stations located outdoors. To this end, different penetration losses have been considered since this parameter will differ depending on the building characteristics and the place where the UEs are located inside the building [5].
The path loss models are those listed in 36.942 for the applicable frequency increased with an additional (constant) indoor-to-outdoor loss for indoor scenarios. 

Figure 2.2-2 shows the average and 5th percentile throughput degradation for such scenarios. In table 2.2-2, the average and cell edge throughput degradation are summarized for-50dBm/MHz and -30dBm/MHz. We can observe that when a victim is located in close proximity to an aggressor which is emitting -30dBm/MHz as out-of-band emissions, the 5th percentile throughput degradation is larger than 50% for all simulated scenarios (i.e. outdoors and indoors). This decreases substantially for an emission level of -50dBm/MHz, reaching a level below 5% for an outdoors scenario. 
The results are consistent with the observations in [3]:

· the degradation can be significant for the indoor case in which the coupling losses to the aggressor and victim base stations are large (compare the red curves in Figure 2.2-2 to the “Far” scenarios in [3])

· the degradation can be smaller for the outdoor case in which the coupling losses to both the aggressor and victim base stations are smaller (the pink curves in Figure 2.2-2).

Note also that the -30 dBm/MHz implies a significant risk of interference for the average thorughput in the indoor case, whereas the degradation is a more modest 10% on average for the outdoor case.

Hence, we can see that from a victim perspective, a protection level of -50dBm/MHz would ensure increased robustness of operation under different deployment scenarios also under “bad radio conditions”. However, this limit may impose an undue penalty on the aggressor (or be unfeasible to meet) in some scenarios with small UL-DL separation.  Then, the protection limit has to be relaxed but at the expense of a greater risk of interference.

2.2-2a) Average throughput degradation





2.2-2a) 5th Percentile throughput degradation

Figure 2.2-2: Throughput degradation
Table 2.2-2. Throughput degradation summary for emission levels of -50dBm/MHz and -30dBm/MHz
	Emission level
	Simulated scenario
	Average Throughput degradation
	Cell edge Throughput degradation

	-50dBm/MHz
	Outdoors
	<5%
	<5%

	
	Indoors 10dB
	5%
	17%

	
	Indoors 15dB
	8%
	39%

	-30dBm/MHz
	Outdoors
	12%
	57%

	
	Indoors 10dB
	42%
	100%

	
	Indoors 15dB
	55%
	100%


3 Conclusion
This contribution presents simulation results to evaluate the impact of different out of band emission levels from a victim perspective. Simulations in [1] concluded that -30dBm/MHz is enough protection for UE co-existence, while [2] suggested that -15.5dBm/5MHz is also an acceptable level. In contrast our simulations show that a stricter emission level than -30dBm/MHz is required from a victim perspective to account for a “worst case scenario” on which UEs are operating in close proximity under bad radio conditions. . In the particular scenario studied (co-sited BS), the standard -50dBm/MHz is desirable to enable protection for the indoor UEs attached to outdoor BS. Indeed, the purpose of the limit is to ensure robust operation also under worst-case scenarios under bad radio conditions. 

For small UL-DL frequency separation, also it is recognized that a -50dBm/MHz protection of the victim system, may imply a significant penalty from the aggressor perspective. Then a compromise protection level should be considered that represents a balance between aggressor penalty and victim degradation. A level between -30dBm/MHz and -50dBm/MHz should be studied for the compromise level. The results for the scenario studied herein suggest that a level exceeding -30 dBm/MHz should only be specified in exceptional cases in which all else fails, but at an increased risk of interference.
References

[1]
R4-130189, “Band 1 UE spurious emissions on Band 34”, Intel Corporation
[2]
R4-136181, “Study on UE-UE coexistence between B3 and Band 39, and between Band 1 and Band 39”, Intel Corporation
[3]       R4-125214,” Band 7 and Band 38 UE-UE coexistence test”, CMCC
[4]        R4-135366, “On UE co-existence requirements between Band 39 and Band 3”, China Telecom
	[5]       Recommendation  ITU-R  P.1238-7, “Propagation data and prediction methods for the planning of indoor radiocommunication systems and radio local area networks in the frequency range 900 MHz to 100 GHz
[6]       R4-131630, “UE-UE co-existence”, Ericsson, ST-Ericsson


	


� EMBED Equation.3 ���





A





B








3GPP


_1370186218.unknown

_1370186217.unknown

