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1. Overall Description:

RAN4 had studied the ISM technologies and LTE in-device coexistence interference by RF analysis and experimental measurement. The analysis results presented in [1], [2], [3], and [4] indicate that significant degradation of both LTE and ISM systems can occur despite current state-of-the-art RF filtering technology. Based on the RF analysis, RAN4 gets the following observations:
1) For some in-device coexistence scenarios, the interference can severely disrupt receive activities in the entire victim band. For these scenarios, frequency division multiplexing (FDM) solutions may not be feasible.
2) For other in-device coexistence scenarios, frequency division multiplexing (FDM) solution can be an attractive solution.

The related text proposal to capture RAN4 analysis on ISM technologies and LTE in-device coexistence interference, from which above observations could be derived, is included in the Annex.

2. Actions:

To RAN2:
RAN4 kindly requests RAN2 to capture the attached TP in TR 36.816.
3. Date of Next TSG-RAN WG4 Meetings:

TSG-RAN4 Meeting Ad-Hoc#5      17th – 21st Jan 2011
Texas, USA

TSG-RAN4 Meeting #58
21st – 25th Feb 2011
Tapei, TW
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Annex B (informative):
Interference analysis on in-device coexistence between LTE and ISM

RAN4 had studied the ISM technologies and LTE in-device coexistence interference. The analysis and measurements presented in [2], [3], [4], and [5] indicate that significant degradation of both LTE and ISM systems can occur despite current state-of-the-art RF filtering technology.  The precise quantitative results differ from contribution to contribution due to differing assumptions in the analysis or the measurement approach; nonetheless, the conclusions are consistent in that at least a significant fraction of spectrum is highly desensed when the other technology is transmitting. For the remainder of this section, we will refer to the analysis provided in [2] as Analysis 1, the measurement and analysis in [3] and [4] as Analysis 2, and the analysis in [5] as Analysis 3. Based on the RF analysis, we observe the following: 

· For some in-device coexistence scenarios, the interference can severely disrupt receive activities in the entire victim band. For these scenarios, frequency division multiplexing (FDM) solutions may not be feasible.
· For other in-device coexistence scenarios, frequency division multiplexing (FDM) solution can be an attractive solution.
B.1. Filtering assumptions

A critical parameter in quantifying the expected degradation in performance is the filtering assumptions used in the analysis.  A transmit filter reduces the out-of-band spurious emissions falling into the receive band of the other technology; whereas a receive filter reduces the blocking effect due to the transmitter in the other technology.  Each filter serves a different, but necessary purpose in mitigating interference and desense to the extent possible within the constraints of the design.  For purposes of this coexistence study, the key constraint is the limited attenuation available over the transition band of the filter.  In some cases, for example between LTE in Band 40 and ISM starting at 2400 MHz, there is no guard band available for the filter to transition over.  Thus, the limited rejection of the filter over the transition band is most detrimental when each technology is operating at the band edges.  The problem is amplified when one takes into account the variation in filter response across manufacturing process and over the temperature range that the device must operate.

In Analysis 1, the best known simulated BAW (FBAR) filter performance for both ISM and LTE have been assumed.  The analysis further accounts for filter response variations over process and temperature.

In Analysis 3, a commercially available filter [6] has been assumed for ISM transmitter.  Both typical and worst case filter performance parameters are evaluated as indicated below.

· Typical attenuation filter value:  45dB for frequencies less than 2370 and 37dB for frequencies between 2370 MHz and 2380 MHz

· Minimum attenuation filter value:  30dB for frequencies less than 2370 MHz and 22dB for frequencies between 2370 MHz and 2380 MHz

Since only the ISM Tx filter has been identified, the analysis considers the out-of-band spurious emissions from ISM into LTE, but the blocking aspect of the ISM transmitter has not been included. 

In Analysis 2, lab measurement results were provided to indicate the nature of interference and the performance degradation.  In this case, lab bench test equipment was used to evaluate performance.  The transmitted signals, both wanted and interfering, were produced by signal generators.  The receiver was a vector signal analyzer measuring the error vector magnitude (EVM) of the received signal corrupted by interference.  External filters were not employed in the test setup, so the Tx and Rx filtering function was provided by the inherent filtering in the signal generators and vector signal analyzer.  The filtering function on the test equipment was not specified in the contribution.

