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1. Introduction
RAN#68 approved the WI for LAA [1]. According to [1], one of the RAN4 tasks is specifying a limited set of example band combinations including 5 GHz spectrum. In this contribution, we share potential issues on certain CA combinations including 5 GHz spectrum in terms of UE RF design. Note that the discussion is based on the condition that the 5 GHz band/bands definition should include DL only and UL/DL operations (without UL requirements being defined in Rel-13).
2. Discussion
2.1. Quadplexer with multilayer ceramics filter
One Part of the possible UE RF architectures would be using a Quadplexer with a multilayer ceramics filter just behind the antenna port. Notice that other implementations are not precluded as far as the associated requirements are met. Table 2.1-1 below presents a simulation result on this Quadplexer. 

Table 2.1-1: Simulation result for Quadplexer(Typical condition)
	Low band：699-960 MHz

	Insertion loss
	699-960 MHz(Low band)
	0.71
	dB

	Absolute attenuation
(low band)
	1398 - 1558 MHz
	11.7
	dB

	
	1558 - 1610 MHz
	23.8
	dB

	
	1710 - 3800 MHz
	28.4
	dB

	
	3800 - 5850 MHz
	31.8
	dB

	Mid band: 1710-2690 MHz

	Insertion loss
	1710-2170 MHz(Mid band)
	0.73
	dB

	
	2170-2690 MHz(Mid band)
	1.16
	dB

	Absolute attenuation
	699 - 960 MHz
	21.5
	dB

	
	3400 - 3800 MHz
	25.8
	dB

	
	3800 - 5850 MHz
	27.7
	dB

	High band: 3400-3800 MHz

	Insertion loss
	3400-3800 MHz(High band)
	1.36
	dB

	Absolute attenuation
	699 - 960 MHz
	27
	dB

	
	1710-2690 MHz
	28.5
	dB

	
	3800 - 5850 MHz
	24.2
	dB

	Very high band: 5150-5850 MHz

	Insertion loss
	5150-5850 MHz(Very high band)
	0.78
	dB

	Absolute attenuation
	699 - 960 MHz
	33.7
	dB

	
	1710-2690 MHz
	25
	dB

	
	3400-3800 MHz
	31
	dB


First, the data does not assume any extreme conditions including production variation and extreme temperature conditions. It can be seen that the insertion loss (IL) of a part of the Mid band of 2170-2690 MHz and the IL for High band are somewhat large while the IL for Very high band is not so much. With regard to the ILs for Low and the remaining part of the Mid (1710-2170 MHz) and High bands, the tendency is very similar to the cases of the triplexer for low (up to 960 MHz), mid (1710 - 2690 MHz) and high (3400 - 3800 MHz) bands.

When we introduced the requirements for CA combinations including 3.5 GHz, we left the handling of the IL for 2170-2690 MHz as a remaining issue due to the disagreement where some requested the same relaxation value as that for 1710-2170 MHz and others requested more relaxation than that for 1710-2170 MHz. Therefore, there would be a risk that the similar discussion can be foreseen and that it would take time to complete the work if we could assume CA combinations with LAA band and a band(s) within 2170-2690 MHz.

With respect to the High band, the IL is large as well. This aspect, however, has been already considered and reflected into the current requirements for CA combinations including 3.5 GHz. Thus, it would not be an issue in terms of relaxation discussion due to the amount of the IL for Quadplexer.
· Observation 1: It would take time to complete the specification of CA combination(s) with 5 GHz band(s) and band(s) whose frequency is within 2170 – 2690 MHz.
· A general agreement would be required on how to handle relaxation values for band(s) whose frequency is within 2170-2690 MHz.
2.2. 5 GHz BPF perspective
Another aspect we need to take into account would be the 5 GHz band pass filter (BPF) perspective. The BPF has to hold sufficient attenuation to the existing bands. Table 2.2-1 below shows measurement data on two BPF for 5 GHz spectrum by two device vendors. The 1st one from Vendor A is measurement data of practical device for which the specification has not been completed. Thus, we reflect possible specifications from the measurement data into the table. The 2nd one from Vendor B is already commercially available device, which has a complete specification. Some of the specifications, however, are not guaranteed under extreme temperature conditions.
Table 2.2-1: Measurement data for BPF for 5 GHz spectrum 
	Vendor A
(simulation data)
	　
	frequency
	TYP
	Possible specs(MIN)
	Possible specs(MAX)

	
	Insertion loss at pass band
	5150-5850 MHz
	1.56 dB
	-
	2 dB

	
	Attenuation
	1-3300 MHz
	41.1 dB
	35 dB
	-

	
	
	3300-3700 MHz
	37.1
	30 dB
	-

	
	
	3700-4000 MHz
	31.4
	25 dB
	-

	
	
	
	
	
	

	Vendor B
(available device data)
	　
	frequency
	TYP
	Spec(MIN)
	Spec(MAX)

	
	Insertion loss at pass band
	4900-5950 MHz
	1.9 dB
	-
	2.3 dB

	
	Attenuation
	1280 - 3300 MHz
	50 dBNote
	40 dBNote
	-

	
	
	3300-4000 MHz
	33 dBNote
	25 dBNote
	-


Note: The data is at 25 °C.

From the above data, the attenuation to 3300-4000 MHz ranges from 25 to 30 dB. Provided that isolation of 55 dB between bands would be necessary, the Quadplexer has to provide 30 to 25 dB under extreme conditions. If the target is 50 dB, it may be still an issue. 50 dB seems possible under typical conditions but more discussion and data would be required to conclude the feasibility and its reasonability under extreme conditions from Table 2.1-1 and 2.2-1. A troublesome issue for the discussion is that we need to consider additional insertion loss to obtain more attenuation for the Quadplexer and/or BPF as well as to determine how to balance between them.
· Observation 2: If we assume CA combinations between 3.5 GHz band and 5 G Hz band in the future, careful attention about isolation between bands would be necessary.

3. Conclusion
In this contribution, we discussed potential issues based on the use of the Quadplexer with a multilayer ceramic filter for CA combination including 5 GHz band just behind the antenna port. 

Generally speaking, obtaining certain isolations between bands is essential for the filter including the Quadplexer. This is the rationale for having the filter. If the Quadplexer can be one of the devices to realize CA including Low (up to 960 MHz), Mid (1710 - 2690 MHz), High (3400 – 3800 MHz) and Very high (5150 – 5950 MHz) bands, we need to assume certain isolation for respective operating bands and can derive the ILs and the associated requirements.

The obtained observation 1 and 2 below, however, can say that in case of CA combinations between 5 GHz band and the operating band(s) whose frequency is confined within 2170 and 3800 MHz, it would take time to finalize the requirements in a limited time. On the other hand, for CA combination between 5 GHz and the operating band(s) whose frequency is below 2170 MHz, we would be able to reuse the existing requirements. 

· Observation 1: It would take time to complete the specification of CA combination(s) with 5 GHz band(s) and band(s) whose frequency is within 2170 – 2690 MHz.

· A general agreement would be required on how to handle relaxation values for band(s) whose frequency is within 2170-2690 MHz.

· Observation 2: If we assume CA combinations between 3.5 GHz band and 5 GHz band in the future, careful attention about isolation between bands would be necessary.
Note that the relaxation value for 5 GHz band will need to be newly specified. Thus, we propose the following to complete the work item as scheduled.

· Proposal: Band(s) whose frequency is below 2170 MHz should be adopted as one of bands constituting CA combination with 5 GHz band.
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