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1 Introduction

IEEE 802.11 based Wireless LAN is one of the most popular wireless services which had been widely deployed. Taking into account the similarity of application scenario, it is likely that LTE and WLAN will coexist in the same geographical area. Therefore, it’s necessary to study the interference to ensure the system performance of LTE. This paper gives the general analysis and interference mitigation schemes for LTE coexistence with WLAN.

2 Interference analysis
Taking into account the working mechanism of WLAN, following interference cases are considered in this paper.

· LTE BS <-> WLAN AP
· LTE BS <-> WLAN SS

· LTE UE <-> WLAN AP

· LTE UE <-> WLAN SS
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Figure 2‑1 LTE and WLAN coexistence scenario
2.1 Interference limits

The transmit out-of-band emissions at the receiver frequencies will cause receiver desensitization. The nonideal filter response of receiver will cause in-band intermodulation product that lead to receiver desensitization. A general guideline of the transmit leakage power at the receiver frequencies of 7dB/0dB below the receiver thermal noise power for BS/UE is used. The same guideline is used for limiting the receiver blocking caused in-band intermodulation product levels.
Spurious emission requirements for protection of LTE BS and UE
Assuming 5dB receiver noise figure for BS, the maximum allowed interference power is -116dBm/MHz for protection of the LTE BS. Assuming 9dB receiver noise figure for UE, the maximum allowed interference power is -105dBm/MHz for protection of the UE. 

Blocking requirements for protection of LTE BS and UE
According to TS36.104 and TS36.101 [1-2], the out-of-band blocking requirement is -15dBm for BS and -44dBm for UE.

Spurious emission requirements for protection of WLAN AP and SS
Assuming 5dB receiver noise figure for AP, the maximum allowed interference power is -116dBm/MHz for protection of the WLAN AP. Assuming 9dB receiver noise figure for SS, the maximum allowed interference power is -105dBm/MHz for protection of the WLAN SS. 

Blocking requirements for protection of WLAN AP and SS
As there is no specified blocking requirement for WLAN, the requirements used here are based on the test data illustrated in Table 2-1.
Table 2‑1 Blocking requirements for WLAN (test data)

	Power class
	Pout = 27dBm
	Pout = 20dBm

	Frequency offset
	30MHz
	80MHz
	30MHz
	80MHz

	Interference level
	-40dBm 
	-25dBm
	-35dBm 
	-25dBm


2.2 LTE BS and WLAN AP coexistence
Based on the assumptions listed in section 2.1, we can get the minimum coupling loss (MCL) requirement for LTE BS and WLAN AP coexistence, seen in Table 2-2.

· As the specified spurious emission for WLAN is -30dBm/MHz, the required MCL is -30dBm – (-116dBm) = 86dB for protection of LTE BS. 

· Assuming 27dBm maximum output power for WLAN AP, the required MCL is 27dBm – (-15dBm) = 42dB for protection of WLAN AP. The -15dBm interference power is defined for CW signal. However, since the WLAN signal is modulated signal with high peak-to-average power ratio, it’s proposed to set 10dB margin for protection of LTE BS.

· As the specified spurious emission for LTE BS is -30dBm/MHz [1], the required MCL is 86dB for protection of WLAN AP. 

· Assuming 46dBm maximum output power for LTE BS, the required MCL is 46dBm – (-40dBm) = 86dB for protection of WLAN AP.

Table 2‑2 The MCL requirements

	Interference case
	Spurious emission
	Blocking

	LTE BS to WLAN AP
	86dB
	86dB

	WLAN AP to LTE BS
	86dB
	52dB


2.3 LTE BS and WLAN SS coexistence
The output power of WLAN SS is assumed to 17dBm. The blocking test data is the same with 20dBm WLAN AP (-25dBm@80MHz, -35dBm@30MHz). The MCL requirements for LTE BS and WLAN SS coexistence are listed in Table 2-3. 
Table 2‑3 The MCL requirements

	Interference case
	Spurious emission 
	Blocking

	LTE BS to WLAN SS
	75dB
	83dB

	WLAN SS to LTE BS
	76dB
	42dB


2.4 LTE UE and WLAN AP coexistence
As the spurious emission is -30dBm/MHz for LTE UE [2], the required MCL is 86dB for protection of WLAN AP. The MCL requirements for LTE BS and WLAN AP coexistence are listed in Table 2-4.

Table 2‑4 The MCL requirements

	Interference case
	Spurious emission 
	Blocking 

	LTE UE to WLAN AP
	86dB
	63dB

	WLAN AP to LTE UE
	75dB
	81dB


2.5 LTE UE and WLAN SS
Table 3-4 gives the MCL requirements for LTE UE and WLAN SS coexistence.

Table 2‑5 The MCL requirements

	Interference case
	Spurious emission 
	Blocking 

	LTE UE to WLAN SS
	75dB
	63dB

	WLAN SS to LTE UE
	65dB
	71dB


3 Interference mitigation schemes
3.1 LTE BS and WLAN AP coexistence

3.1.1 LTE indoor BS and WLAN indoor AP coexistence
Following LTE BS and WLAN AP indoor deployment scenarios are considered.

· LTE and WLAN using independent indoor distributed antenna systems (DAS);

· LTE and WLAN sharing DAS;

· LTE using DAS and WLAN AP is randomly deployed.