B.2. Antenna isolation

Another key parameter affecting in-device coexistence performance is the antenna isolation between the two systems.  Analysis 1 and 3 have assumed an antenna isolation of 12dB to be representative of typical applications and devices.  Analysis 2 has investigated the impact of antenna isolations of 10, 15, and 20 dB.

B.3. Interference mechanisms

The interference mechanisms from one technology transmitting while the other one is receiving that have been considered are out-of-band spurious emissions and receiver blocking.  The spurious emissions result from the ACLR sidebands from the transmitting waveform.  The spurious emissions, attenuated by the Tx filter, can extend into the receive band of the other technology causing an effective increase in noise level, or desense, or a degradation in measured EVM.  Receiver blocking results from a large unwanted signal adjacent to or within close proximity in frequency to the desired signal.  The blocking signal coupled with the non-linearities within the receiver generate an additional in-band noise component which can also increase EVM and degrade sensitivity of the impacted system. 

In Analysis 1, both spurious emissions and blocking have been considered in the evaluation.  Their cumulative effect on desense is reported.  The ACLR of the transmitter and the linearity of the receiver are not specified.

In Analysis 2, since a lab measurement was performed, all aspects including spurious emissions and blocking are considered.  However, because the receiver in this case is a vector signal analyzer, the linearity of this test equipment may not be representative of the linearity in an actual LTE or ISM device.  However, the spurious emissions effect is modeled in this measurement as ACLR1 and ACLR2.  The assumptions are as follows

· LTE ACLR1 = -32dB

· LTE ACLR2 = -50dB

· WLAN ACLR1 = -34dB

· WLAN ACLR2 = -51dB

In Analysis 3, the spurious emissions impact has been considered by using a measured PA output spectrum for WLAN 802.11g.  The blocking effect has not been considered.

B.4. Signal Bandwidth

Signal bandwidth of the transmitting signal impacts the frequency extent of the spurious emissions – wider bandwidths generate spurious emissions which extend further in frequency.  In all cases, the bandwidth of WLAN is fixed at 22 MHz and the Bluetooth bandwidth at 1 MHz not taking into consideration frequency hopping.  The bandwidth of the LTE signal has been assumed to be 20 MHz for Analysis 1 and Analysis 3.  For Analysis 2, the channel bandwidth for LTE is assumed to be 20 MHz, but the uplink allocation and therefore the extent of spurious emissions is varied from 100RB’s at full allocation to 50 RB’s and 25 RB’s.

B.5. Transmitter output power

Transmitter output power affects the blocking performance and the amplitude of spurious emissions.  More interference is generated when the output power is higher.  In all analyses, a high output power was assumed.  The maximum output power for LTE was assumed at 23dBm, the output power for WLAN was assumed to be 20dBm, and the output power for Bluetooth was assumed to be 10dBm.

B.6. Performance measure

The impact on the affected system is characterized by a degradation in performance.  Desense is a common indicator.  Indeed, desense is the metric used in Analyses 1 and 3 where the desense is relative to an assumed reference sensitity value.  The desense is approximated as 10log10() in Analysis 1 and computed as 10log10() in Analysis 3, where  is the ratio between the coexistence interference and the noise floor at sensitivity.  The assumed reference sensitivity values are -94dBm for LTE in Band 40, -92dBm for LTE in Band 7, -90dBm for Bluetooth, and -79dBm for WLAN.  Using desense as the performance measure gives an indication of the degradation that can be expected when the victim system is in its most vulnerable state at the edge of its coverage, so may be descriptive of a worst case scenario.

