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1. Introduction
RAN4#76 approved a way forward of [1] where the followings were proposed.

Proposal-1: Maximum two band CA configurations and up to 5CCs (one licensed CC and maximum 4 unlicensed CCs) are considered in Rel-13 timeframe.

Proposal-2: Consider both contiguous and non-contiguous intra-band CA for unlicensed band when more than one unlicensed carrier is aggregated in unlicensed spectrum.

Proposal-3: In the first step of LAA work, consider the bands 1, 2, 3, 4, 7, 41 and 42 for LAA operations in 5GHz

Proposal-4: If requirements for one of the combinations with at least 1 licensed carrier and 1 unlicensed carrier are completed, then WI can be completed.
In this contribution, we share our views on some UE RF requirements for CA of Band 1 and LAA operation in 5GHz and Band 3 and LAA operation in 5GHz.
2. Discussion
2.1. Filter characteristics
2.1.1. Diplexer characteristic
To derive appropriate requirements for Tx and Rx for CA of B1+5GHz and CA of B3+5GHz, we share the measurement data and its specifications for three diplexers.

2.1.1.2 Filter vendor A
Table 2.1.1.2-1: Diplexer measurement data by vendor A

	items
	Target Tentative specification(dB)
Ta=-40～+85degC for IL only
	Measured Data(dB)
Ta=+25degC

	low
	Insertion Loss(699-960MHz)
	0.40 max
	0.15 typ

	
	Insertion Loss(1558-1610MHz)
	0.50 max
	0.28 typ

	
	Insertion Loss(1710-2170MHz)
	0.55 max
	0.40 typ

	
	Insertion Loss (2300-2500MHz)
	0.60 max
	0.44 typ

	
	Insertion Loss (2500-2690MHz)
	0.80 max
	0.60 typ

	
	Attenuation(4900-6000MHz)
	26 min
	32.3 typ

	High
	Insertion Loss (4900-5950MHz)
	0.8 max
	0.45 typ

	
	Attenuation(30-2700MHz)
	32 min
	34.7 typ
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Figure 2.1.1.2-1: Diplexer measurement data by vendor A
2.1.1.3 Filter vendor B

Table 2.1.1.3-1: Diplexer measurement data by vendor B
	items
	Target Tentative specification(dB)
Ta=-40～+85degC for IL only
	Measured Data(dB)
Ta=+25degC

	low
	Insertion Loss at Pass band 1(791-2690MHz)
	0.7 max
	N/A

	
	Insertion Loss (1710-2170MHz)
	0.45 max
	N/A

	
	Attenuation (5150-5850MHz)
	27 min
	34

	
	Attenuation (5850-6000MHz)
	20 min
	31

	High
	Insertion Loss (5150-5850MHz)
	1.5 max
	N/A

	
	Insertion Loss (5850-5950MHz)
	1.7 max
	N/A

	
	Attenuation (800-2500MHz)
	25 min
	45

	
	Attenuation (1710-2170MHz)
	50 min
	N/A
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Figure 2.1.1.3-1: Diplexer measurement data by vendor B

It should be noted that this diplexer can provide attenuation of 50 dB at minimum to lower bands such as Band 1 and Band 3. That means this diplexer would not require BPF for 5 GHz spectrum since the diplexer itself can undertake a role for the BPF. When we derive the final relaxation values, this should be taken into account as one of the aspects. 
2.1.1.4 Filter vendor C

Table 2.1.1.4-1: Diplexer measurement data by vendor C

	items
	Target Tentative specification(dB)
Ta=-40～+85degC for IL only
	Measured Data(dB)
Ta=+25degC

	low
	Insertion Loss (1427.9 ~ 2690MHz)
	N/A
	0.25 typ

	
	Insertion Loss (1710-2170MHz)
	0.5 max
	N/A

	
	Attenuation (5150-5925MHz)
	25 min
	N/A

	High
	Insertion Loss (5150-925MHz)
	1.1 max
	N/A

	
	Attenuation (1-2700MHz)
	N/A
	32.5 typ

	
	Attenuation (1710-2170MHz)
	35 min
	N/A


2.1.1.5   Summary of diplexer data
In section 2.1.1.2, 2.1.1.3 and 2.1.1.4, we shared three practical diplexer data. 

For the averaged IL for Band 1 and Band 3 frequency

 The derived value is 0.48 dB.  The value is quite close to what we assumed when we generated delta TIB and TIB for inter band CA including 3.5 GHz. Thus, we propose the following.

