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1 Introduction

The coexistence interference between LTE and WLAN in different deployment scenarios had been studied in reference [1]. Based on the analysis, the most problematic interference case is the one between LTE UE and WLAN SS. This paper gives further proposals on addition of LTE UE RF requirements as well as solutions to achieve the requirements. 
2 Analysis of RF requirements
Since IEEE802.11 based WLAN and other unlicensed wireless communication appliances are widely deployed in many countries and areas, tightening RF requirements of these appliances is impossible. Therefore, the following analysis will focus on addition of appropriate RF requirements for LTE UE to ensure the system performance. 
WLAN blocking interference to LTE UE

Appropriate blocking requirements should be defined for LTE UE. Based on the assumptions illustrated in Table 2-1, we can get the blocking requirement of -17dBm. The interference signal is usually a CW signal for out-of-band test. However, taking into account the high peak-to-average ratio of WLAN, 10dB margin is proposed to be considered. Therefore, it is propose to specify the blocking requirement on the CW interference signal of -7dBm mean power for coexistence with WLAN.
Table 2‑1 Assumptions for defining LTE UE blocking requirements

	Parameters
	Value

	Maximum output power of WLAN SS
	17dBm

	Minimum separation distance
	0.5m

	Antenna gain for LTE UE and WLAN SS
	0dBi

	Insertion loss for LTE UE and WLAN SS
	0dBi

	MCL (free space propagation model)
	34dB


LTE UE spurious emission to WLAN SS

Since the spectrum of LTE is of high economic value, the basic principle of defining the spurious emission requirements is no RF hardware increase for LTE UE. The exact requirement is FFS.

3 Solutions for different coexistence scenarios

It’s a big challenge for Band 40 (2300 – 2400MHz) TD-LTE UE working just on the adjacent frequencies to achieve the additional requirements. The best way is finding out a generic solution for all kinds of coexistence scenarios. An alternative way is redefining Band 40 to a smaller scale, e.g. 2300-2380 MHz, seen in Figure 3-1. However, it will lead to about 20% spectrum efficiency loss. The easiest way is not always the best way. 
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Figure 3‑1 Redefine Band 40
The most problematic interference is in the indoor deployment scenario. The following sections present some preliminary solutions for typical indoor coexistence scenarios.

3.1 Different handsets
3.1.1 LTE indoor UE connected to indoor BS
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Figure 3‑2 Indoor-indoor & outdoor-outdoor coexistence scenario

Scenario descriptions: the UE in the indoor unit will connect to the indoor BS and the out door UE will connect to the outdoor BS, seen in Figure 3-2. 
A new network signaled value “NS_10” is proposed to be introduced in TS36.101 to indicate that the UE shall meet an additional requirement for coexistence with WLAN in this deployment scenario as part of the cell handover/broadcast message. The UE will work in the sub-band in case of receiving the network signal indication to achieve the additional blocking requirement otherwise the UE will work in the whole band. 

An illustrative structure of Band 40 UE (1 Tx & 2 Rx) to achieve the requirements via the network signal is presented in Figure 3-3. Two film bulk acoustic resonator (FBAR) filter or front-end bulk acoustic wave (BAW) filter and two switches are introduced in the receiver RF chain. The pass band of the additional RF filter is sub-band of Band 40, e.g. 2300-2380MHz (according to Figure 3-4 and 3-5, 10MHz is enough for a FBAR filter to achieve the rejection requirement and another 10MHz guard band is reserved for temperature and manufacture variation), and the other band is reserved for filter implementation. 
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Figure 3‑3 LTE UE transceiver illustration
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Figure 3‑4 Narrow band response of FBAR filter
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Figure 3‑5 Insertion loss of FBAR filter
The network can configure the new network signaled value for the indoor BSs which are coexisting with WLAN in the same geographical area. However, there is no need to configure this signal value for the outdoor BSs and the indoor BSs that have no coexistence requirements. The method has the following advantage:

· No need to redefine Band 40;

· No scheduling problem if the indoor BS operating frequency is within the lower 80MHz range;

· No stationary spectrum efficiency loss;

However, the changes will increase the cost of UE. Another problem is the insertion loss of the filter and switch. According to the survey from some filter vendors, the insertion loss of the BAW/FBAR filter is less than 1dB in the 2.3GHz band. The insertion loss of the DPDT is nearly 1.0dB to 1.5dB, which needs further optimization. Anyway, the additional RF requirements can be achieved by appropriate solution methods. 

