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1 Background
In RAN4#61, Band 7 and Band 38 UE-UE coexistence requirements for Rel-9 and Rel-10 specifications were discussed. Proposals were as follows:
· Band 7 -> Band 38

· +1.6 dBm/5MHz in 2570-2575 MHz

· -15.5 dBm/5MHz in 2575-2595 MHz

· -30, -40, -50 dBm/MHz in 2595-2620 MHz
· Band 38 -> Band 7

· -15.5 dBm/5MHz in 2620-2645 MHz

· -30, -40, -50 dBm/MHz in 2645-2690 MHz 
The main issue is how to define appropriate spurious emission requirements and corresponding restrictions. In this contribution, we measure the out-of-band emissions and spurious emissions of Band 38 terminal and evaluate the potential impacts of introducing tighter spurious emission requirements. Band 7 and Band 38 UE to UE coexistence requirements are proposed based on the analysis.
2 Experimental results

The system bandwidth is configured to 20 MHz from 2595 MHz to 2615 MHz and the uplink resource allocation is below 2620MHz boundary. The experimental assumptions are listed in table 1. 

Table 1 PA parameters

	Parameter
	Value

	ACLR for UTRA1
	33 dBc

	PA Power
	23dBm, 25dBm, 27dBm

	LO leakage
	-25 dBc

	IQ imbalance
	-25 dBc

	modulation
	QPSK


In the OOB Region
The test results are shown in figure 1. The out-of-band requirement of -15.5dBm/MHz can not be achieved for 25dBm and 27dBm PA output power when allocated uplink resource block number is larger than 50.
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Figure 1 Out-of-band emissions
In the Spurious Emission Region

The test results are shown in figure 2. The spurious emission requirement of -50dBm/MHz can not be achieved for all PA output power. The requirement of -40dBm/MHz can be achieved for 23dBm and 25dBm PA output power in any case. 
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Figure 2 Spurious emissions
Observation

· In the OOB region
· -15.5dBm/5MHz can be achieved for 23dBm PA output power for any uplink resource allocation.
· -15.5dBm/5MHz can be achieved for 25dBm PA output power with some restrictions (the maximum allowed uplink resource block number is about 50 RBs).

· -15.5dBm/5MHz can not be achieved for 27dBm PA output power for any uplink resource allocation.

· In the spurious emission region
· -40dBm/MHz can be achieved for 23dBm and 25dBm PA output power for any uplink resource allocation.
· -40dBm/MHz can not be achieved for 27dBm PA output power if the allocated uplink resource block number exceeds 56 RBs.

3 Filter performance
Figure 3 gives an example of TDD implementation option with shared Tx/Rx filters through a TR switch. There are a number of elements to be considered to evaluate the overall insertion loss on the Tx chains including filter, antenna switch, TR switch and etc. According to [1], the equivalent loss for a TR switch is 0.6dB and the insertion loss for antenna switch is about 1.3dB for Band 38. 
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Figure 3 TDD implementation option with shared Tx/Rx filters through a TR switch
According to some vendor’s product specification, a Band 38 SAW filter could only provide several dBs rejection in 2635 to 2680MHz which could not help reduce the spurious emissions. A simulated filter response of a Band 38 FBAR filter over a -15 ºC to 85 ºC temperature range is shown in figure 4 [2]. The spurious emission can be reduced a lot by implementing this filter. However, the insertion loss in 2570 to 2620 MHz is about 3.5dB which will impact the output power a lot. 
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Figure 4 A Band 38 FBAR implementation (simulated data)
The total insertion loss is about 5.4dB if FBAR filter is implemented which will impact the output power a lot. To meet the maximum output power requirements, the PA output power should be at least 26.4dBm. However, seen from figure 1, the -15.5dBm/5MHz out-of-band emission requirement can not be satisfied for 27dBm PA output power even for 1 PRB allocation. The output power as well as the cell coverage will be impacted significantly. An alternative solution is to relax the OOB emission requirements. However, it will damage the performance of adjacent frequency operations. The same problem should also be carefully considered for Band 7 terminal if FBAR duplexer is implemented. 

Observation

· SAW filter can not help reduce the spurious emissions.
· FBAR filter can reduce the spurious emissions. However, the insertion loss is too big to be accepted. The PA had to generate more power to support normal coverage which will increase the power consumption and the OOB emissions as well.

4 UE to UE interference analysis

We will use deterministic analysis approach to evaluate the UE to UE interference. The maximum allowed interference power spectral densities is -105dBm/MHz assuming 9dB UE noise floor and 3dB allowed noise rise due to interference. 
In our analysis we assume free space path loss between two terminals. The equation for free path loss is computed from the standard free-space loss equation. The path loss is 40dB in 1 meter separation distance in 2600MHz frequency. 
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In [3], the antenna loss, body and loss are assumed to be 8dB (per UE) for operating frequency above 1GHz. Furthermore, based on the test in [4], the typical antenna plus hand loss values are about 40dB in 2600MHz frequency. Therefore, the required spurious emission requirement is -25dBm/MHz (-105 + 40dB + 40dB = -25dBm/MHz). 
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Figure 5 Test results of antenna + hand loss in [4]
Observation

· Considering antenna, hand and head loss in real operation scenarios, spurious emission requirement of -30dBm/MHz seems to be acceptable for 2600MHz operating frequencies.
5 Conclusion
It is observed that tighter spurious emission requirements can be met if FBAR filter is implemented. However, the insertion loss is too big to be accepted. The PA had to generate more power to support normal coverage which will increase the power consumption and the OOB emissions as well. Taking the antenna, hand and head loss in real operation scenarios into account, spurious emission requirement of -30dBm/MHz is proposed for 2600MHz operating frequencies.
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