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1 Introduction
LTE transmission (Tx) happening in bands adjacent to the ISM band is expected to interfere with WLAN reception (Rx). This interference will manifest itself in the form of receiver de-sense, therefore, the WLAN receiver sensitivity is decreased and requires a stronger signal to correctly decode WLAN frames. The WLAN de-sense is attributed to the LTE out-of-band (OOB) emission leaking into the WLAN channel and blocking attributed to WLAN receiver reacting non-linearly to the LTE signal operating in an adjacent band. Even though different coexistence filters, LTE power amplifiers and WLAN receiver implementations are expected to impact the extent of the WLAN Rx de-sense. And also there could be other factors such as the number of RB and RB index information. In the last meeting, there was a paper introducing RB index to avoid interference from the ISM devices [1]. In this paper we introduce and propose the RB index indication as additional assistant information in order to avoid interference from/to ISM device for effective LTE IDC operation. This contribution also includes revision of [1] and [2] where these matters were not discussed.
2 Discussion 

2.1 Interference avoidance with RB allocation on LTE UL 

2.1.1 WLAN desensitization at the UE
Through conducted and/or radiated coupling between the LTE transmitter and receiver, the following interference sources have potential to degrade the WLAN sensitivity, i.e. cause desensitization (e.g. desense). The level of interference experienced by the WLAN receiver for each source will depend on the spectral content of the source and the frequency characteristics of the coupling mechanism. 
· Out-of-band broadband noise from LTE transmitter (mainly PA noise floor)

· Out-of-band spurs and intermodulation products generated in the LTE Transmitter

· Intermodulation products generated in the WLAN receiver. These occur as result of LTE emissions leaked into the WLAN receiver, but which have frequency content that would perhaps not otherwise directly affect the WLAN sensitivity (i.e. falling outside the WLAN Rx channel BW).

The value of WLAN Rx de-sense will depend, among other parameters, on the number of LTE RBs allocated to the co-located LTE UE radio, the RB start-index  (RB block frequency positioning within the nominal LTE channel bandwidth) and the overall TX power transmitted
2.1.2 The number of Resource Block

Figure 1 shows how the measurement results of LTE UL RB size and total transmitted power affect the desensitization of the WLAN receiver. It is intuitive to note, that the worst desense is seen at 100 RB (widest band width) and maximum TX power. As the power decreases, the amount of desense also decreases. What is less intuitive though is the fact that the amount of desense for a fixed TX power does not decrease monotonically. While it initially decreases with decreasing number of RBs, it then vacillates between local minima and maxima. In particular, allocation of 3 RBs results in a substantial increase of WLAN desense. This behaviour can best be explained by examining the LTE output spectrum for various values of RB allocation, start index and total power.
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Figure 1. WLAN RX desense vs. the number of RB allocated to the LTE UL
Based on our measurement, we have seen WLAN Rx desense could be affected by the number of RB allocated to the LTE UL. Accordingly, if the UE reports the number of RB having less interference to the WLAN receiver as assistant information, the eNB may appropriately allocate the number of RB to the LTE UL transmission to avoid interference to WLAN receiver.  

Observation 1: the number of RB could be assistant information to avoid interference from LTE Tx to ISM receiver

2.1.3 Resource Block Start index 

For narrowband LTE transmission (RB <100), the position of the transmitted RB cluster within the nominal 20 MHz LTE channel BW will create an implementation dependent output spectrum where one or more spurs or intermodulation products may show up. For a given number of RBs, the spectrum may be relatively clean-looking (no or few spurs) whereas with a shift in the RB frequency location, multiple spurs may become visible. The RF frequency location(s) of the spur(s) and the severity of desense will depend on the RB start index (subcarrier number) as well as particular H/W implementation. Referring to the measurement results shown in the figure 2 and 3 it can be seen that the output spectrum consists of a large number of modulated spurs where the dominant spur is the desired LTE signal. The spurs just to its right are LTE Tx leakages consists of the unwanted upper sideband spurs. Although not seen on the plot due to limited dynamic range the intermodulation spurs extend in frequency above and below the visible spurs on the plot. In particular the spur close to marker 1will fall close to the center of WLAN channel 13 and as it cannot be filtered by the WLAN front end, it will directly affect the sensitivity of the WLAN receiver. 
On the other hand if the RB index (e.g. for LTE UL RB allocation) is centered (or close to) in the LTE channel then UE transmitter will see a transmit spectrum with greatly reduced spectral bandwidth in terms of unwanted spurs. This is explained in the figure 3, where the unwanted spurs largely overlap the main transmitted signal so that as for the impact on WLAN desense, a considerable improvement could be expected accordingly.
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Figure 2 LTE UL Spectrum 1 RB, Start Index 0
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Figure 3 LTE UL Spectrum 1 RB, Start Index 49

