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1 Introduction
UE co-existence problem between two adjacent bands is becoming a prominent issue in RAN4 recently especially when some new bands were introduced in 3GPP. The following scenarios have the similar co-existence issues: band 23/25/2, band 42/43, band7/38, band 5/Public Safety, and etc. Co-existence between LTE and other systems for E850 SI was discussed in [1]. This contribution analyzes the UE to UE co-existence between Band 5 and E850 lower sub-bands as an example. Similarly, band 5 and adjacent Public Safety co-existence may also need further study. 
2 Discussion
Two interference scenarios are considered for UE to UE co-existence between band 5 and E850 lower sub-band at 849~851MHz: Blocking and Out of band emission. The deterministic analysis method is applied to calculate the isolation requirement.
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Figure 1  split-band arrangement for 806-849/851-894 MHz
A 5MHz LTE channel is used as an example in the following study.
2.1 LTE UE Tx Power ->LTE UE Rx (Blocking)
In 3GPP TS36.101 Table 7.5.1-2 (Test parameters for ACS), the allowed maximum interference power on the adjacent channel of the victim UE Rx channel is (Refsens + 45.5) dB with assuming 14dB desense. Therefore,
Adjacent Channel Interference = Pagg_ue + Aggressor antenna gain +Victim antenna gain - Required Isolation 
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 Refsens + 45.5,
To satisfy UE Rx desense requirement,

  The required isolation
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Pagg_ue + Aggressor antenna gain +Victim antenna gain – (Refsens + 45.5)

Where for LTE UE Pagg_ue is 23dBm and antenna gain is assumed to be 0 dBi, and the Refsens is -98dBm (assumed to be same as Band 5 at this moment). Therefore the required minimum isolation is 75.5dB. 
If body loss is assumed to be 10dB at each side and the minimum separation between UEs is 1m (30dB, refer to the equation below), thus the total MCL is 50dB.
Free space path loss = 20*log10(fc[MHz]) – 27.6 + 20*log10(d[m])
where fc is the centre frequency of Band 5 of the UL. Therefore an additional protection of 25.5dB is required.
From TS 36.101 Table 7.6.1.1-1&Table 7.6.1.1-2 (In-band blocking), the minimum LTE UE receiver protection assuming 6dB desense is -56dBm for case 1 and -44dBm for case 2. Thus to meet UE desense requirement, the required isolation between UEs is 79dB for case 1 and 67dB for case 2. Therefore taking into account of 50dB MCL between UEs, the additional isolation of 29dB for case 1 and 17dB for case 2 is required.
2.2 LTE UE Tx OOBE->LTE UE Receiver
Assuming a 3dB desense criteria, the out of band emission from Band5 UE should not be higher than E850 lower band UE Rx noise floor. With an the victime UE NF is assumed to be 9dB , the maximum allowed OOBE is -174dBm + 10log(1E6) + 9 = -105dBm/MHz. From TS 36.101 Table 6.6.2.1.1-1, the UE spectrum emission levels are defined for different frequency offset (ΔfOOB). The required isolation can be calculated as:

 Required isolation ≥ Spectrum emission limit – maximum allowed OOBE
Based on the UE spectrum emission limit for 5MHz channel bandwidth from frequency (ΔfOOB) starting from the channel edge of ( 0 to
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10MHz, the required isolation is calculated to meet 3dB desense criteria. If assuming MCL between UEs of 50dB (distance separation: 1meter, body loss at each side: 10dB), an additional isolation is also shown in Table 1.
	Table 1 Isolation requirement for 5MHz LTE channel bandwidth
ΔfOOB
(MHz)
	Spectrum emission limit (5

MHz)
	Required Isolation
	Additional Isolation

	( 0-1
	-15dBm/30KHz
	
	

	( 1-2.5
	-10dBm/1 MHz
	95 dB
	45 dB

	( 2.5-2.8
	-10dBm/1 MHz
	95 dB
	45 dB

	( 2.8-5
	-10dBm/1 MHz
	95 dB
	45 dB

	( 5-6
	-13dBm/1 MHz
	92 dB
	42 dB

	( 6-10
	-25dBm/1 MHz
	80 dB
	30 dB


Beyond the frequency ranges that more than ΔfOOB in Table 1, UE spurious emission limits will be applied. From TS 36.101 Table 6.6.3.2-1, applying -50dBm/MHz (Band 5) as spurious emission limit, the isolation of 35dB is required. 
In real network, the real impact on UE performance may need to consider the noise floor raise due to transmission from vicinity BS stations presented at victim UE receiver.
3 Conclusion
For UE to UE coexistence at 849~851MHz, some isolation is required to satisfy desense requirement based on blocking and OOBE studies. While BS to BS coexistence at 849~851MHz might be feasible with duplexer and site engineering, UE to UE coexistence need further study. In real network, the real impact on UE performance may need to consider the noise floor raise due to transmission from vicinity BS stations presented at victim UE receiver. Careful frequency planning may be required to avoid this interference. Additional maximum power reduction and restriction on transmitter bandwidth may also be possible solutions to resolve the UE co-existence issue. 
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7.2.1.3 UE to UE and BS to BS coexistence issues at 849-851 MHz 
While BS to BS coexistence might be feasible with filters and site engineering, the UE to UE coexistence might be more difficult to achieve. 
LTE BTS Tx Power (  LTE BTS Receiver (Blocking)
LTE TX Pout = 43dBm/5MHz 

