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1. Introduction

In previous RAN4 meetings, how to handle UE RF requirements associated with the 3.5GHz bands, in particular, for CA_1-42, has been intensively discussed. There have been different views on these requirements, such as we should take into account a whole picture of not only specific to CA_1-42 but also impact on the agreements on the other requirements associated with other inter-band CA configurations. This is due to the fact that CA_1-42 was the first CA configuration associated with the 3.5 GHz bands. Eventually the CA configuration could not be completed in the RAN#64. In the meantime, WIs for CA_1-42-42, CA_3-42-42 and CA_19-42-42 were proposed and approved in the RAN#64. 
In this contribution, we discuss relaxation values for these three CA configurations taking into account a triplexer-based approach as well as a separate antenna-based approach.
2. Discussion

2.1. Brief overview
At first, we aimed to handle the requirements for CA_1-42 in a specific manner, i.e., associated requirements should be defined based on the data specific to this CA configuration. In practice, in current RAN4, for any CA configurations other than those belonging to the low/high configuration ((i) one band is <1GHz and another band is >1.7GHz and <2.7 GHz and (ii) there is no harmonic relationship between the low band UL and high band DL), we study and conclude the requirements based on diplexer and/or quadplexer data specific to certain CA configurations. With this mind, we believe that it is natural to handle CA_1-42 in the same manner since this CA configuration does not belong to the high/low configuration.

In the RAN4 meetings, however, it was pointed out that we should take into account the fact that the 3.5 GHz band was not taken into account in the agreement on relaxation values for the high/low configuration since this agreement took care of up to 2.7 GHz bands. 

In parallel, there was a contribution to indicate that there is a possibility that we can handle CA configurations, which use the 3.5 GHz band and a band other than 3.5 GHz in a similar manner as adopted in the high/low configuration by assuming a use of triplexer [1].

In this contribution, by investing a use of triplexer, we aim to find a possibility to apply the same rule as in the high/low configuration to the CA configurations  for CA_1-42, CA_3-42, and CA_19-42 as much as possible. In addition, we discuss an approach based on separate antennas as one of the solutions.
Note that this contribution does not have any intentions to generate a general rule to apply any CA configurations including 3.5 GHz. That means that we only focus on CA_1-42, CA_3-42 and CA_19-42.
2.1.1. Relaxation values from operational point of view
Before entering on technical discussion on triplexer-based approach, etc., we share our view on the relaxation values from operational point of view. The most important thing we would like to share is that it is essential to keep the same coverage areas as much as possible in any operating bands specifically which have already been deployed irrespective of CA configurations, since it would be quite challenging and not practical to change radio coverage network design many times. With this in mind, our understanding is that practically, to reach an agreement between operators and vendors on the relaxation values including the 3.5 GHz bands, how to handle the amount of relaxation values for the existing bands belonging to the low/high combinations would be a key issue.
· Observation 1: When considering the relaxation values including the 3.5GHz bands, maintaining the agreed amount of relaxation values for the low/high configurations ((i) one band is <1GHz and another band is >1.7GHz and <2.7 GHz and (ii) there is no harmonic relationship between the low band UL and high band DL) is one of the key issues to reach a consensus between operators and vendors.
2.1.2. Triplexer-based approach
In this section, firstly, we define a use of terminology “Low/Mid/High” as illustrated in Figure 2.1.2-1. That means hereafter we use the “Low/Mid/High” expression for a triplexer use to distinguish from the “low/high” expression for a diplexer use.
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Figure 2.1.2-1:  Definition of Low/Mid/High for a triplexer use
Secondly, in principle, at least the following two approaches could be considered for a triplexer design.

· Approach 1: prioritizing Mid
· As a side effect, IL and isolation for High from Approach 1 would not be better than those for High from Approach 2.
· Approach 2: prioritizing High
· As a side effect, IL and isolation for Mid would not be better than those for Mid from Approach 1.
The Tables 2.1.2-1 and 2.1.2-2 provide the data of ILs and isolations for a triplexer designed based on the Approaches 1 and 2, respectively. Note that each triplexer data can have at least 15 dB isolation between Low, Mid and High at ETC.
Table 2.1.2-1: Triplexer data based on the Approach 1 (ETC)
[image: image2.jpg]Vendor Frequency range(MHz) / IL(dB)
F <960 1710 < F <1920 1920 < F <2496 2496 < F <2690 F > 3400
A 0.80 0.70 0.70 1.20 1.30
B 0.55 0.90 0.75 0.90 1.10
€ 0.50 0.65 0.65 0.95 1.30
Average 0.62 0.75 0.70 1.02 113
Median 0.55 0.70 0.70 0.95 1.10