Based on our measurement, we have seen WLAN Rx desense could be affected by the RB start index allocated to the LTE UL. Accordingly, if the UE reports relatively safe RB starting index information having less interference to the WLAN receiver as assistant information, the eNB may appropriately allocate proper RB to the LTE UL transmission to avoid interference to WLAN receiver.  

Observation 2: RB start index could be assistant information to avoid interference from LTE Tx to ISM receiver
Based on our measurement results and observations above, we propose some assistant information to be added on the IDC indication message in order to avoid interference to the ISM devices. Accordingly, if the UE sends RB related information to the eNB for the LTE UL transmission, the eNB may allocate appropriate number of RBs having less interference to WLAN based on its scheduling and load balancing status.  In order to maintain LTE UL data throughput, the LTE UL transmission rate needs to be increased when the number of RBs allocated to UE is decreased. One way of achieving this would be for the eNB to grant the UE more frequent transmission events, as the eNB should be aware of the on-going WLAN desense due to the fact that a reduced number (less than maximum available in the LTE UL channel) of RBs has been requested by the UE. Another way would be for the UE to send UL scheduling request more frequently when using a smaller number of RBs allocation, rather than buffering up a lot of data with hope of being granted a large RB allocation at a lower duty cycle.  

2.2 Interference avoidance with RB allocation on LTE DL 
This section illustrates the simulations performed to assess the proposal in the previous section.

2.2.1. Simulation methodology

To evaluate the part of the band that can be used in LTE downlink in presence of Wi-Fi transmission, the following scenario and parameters have been used:

	Parameters
	WLAN 802.11b/g/n
	LTE

	Operating band 
	channel 1 at center frequency 2.412 MHz
	Band 40 (2300 – 2400 MHz) 

	Operating Bandwidth 
	22 MHz
	20 MHz

	Number of Resource Blocks (RB)
	
	100

	Tx power 
	From 5mW to 100mW 
	

	Intercell interference 
	
	From -101 dBm to – 61 dBm

	Noise floor 
	-174 dBm/Hz
	-174 dBm/Hz


Given 802.11b/g/n spectrum mask found in relevant standards, a 802.11b/g/n OFDM signal is generated in channel 1 with the corresponding attenuation. A LTE signal is generated in Band 40 close to the ISM channel 1 frequency (as shown in Figure 1) taken into account that RSRP value can change. For each LTE signal,the corresponding RSRP value is compared to the power transmission of the 802.11b/g/n generated signal added with power spectral density of the noise floor and that of intercell interference in the corresponding band and the usable frequency limit is computed.
2.2.2. Simulation results

The following graphs show our simulation results for 802.11n signal and LTE operating band near the 802.11 channel 1.

[image: image4.png]2400

2390

2380

2370

Frequency (MHZ)

2380

2350

2340

Usable frequency limit as a function of LTE RSRP

RSRP maximum
reported value= 44 dBm

- IsM power = SmW

—=— ISMpower = 25mW

—— IsM power = 100mw

——— noIsM, intercell interference = -101 c8m

==~ 0 IS ntercell interference =-8168m

- ho ISM, Intercel interference = -610Bm

S
5

:

£

£

i

2

2

w0 w0 aw o Pa—

RSRP (dBm)




Figure 4. Usable frequency limit as a function of RSRP

Practical RSRP values defined by TS 36.133 [3] are shown in yellow verticals. Our simulations show that intercell interference values have no impacts on the results when 802.11n ODFM signal is generated. For reason of convenience, we represented only results for intercell interference at – 81 dBm were shown. Frequency limits when no 802.11 signal interference were also computed and shown. From the figure 4, it can be observed that:
· The 20MHz upper part of the Band40 is the most affected part of the band where RSRP has to be higher for LTE to be usable, 

· From the 2380MHz approx. limit downwards part of the band, an LTE signal received at 2340MHz with RSRP=-70dBm can also be receivable at 2370MHz with the same RSRP value. So this part of the band is less impacted than the previous upper part.