On the other hand, Analysis 2 uses a slightly different metric of EVM.  EVM can also indicate potential degradation in receiver performance as signal with large EVM would likely be incorrectly decoded at the demodulator.  Instead of considering reference sensitivity, Analysis 2 provides insight into performance at more nominal receive power levels that might be more typically observed in practice.  For example, the received signal power for the LTE receiver is -70dBm, which is 24dB above reference sensitivity.  The received signal power level for the WLAN receiver is -50dBm, which is 29dB above sensitivity as defined in Analyses 1 and 3.  Analysis 2 uses a benchmark of 5.62% EVM to judge whether the LTE or WLAN system performance is acceptable or not.

B.7.  Results

The results of the interference analyses are presented in this section.

B.7.1. Analysis 1 Results

A quick look into the results shows that LTE activities in the highest 30MHz of Band 40 can, in the worst case scenario, disrupt BT/WLAN activity over the entire ISM band. Moreover, LTE activity in any portion of Band 40 will have serious impact on the lowest 20MHz of the ISM band.
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Figure B.7.1‑1: Coexistence interference impact from LTE in B40 on BT
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Figure B.7.1‑2: Coexistence interference impact from LTE in B40 on WLAN

Figure B.7.1-3 and Figure B.7.1-4 show the coexistence interference impact on LTE from BT and WLAN respectively. As shown in the figures, any activity in the lowest 20MHz
 of the ISM band can, in the worst case scenario, impact LTE activities across the entire Band 40. Also, BT/WLAN activity anywhere within the ISM band could impact the highest 20-30MHz of Band 40.
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Figure B.7.1‑3: Coexistence interference impact on LTE in B40 from BT
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Figure B.7.1‑4: Coexistence interference impact on LTE in B40 from WLAN
Figure B.7.1-5 and Figure B.7.1-6 show the coexistence interference impact from LTE in Band 7 on BT and WLAN respectively. As expected, in the worst case scenario, LTE UL in the 2510MHz channel can desense the entire ISM band. For the remaining LTE channels, AFH on BT is required to limit operation to the first 40-60MHz of the ISM band. 
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Figure B.7.1‑5: Coexistence interference impact from LTE in B7 on BT
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Figure B.7.1‑6: Coexistence interference impact from LTE in B7 on WLAN

Note that Band 7 DL is far enough away from the ISM band to suffer interference. While there may be an interference mechanism here such that a simultaneous transmission of ISM and LTE UL mixes due to non-linearities and falls in LTE, we do not consider such mechanisms in this paper.  

In conclusion, the presented analysis shows significant degradation in sensitivity due to LTE-ISM coexistence on the same device. While the analysis assumes worst case conditions in terms of aggressor transmit power, receiver RSSI and filter variations, we note that coexistence interference extends to a number of cases in nominal conditions. For instance, LTE transmit activities in 2380-2400MHz and/or ISM transmissions in 2400-2420MHz can severely disrupt receive activities in the whole victim band. In addition, the FBAR filters used in the analysis come with additional cost compared to the typically used SAW and ceramic filters. 

The analysis above clearly shows that in a number of LTE and ISM channel combinations, RF filtering is not enough to prevent significant desensing. 
B.7.2. Analysis 2 Results

Table B.7.2-1. Experimental results about Minimum Center Frequency Space
	Aggressor-
	Victim
	Minimum Center Frequency Space（MHz）

	
	
	Antenna isolation

	
	
	10dB
	15dB
	20dB

	LTE band 40
	WLAN
	58MHz
	52MHz
	50MHz

	WLAN
	LTE band 40
	56MHz
	50MHz
	46MHz

	LTE band7
	WLAN
	60MHz
	52MHz
	50MHz


Note: the number of RB for band40 or band7 is 100RB and the moving step for LTE away from WLAN is 2MHz in above experiment.