3.1.2 LTE indoor UE connected to outdoor BS

Scenario descriptions: the UE in the indoor unit will connect to the outdoor BS. 
The network signal is not effective for this scenario since the outdoor BS may not configure this signal value. The UE will work in the whole operating band and may suffer the interference from WLAN and other ISM band appliances. The solution for this scenario is FFS.
3.2 Same handset
3.2.1 Dual mode CPE

Dual mode CPE Scenario: TD-LTE as backhaul and WLAN as wireless access, seen in Figure 3-6. 
The TD-LTE and WLAN dual mode CPE is an important application for providing wireless service at home or office, seen in Figure 3-5. The CPE will connect to the outdoor LTE BS as a backhaul and the network signaled indication method is not effect in this case. Following solution methods are proposed to solve the interference problem for this scenario.
· Time domain coordination: the time domain coordination between TD-LTE UE and WLAN AP in the motherboard is proposed. The detail solution is FFS.
· Frequency domain isolation: since the CPE only needs to support very limit operating frequencies than a normal terminal, there is chance to achieve the isolation requirements in the frequency domain. The detail solution is FFS.
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Figure 3‑6 LTE and WLAN dual mode CPE
3.2.2 Normal handset
Normal handset Scenario: TD-LTE and WLAN are in the same handset.

Since the isolation between TD-LTE and WLAN antenna connectors is very small due to size limit, it’s very hard to achieve the coexistence requirements by space isolation. Time domain coordination is proposed for this scenario. For example, the WLAN will be disable in case of LTE is working. The detail solution is FFS.

4 Text proposals

///////// Additional blocking requirement for TS36.101 V8.8.0 and V9.2.0///////////////
7.6.2
Out-of-band blocking

Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band.  For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in sub-clause 7.5.1 and sub-clause 7.6.1 shall be applied.
7.6.2.1
Minimum requirements
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables  7.6.2.1-1 and 7.6.2.1-2.
For Table 7.6.2.1-2 in frequency range 1, 2 and 3, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the downlink transmission bandwidth configuration (see Figure 5.4.2-1). For these exceptions the requirements of clause 7.7 Spurious response are applicable.

For Table 7.6.2.1-2 in frequency range 4, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the downlink transmission bandwidth configurations (see Figure 5.4.2-1) and 
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 is the number of resource blocks allocated in the uplink. For these exceptions the requirements of clause 7.7 spurious response are applicable.
Table 7.6.2.1-1: Out-of-band blocking parameters

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	Note 1:
The transmitter shall be set to 4dB below PUMAX at the minimum uplink configuration specified in Table 7.3.1-2.
Note 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.



Table 7.6.2.1-2: Out of band blocking

	E-UTRA band
	Parameter
	Units 
	Frequency  

	
	
	
	range 1
	range 2
	range 3
	range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5

6, 7, 8, 9, 10,11,12, 13, 17, 33,34, 35, 36, 37, 38, 39, 40
	FInterferer (CW)


	MHz


	FDL_low    -15 to

FDL_low    -60 
	FDL_low    -60 to

FDL_low    -85 
	FDL_low    -85 to  

1 MHz
	-

	
	
	
	FDL_high  +15 to

FDL_high  + 60 
	FDL_high  +60 to

FDL_high  +85 
	FDL_high  +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	Note:


7.6.2.1
Additional requirements
7.6.2.1.1 
Minimum requirement (network signalled value "NS_10")

When "NS_08" is indicated in the cell, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables  7.6.2.1-1 and 7.6.2.1.1-1.
Table 7.6.2.1.1-1: Additional out of band blocking (WLAN)
	E-UTRA band
	Parameter
	Units 
	Value

	
	PInterferer
	dBm
	-7

	40
	FInterferer (CW)
	MHz
	2400-2483.5 MHz

	Note:


///////// Additional spurious emissions for TS36.101 V8.8.0 and V9.2.0///////////////

5 Conclusion

This paper gives further analysis on coexistence interference between LTE UE and WLAN SS under different scenarios. Based on the analysis, additional RF requirements and the corresponding network signaled value “NS_10” are required to be specified in TS36.101 to ensure the Band 40 TD-LTE system performance. It is proposed to endorse the text proposal presented in the contribution.
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