· Proposal 1: For relaxation values for Band 1 and Band 3, delta TIB should be 0.3 dB and delta RIB should be 0 dB.
For the averaged IL for 5GHz spectrum
For the average IL for 5GHz spectrum, the derived value is 0.95 dB ((0.8+1.1)/2).  As mentioned in subsection 2.1.1.3, the diplexer IL from vendor B would not require BPF for 5GHz spectrum. This solution should be also taken into account for the future discussion as much as possible. In our understanding, however, the relaxation value for 5GHz cannot be derived from only diplexer data since it is affected by BPF (if necessary), line loss and so on. Thus, we need further study to derive the final relaxation value. It should be also noted that it would be better to define reasonable values not to affect the RF performance for the existing licensed bands as much as possible.

· Proposal 2: For relaxation values for 5 GHz spectrum, further discussion is needed by taking the provided data in this contribution into account.
2.2. Handling of Harmonic trap filter

In [2], available frequency range in each country is illustrated in Figure 2.2-1 (Figure 1 in [2]).
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Figure 2.2-1: Spectrum allocation illustrated in [2]

With respect to Band 1 and Band 3, the 3rd harmonic falls into a part of 5150-5925 MHz, respectively as illustrated in Figure 2.2-2.
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Figure 2.2-2: Impact of the 3rd harmonic from B1 and B3 on LAA frequency

Notice that in Figure 2.2-2, we assume the worst case that the entire 20 MHz generates 3rd harmonic whose total frequency range is 60 MHz although some may think that in practice it should be 18 MHz x 3 = 54 MHz in theory. 
It should be also noted that the affected frequency range may be larger than that in Figure 2.2-2. This may happen when the 3rd harmonic falls into over multiple channels for LAA.

Nonetheless, the point is that it seems available frequency range not impacted by 3rd harmonic caused by Band 1 or Band 3 is still large. In addition, if UEs support “both Band 1 + 5GHz and Band 3 + 5GHz” or “Band 1 + Band 3 + 5GHz”, eNB can have more flexible scheduling to avoid 3rd harmonic.

Moreover, even if we assumed to apply harmonic trap filter to these CA configurations, the function might not always provide expected gain in practical network compared to those for licensed network. With this in mind, we believe that it is more reasonable not to apply harmonic trap filter to Band 1 and Band 3 at the sacrifice of the performance of Band 1 and Band 3.
· Proposal 3: Do not apply harmonic trap filter to Band 1 + 5GHz and Band 3 + 5GHz CA cases.
2.3. Handling of MSD requirements

If harmonic trap filter is not applied, the next aspect we need to take into account would be whether we specify MSD requirements or not for CA of Band 1 + 5GHz and CA of Band 3 + 5GHz, respectively. There are some CA configurations which have harmonic issues but not have MSD requirements in TS 36.101. 
Here we take CA_3A-8A as one of the examples. When we decided that we don’t apply harmonic trap filter as well as not introduce MSD requirements to this CA configuration, the justification was that there are no operators whose actual spectrum holdings have harmonic issues at least at that time. Thus, even if we specified MSD requirements, any operators would not have any opportunities to use the MSD requirements as a reference for their network optimization.
The cases for Band 1 + 5GHz and Band 3 + 5GHz, however are in different situation since operators are still able to use a part of spectrum where harmonic falls into, specifically when DL signal level is sufficiently high and/or the output power of Band 1 and Band 3 is sufficiently low. Thus, we believe that the MSD requirements should be specified at least for Band 1 + 5GHz and Band 3 + 5GHz cases. We also believe that the requirements do not have to be stringent but rather have to be reasonable not to affect the performance for existing licensed bands as much as possible.

· Proposal 4: Specify MSD requirements for Band 1+5GHz and Band 3+5GHz CA cases with reasonable requirements not to affect the performance of the existing licensed bands.
3. Conclusion
In this contribution, we discussed UE RF requirements for B1+5GHz and B3+5GHz combination. As a result we propose the followings.

· Proposal 1: For relaxation values for Band 1 and Band 3, delta TIB should be 0.3 dB and delta RIB should be 0 dB.
· Proposal 2: For relaxation values for 5 GHz spectrum, further discussion is needed by taking the provided data in this contribution into account.
· Proposal 3: Do not apply harmonic trap filter to Band 1 + 5GHz and Band 3 + 5GHz CA cases.
· Proposal 4: Specify MSD requirements for Band 1+5GHz and Band 3+5GHz CA cases with reasonable requirements not to affect the performance of the existing licensed bands.
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