From the above table we can conclude that:

1. For band 40 or band 7 ,when LTE working at the center frequency f1 and WLAN working at the center frequency f2 , the space of center frequency between LTE and WLAN need to meet:
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2. The antenna isolation is a great impact on the Minimum Center Frequency Space between LTE and WLAN, so we should try to increase the antenna isolation to decreasing Minimum Center Frequency Space.
3. The band is divided into safety zone and danger zone by considering Minimum Center Frequency Space.
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Figure B.7.2-1.  Safety zone and danger zone

From the Figure B.7.2-1 we can see that the size of danger zone for band 7 is smaller than danger zone for band 40.For antenna isolation=15dB, the size of danger zone for band 40 is 40 MHz, but 24 MHz for band 7. There are only 2 center frequencies in the danger zone for band 7, but there are about 5 center frequencies for band 40, according to center frequency distribution of band 40 and band7 in [2].
Table B.7.2-2. Experimental results about Minimum Center Frequency Space
	
	Antenna isolation

	
	10dB
	15dB
	20dB

	Band7:2510MHz

WLAN:2472MHz
	100RB

Start=0
	fail
	fail
	fail

	
	50RB

Start=50
	fail
	fail
	ok

	
	25RB

Start=75
	ok
	ok
	ok

	Band7:2515MHz

WLAN:2472MHz
	100RB

Start=0
	fail
	fail
	ok

	
	50RB

Start=50
	ok
	ok
	ok

	
	25RB

Start=75
	ok
	ok
	ok


NOTE: we use “Fail” to mark this situation that EVM> 5.62%, and use “OK” mark this situation that EVM<=5.62%.
B.7.3. Analysis 3 Results

Table B.7.3-1 shows the desense results when using typical attenuation filter values, Table B.7.3-2 shows the desense results when using minimum attenuation filter values.

	
	2412
	2422
	2432
	2442
	2452
	2462
	2472
	Interferer Freq. MHz

	2310
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	

	2315
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	

	2325
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	

	2335
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	

	2345
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	

	2355
	3.9
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	

	2365
	12.3
	7.7
	4.7
	4.5
	4.5
	4.5
	4.5
	

	2375
	54
	48
	43
	38
	38
	38
	38
	

	2385
	63
	57
	51
	46
	43
	43
	43
	

	2390
	66
	60
	54
	49
	45
	44
	44
	

	Victim Freq. MHz
	
	
	
	
	
	
	
	


Table B.7.3-1: Coexistence interference impact from WLAN to LTE in B40 –Typical attenuation filter values used

	Desense  <  3dB

	3dB  < Desense  < 10dB

	10dB  < Desense  < 50dB

	Desense  > 50dB


	
	2412
	2422
	2432
	2442
	2452
	2462
	2472
	Interferer Freq. MHz

	2310
	14
	14
	14
	14
	14
	14
	14
	

	2315
	14
	14
	14
	14
	14
	14
	14
	

	2325
	14
	14
	14
	14
	14
	14
	14
	

	2335
	14
	14
	14
	14
	14
	14
	14
	

	2345
	14
	14
	14
	14
	14
	14
	14
	

	2355
	17
	14
	14
	14
	14
	14
	14
	

	2365
	27
	22
	18
	17
	17
	17
	17
	

	2375
	54
	48
	43
	38
	38
	38
	38
	

	2385
	63
	57
	51
	46
	43
	43
	43
	

	2390
	66
	60
	54
	49
	45
	44
	44
	

	Victim Freq. MHz
	
	
	
	
	
	
	
	


Table B.7.3-2: Coexistence interference impact from WLAN to LTE in B40 – Minimum attenuation filter values used

	Desense  <  3dB

	3dB  < Desense  < 10dB

	10dB  < Desense  < 50dB

	Desense  > 50dB


From the results shown in the above tables we can note that although LTE sensitivity degradation is severe for very close interferer and victim spacing, the nominal filter response of the ISM band-pass filter used in this analysis effectively controls the interference in the lower half of Band 40. There is a sensitivity degradation of about at least 2.5 dB across the whole Band 40 due to the noise floor of the specific WLAN PA and the limited attenuation of the ISM filter mask. In reality, the ISM filter’s response will not be flat across Band 40, and better performance is expected for at least some parts of the band. Assuming worst-case filter response, however, sensitivity degradation is severe across the whole band. 

End of Text Proposal
� While this may not be an issue for BT which employs adaptive frequency hopping (AFH) and can avoid transmission/reception in the first 20MHz, it is definitely an issue for WLAN channel 1 if it operates in the infra structure mode.


� Again, this frequency range can be avoided in BT by AFH
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