 
Table 2.1.2-2: Triplexer data based on the Approach 2 (ETC)
[image: image3.jpg]Vendor

Frequency range(MFz) / IL(dB)

F <960 1710 < F <1920 1920 < F <2496 2496 < F <2690 F >3400
A 1.00 0.80 0.80 1.10 1.10
B 0.65 0.90 0.85 1.30 0.85
€ 0.50 0.65 0.65 0.95 1.10
Average 0.72 0.78 0.77 1.12 1.02
Median 0.72 0.80 0.80 1.10 0.85





Comparison of ILs between the Approaches 1 and 2
It can be seen that as a result of the prioritizations, ILs of the Approach 1 for Low and Mid are slightly smaller than those of the Approach 2. On the other hand, ILs of the Approach 1 for High are slightly larger than those of the Approach 2.

Comparison of ILs between triplexer based on the Approach 1 and diplexer in [2]
Even if a triplexer is assumed as one of the implementations for CA_1-42-42, CA_3-42-42 and CA_19-42-42, the ILs for Band 1, Band 3 and Band 19 coming from the triplexer are quite close to those for a low/high diplexer as shown in Table 2.1.2-3 in [2]. 

Table 2.1.2-3: Diplexer data from [2] (ETC)

[image: image4.jpg]Diplexer Frequency range(MHz) / IL(dB)
F <960 1710 < F < 2690
B4+B17 0.44 0.58
B1+BS 0.49 0.58
B4+B13 0.48 0.72
Average 0.47 0.63
Median 0.48 0.58




 

Some may think that the ILs for Mid from triplexer would be larger than those for high from diplexer in [2]. However, we would like to point out that there are several existing commercially available diplexer products which have similar ILs for high as summarized in Table 2.1.2-4.
From the data in Table 2.1.2-4, it can be seen that IL of 1.02 dB for Mid for the triplexer in Table 2.1.2-1 is practically available even if a diplexer is replaced with a triplexer with the same relaxation values. Furthermore, if we focus on ILs associated with Band 1, Band 3 and Band 19 for the triplexer, the respective averaged IL is 0.7 dB, 0.75 dB and 0.62 dB. Therefore, our understanding is that the same amount of relaxation values for the low/high configuration is applicable to these three bands for CA_1-42-42, CA_3-42-42 and CA_19-42-42. That means that ΔTIB,c and ΔRIB,c is 0.3 dB and 0 dB, respectively.

· Observation 2: The triplexer approach can achieve the currently specified ΔTIB,c = 0.3 dB and  ΔRIB,c = 0 dB for the bands other than Band 42 belonging to CA_1-42-42, CA_3-42-42 and CA_19-42-42.
· Proposal 1: ΔTIB,c = 0.3 dB and  ΔRIB,c = 0 dB for the bands other than Band 42 belonging to CA_1-42-42, CA_3-42-42 and CA_19-42-42.

· Note that CA_3-42-42 has the harmonic issue coming from Band 3 transmission. Therefore, the final relaxation values should be separately concluded based on the decision if additional relaxation due to LPF is applied or not in addition to the above 0.3 dB and 0 dB in the other contribution[3].
Table 2.1.2-4: Existing commercially available diplexer data 
	Product
	
	Item
	Freq(MHz)
	Spec(dB)
	Remark

	A
	Common Port - Higher Freq. Port
	IL
	1710-2690
	0.7
	

	
	
	Attenuation
	698-960
	25
	

	
	Common Port - Lower Freq. Port
	IL
	698-960
	0.5
	

	
	
	Attenuation
	1710-2690
	12
	

	B
	Common Port - Higher Freq. Port
	IL
	1710-2170
	0.5
	[4]

	
	
	
	2170-2690
	1.2
	

	
	
	Attenuation
	704-960
	17
	

	
	Common Port - Lower Freq. Port
	IL
	704-960
	0.3
	

	
	
	Attenuation
	1710-2170
	15
	

	
	
	
	2170-2690
	13
	

	C
	Common Port - Higher Freq. Port
	IL
	1710-2200
	0.7
	

	
	
	
	2200-2690
	0.9
	

	
	
	Attenuation
	699-960
	25
	

	
	Common Port - Lower Freq. Port
	IL
	699-960
	0.65
	

	
	
	Attenuation
	1710-2690
	25
	

	D
	Common Port - Higher Freq. Port
	IL
	1710-1800
	0.7
	

	
	