Figure 3-1 gives the deployment scenario of LTE and WLAN using independent indoor DASs. Assuming 2dBi antenna again for LTE BS and WLAN AP, 33dB insertion loss (including the antenna gain) for LTE and 17dB insertion loss for WLAN, the antenna isolation requirement between WLAN AP and LTE BS is 36dB. Therefore, it requires 0.6m separation distance to achieve the coexistence requirements using free space propagation loss model.
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Figure 3‑1 LTE and WLAN using independent DASs

Figure 3-2 gives the deployment scenario of LTE and WLAN sharing DAS. The insertion loss between the diplexer and LTE BS is 16dB. Therefore, it requires 70dB isolation for the diplexer to achieve the coexistence requirement. If there are some guard bands (e.g. 20MHz) between LTE indoor system and WLAN, it’s easy for the diplexer to achieve 70dB isolation.
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Figure 3‑2 LTE and WLAN sharing DAS

Figure 3-3 gives the deployment scenario of LTE using DAS. The insertion loss for LTE is 33dB. Assuming 2dBi antenna gain, it requires 55dB isolation between LTE and WLAN antenna port. The separation distance is 5.6m using free space propagation loss model. If enough guard bands had been allocated between LTE indoor system and WLAN, e.g. 80MHz, the isolation can be soft to 40dB (15dB improvement for blocking requirement according to test results). Then, the separation distance is 1m. 
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Figure 3‑3 LTE using DAS
3.1.2 LTE outdoor BS and WLAN indoor AP coexistence
The WLAN AP is placed in the indoor unit and the LTE BS is located outdoor. Assuming 2dBi antenna gain for WLAN AP and 18dBi antenna gain for LTE BS together with 20dB penetration loss and 17dBi insertion loss for WLAN AP, the isolation between LTE BS and WLAN AP antenna port is 69dB. Using the following engineering experience equation, 1.3m vertical isolation distance or 28m horizontal isolation distance is required to achieve the coexistence requirements.
Ih(dB)=22+20log(dh/λ)-Gtx-Grx
Iv(dB)=28+40log(dv/λ)
3.1.3 LTE outdoor BS and WLAN outdoor AP coexistence
Both WLAN AP and LTE BS are placed outdoor in this scenario. Assuming 12dBi and 18dBi antenna gain for WLAN AP and LTE BS respectively, the required isolation is 80dB (parallel deployment and same radiation direction can bring 36dB isolation). Using the equation listed in section 3.1.2, 2.5m vertical isolation distance or 99m horizontal isolation distance is required to achieve the coexistence requirements.
3.2 LTE BS and WLAN SS coexistence

Figure 3-4 gives the indoor LTE BS and WLAN SS coexistence scenario. Assuming 2dBi antenna gain for LTE indoor BS and 0dBi antenna gain for WLAN SS together with 33dB and 17dB insertion loss for LTE BS and WLAN AP, it requires 3.1m separation distance between LTE BS and WLAN SS antenna port.
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Figure 3‑4 Indoor LTE BS and WLAN SS coexistence scenario
There are some mitigation schemes for LTE BS and WLAN SS coexistence.

· Setting amount of frequency offset between LTE indoor system and WLAN.

· Tightening the RF requirements is an alternative way. 
· Adding sub-band RF filter for indoor LTE BS.
3.3 LTE UE and WLAN AP coexistence
Figure 3-5 gives the LTE UE and WLAN AP coexistence scenario. Assuming 2dBi antenna gain for WLAN AP and 0dBi antenna gain for LTE UE together with 33dB insertion loss for LTE and 17dB/0dB insertion loss for WLAN (17dB is the insertion loss for WLAN DAS including the antenna gain), the required separation distance is 28m or 198m. Since the terminal may locate and shift in any place of the house, it’s impossible to satisfy the coexistence requirements at any time. Some interference mitigation schemes are required. The uplink power control scheme applied in LTE can mitigate the interference in some cases, e.g. the WLAN and LTE have coordinate DAS implementation. However, if the WLAN AP is randomly placed in the house, the effect will be reduced. Therefore, it requires tightening the out-of-band emission requirement for LTE UE.
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Figure 3‑5 LTE UE and WLAN AP coexistence scenario
3.4 LTE UE and WLAN SS
It will require 56m isolation distance between LTE UE and WLAN SS. However, due to the mobile nature of UE, it is impractical to achieve such exclusion zone in many cases. The reasonable way is adding appropriate RF requirements for coexistence. Since the WLAN appliances had been widely deployed in the world, the only way is adding RF requirements for LTE UE to ensure the system performance. The detail proposal is presented in reference [3].
3.5 Summary

Table 3-1 gives the brief summary of interference between LTE and WLAN. 

Table 3‑1 Summary of interference analysis
	Interference case
	 Main Interference
	Mitigation schemes

	LTE BS and WLAN AP
	Spurious emission and blocking 
	· Indoor-to-Indoor: WLAN AP and LTE BS can coexist by using appropriate design of diplexer or DAS.

· Outdoor-to-Indoor: it is easy to achieve the coexistence requirements by site engineering.

· Outdoor-to-Outdoor: appropriate site engineering is recommended to solve the outdoor coexistence problem.

	LTE BS and WLAN SS
	Spurious emission
	· Set appropriate separation distance.

· Tighten the spurious emission requirement of LTE BS

	LTE UE and WLAN AP
	Spurious emission
	· Power control;
· Guard band;
· Tighten LTE UE RF requirements

	LTE UE and WLAN SS
	Spurious emission
	· Guard band;

· Tighten LTE UE RF requirements


4 Conclusions
This paper presents the analysis for LTE and WLAN coexistence in typical deployment scenarios. Based on the studies, we can get the following conclusions:

· Most of interference cases, e.g. LTE BS <-> WLAN AP/SS, can be solved by using appropriate site engineering. 
· It’s hard to achieve the coexistence requirements for the most problematic case, LTE UE and WLAN SS coexistence. Therefore, it’s proposed to specify appropriate RF requirements for LTE UE.
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