Observation 3: the interference is not constant throughout the LTE band and decreases as getting further from ISM Tx band. The 20MHz upper part of the Band40 is the most affected part of the band where RSRP has to be higher for LTE to be usable. The 2380MHz approx. limit downward frequencies are still usable if RSRP exceeds -70dBm.

From the figure 4, given a 802.11 Tx power and intercell interference values, an “unusable for LTE” area can be extracted such that for any LTE RSRP values in this area, 802.11n signal interference is so high that LTE DL signal is degraded. The frequency limit value can be obtained for given RSRP and 802.11 Tx power values as shown in Figure 5 below.
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Figure 5. Unusable/usable LTE frequencies as a function of RSRP for ISM power 100mW

Then from this frequency limit, a usability rate (which would consist of the rate of the upper 20MHz band that can still be usable owing to the ISM interference given RSRP and ISM Tx power values) can be deduced. In the example taken where 2389 MHz approx is the frequency limit, the usability rate would be ((2389MHz-2380MHz) x 100)/18,015[total usable part of the 20MHz band]=50% approx. This is shown in Figure3 below.
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Figure 6. Usability rate as a function of RSRP in the 20MHz upper part of the Band40

From the figure 6, it can be observed that:
· More than 40% of the 20MHz upper part of the Band40 is still usable when RSRP exceeds -60dBm. This ratio is even higher when ISM power is lower for a given RSRP value.

Observation 4: A significant part of the 20MHz upper part LTE band is still usable in presence of ISM interference depending on RSRP and ISM power.

Regarding the frequency of the UE information update towards the network, the UE would make use of average ISM Tx power and RSRP values to assess the usability rate and send according PRB index limit if this usability rate allows to use more than the minimum resource allocation to the UE for the considered band allocated to it. This would prevent the UE to send the information too frequently.
2.2.3. Wrap up

The proposed information i.e. unusable PRB index limit can be considered as:

· UE assistance information for FDM solution (which consists in “The UE informs the E-UTRAN when transmission/reception of LTE or other radio signal would benefit or no longer benefit from LTE not using certain carriers or frequency resources” according to [4] so as to the network sees how much the LTE band is affected.  The left/rightmost unusable PRB index limit would help the eNB to infer the percentage of the band that is still usable. If there is a significant part of the band that is usable, then the eNB would not decide to change the carrier frequency for the UE.

· UE assistance information for TDM solution as complimentary to current SubframeReservationPatterns TDM-Assistance-Info (Stage3 CR [4]), in that only usable PRBs would be allocated for these reserved subframes while using the same frequency.

This proposal is applicable to PU/DSCH physical channels, also to PDCCH if dedicated scheduling can be done to the UE. From the above, we would like to make the following proposal for radio resource usage point of view. Based on our analysis and observations above, we propose RB index information indication as assistant information on the IDC indication message. 
Proposal 1. Desired RB start index information for the LTE UL/DL transmission should be added as assistant information on the IDC indication message

Proposal 2. Desired RB stop index information or the number of RB information for the LTE UL transmission should be added as assistant information on the IDC indication message
3 Conclusion
As we described above, the RB index indication i.e.RB start index for DL/UL and stop index for UL, can reduce interference from/to the WLAN device at the UE. In this contribution, we propose RB index indication which can be added on the IDC indication message to request desired RB size and position for the LTE DL/UL transmission giving less interference from/to the WLAN device. 

Observation 1: the number of RB could be assistant information to avoid interference from LTE Tx to ISM receiver

Observation 2: RB start index could be assistant information to avoid interference from LTE Tx to ISM receiver
Observation 3: the interference is not constant throughout the LTE band and decreases as getting further from ISM Tx band. The 20MHz upper part of the Band40 is the most affected part of the band where RSRP has to be higher for LTE to be usable in DL. The 2380MHz approx limit downward frequencies are still usable if RSRP exceeds -70dBm.
Observation 4: a significant part of the 20MHz upper part LTE band is still usable in DL in presence of ISM interference depending on RSRP and ISM power.
We propose that RAN2 agree on the following proposals:
Proposal 1. Desired RB start index information for the LTE DL/UL transmission should be added as assistant information on the IDC indication message

Proposal 2. Desired RB stop index information or the number of RB information for the LTE UL transmission should be added as assistant information on the IDC indication message
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