Assuming minimal coupling loss between LTE BTS and LTE BTS is 50dB, then the interferer level at LTE BTS is -7dBm/5MHz 

From 3GPP TS 36.104 Table 7.5.1-3 Adjacent channel selectivity for Wide Are BS and Table 7.6.1.1-1 Blocking performance requirement for Wide Area BS, the minimum LTE receiver protection assuming 6dB desense is -52dBm for adjacent channels and -43dBm for other in-band channels. Adjusting for a more realistic 1dB desense allowance, the corresponding adjacent and alternate channel protection becomes -63dBm and -54dBm respectively.

Therefore an additional 56dB of protection is required for an interferer in the adjacent channel spectrum, while interferers elsewhere in band will only require an additional 47dB of protection.
LTE BTS Tx OOBE (  LTE BTS Receiver
Assuming a 1dB desense criteria, the Tx noise from LTE BS (5MHz channel) must be more than 6dB below the LTE BS Rx noise floor. With an LTE BS NF of 5dB, the Tx noise must be less than -115dBm/MHz. Assuming FCC rule 90.691 [90.210] and Industry Canada RSS-119 [90.691] has emission limits, the LTE Tx power in the LTE Rx bandwidth is -13dBm/100KHz or -3dBm/MHz. Assuming a coupling loss between LTE Base Stations of 70dB or less, an additional 32dB of suppression is required.

The 2MHz guard band (849-851 MHz) with RF filter on the BTSs could be enough for certain typical deployments.
LTE UE Tx Power ->LTE UE Rx (Blocking)

In 3GPP TS36.101 Table 7.5.1-2 (Test parameters for ACS), the allowed maximum interference power on the adjacent channel of the victim UE Rx channel is (Refsens + 45.5) dB with assuming 14dB desense. Therefore,

Adjacent Channel Interference = Pagg_ue + Aggressor antenna gain +Victim antenna gain - Required Isolation 
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 Refsens + 45.5,

To satisfy UE Rx desense requirement,

  The required isolation
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Pagg_ue + Aggressor antenna gain +Victim antenna gain – (Refsens + 45.5)

Where for LTE UE Pagg_ue is 23dBm and antenna gain is assumed to be 0 dBi, and the Refsens is -98dBm (assumed to be same as Band 5 at this moment). Therefore the required minimum isolation is 75.5dB. 

If assuming the body loss is 10dB at each side and the minimum separation between UEs is 1m (30dB, refer to the equation below), thus the total MCL is 50dB.

Free space path loss = 20*log10(fc[MHz]) – 27.6 + 20*log10(d[m])
where fc is the centre frequency of Band 5 of the UL. Therefore an additional protection of 25.5dB is required.
From TS 36.101 Table 7.6.1.1-1&Table 7.6.1.1-2 (In-band blocking), the minimum LTE UE receiver protection assuming 6dB desense is -56dBm for case 1 and -44dBm for case 2. Thus to meet UE desense requirement, the required isolation between UEs is 79dB for case 1 and 67dB for case 2. Therefore taking into account of 50dB MCL between UEs, the additional isolation of 29dB for case 1 and 17dB for case 2 is required.

LTE UE Tx OOBE->LTE UE Receiver

Assuming a 3dB desense criteria, the out of band emission from Band5 UE should not be higher than E850 lower band UE Rx noise floor. With an the victime UE NF is assumed to be 9dB , the maximum allowed OOBE is -174dBm + 10log(1E6) + 9 = -105dBm/MHz. From TS 36.101 Table 6.6.2.1.1-1, the UE spectrum emission levels are defined for different frequency offset (ΔfOOB). The required isolation can be calculated as:

 Required isolation ≥ Spectrum emission limit – maximum allowed OOBE

Based on the UE spectrum emission limit for 5MHz channel bandwidth from frequency (ΔfOOB) starting from the channel edge of ( 0 to
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10MHz, the required isolation is calculated to meet 3dB desense criteria. If assuming MCL between UEs of 50dB (distance separation: 1meter, body loss at each side: 10dB), an additional isolation is also shown in Table 1.

	Table 7.2.1.3-1 Isolation requirement for 5MHz LTE channel bandwidth
ΔfOOB
(MHz)
	Spectrum emission limit (5

MHz)
	Required Isolation
	Additional Isolation

	( 0-1
	-15dBm/30KHz
	
	

	( 1-2.5
	-10dBm/1 MHz
	95 dB
	45 dB

	( 2.5-2.8
	-10dBm/1 MHz
	95 dB
	45 dB

	( 2.8-5
	-10dBm/1 MHz
	95 dB
	45 dB

	( 5-6
	-13dBm/1 MHz
	92 dB
	42 dB

	( 6-10
	-25dBm/1 MHz
	80 dB
	30 dB


Beyond the frequency ranges that more than ΔfOOB in Table 1, UE spurious emission limits will be applied. From TS 36.101 Table 6.6.3.2-1, applying -50dBm/MHz (Band 5) as spurious emission limit, isolation of 35dB is required. 
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