	
	1800-1990
	0.6
	

	
	
	
	1990-2170
	0.55
	

	
	
	
	2170-2690
	1.4
	

	
	
	Attenuation
	704-960
	20
	

	
	Common Port - Higher Freq. Port
	IL
	704-960
	0.5
	

	
	
	Attenuation
	1710-2170
	15
	

	
	
	
	2170-2690
	10
	


2.1.3. Separate antenna-based approach
In previous RAN4 meetings, there was such an opinion in offline discussion that the requirements associated with the inter-band CA associated with the 3.5GHz bands should be based on a separate antenna approach as illustrated in Figure 2.1.3-1. Our understanding is that the motivation of the proposal comes from the belief of the proponents that we can handle the amount of the relaxation values to be 0 dB since the isolation between two bands can be obtained not by diplexer or quadplexer but rather by two separate antennas. Note that this idea itself is not a new one. The current requirements for inter-band CA, however, are not based on this approach.

· Observation 3: The current requirements for inter-band CA are not based on the separate antenna approach.
· Note that the implementation itself is not precluded in our understanding.
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Figure 2.1.3-1:  Triplexer and separate antenna approach
Next, we compare the separate antenna-based approach with the triplexer-based approach from several perspectives to facilitate more accurate understanding.
NF perspective
In principle, NFs based on the separate antenna approach would be smaller than those based on the triplexer-based approach.  
· The separate antenna approach, however, may not always provide sufficient isolation between bands due to implementation constraints, such as UE design and volume etc. In some cases, the separate antenna-based approach may require additional ILs for filter and/or duplexer depending of FDD or TDD bands due to necessity of additional attenuation to compensate for the less isolation outside RF circuit. 
UE design, volume and antenna gain perspecive
Depending on the extent of the isolation, the degree of freedom for UE design, volume and antenna gain for the separate antenna-based approach may be smaller than that for the triplexer-based approach. 
· For the triplexer-based approach, isolation between bands is obtained through triplexer characteristics. Therefore, terminal vendors can focus on designing its size, form and antenna gains etc. On the other hand, for the separate antenna-based approach, achievable isolation effect should be taken into account as well in terminal designs. As a result, this approach would produce a complicated trade-off between the antenna gain, isolation, form and antenna space etc. For instance, if we aim to obtain large antenna gain, in principle, it is likely to lose its isolation between bands. If the antenna space is smaller, isolation would become smaller etc. 
· Note that there are also many other factors other than those discussed above, such as frequency, its TRP, TRS requirements etc.
Total UE RF performance perspective
Depending on conditions, total UE RF performance would be affected as we already discussed in the NFs and UE design, volume and antenna gain perspectives.

· For instance, if terminal volume is prioritized and limited in some products, it would be challenging to obtain sufficient isolation by the separate antenna approach. In this case, the triplexer-based approach may be a better approach. If, however, the limitation due to the volume is not stringent in some products, the separate antenna solution may become a better approach. Therefore, how to appropriately apply these approaches would depend on what is aimed as a top priority in UE products design.
Frequency perspective
It would be likely to apply the separate antenna-based approach to CA configurations, where one of the operating bands belonging to the CA configurations employs higher frequency. This is because it is easier to make antenna size for the higher frequency bands smaller while keeping practical antenna gain. However, even this case may generate negative impacts on the antenna performance for the lower bands if the volume, form and design are limited. 
· Observation 4: Compared to a triplexer-based approach, a separate antenna-based approach can be more suitable or not suitable depending on targets for a certain UE product.
2.1.4. Handling of IL for Band 42
From the data in Table 2.1.2-1, the averaged IL for Band 42 is 1.23 dB. Thus, if we straightforwardly apply the “shared pain approach” to this IL, then, the relaxation value is 0.6 dB. From the other perspective, we should also keep implementation aspects open, i.e., UE vendors would select a separate antenna approach in real UE design or not. That means even vendors select the separate antenna approach, they can apply ΔTIB,c and ΔRIB,c to the respective band. That means that they can have freedom of choice to select either approach (triplexer approach or separate antenna approach). Moreover, it may be said that they can have some advantage on freedom of choices for selections. Considering the situation, we propose ΔTIB,c and ΔRIB,c is 0.6 dB and 0 dB for Band 42.
· Observation 5: Vendors can have freedom of choice to select either of the separate antenna approach or the triplexer approach if we specify the requirements based on the triplexer approach, specifically for CA configuration including higher frequency bands. In addition, even the separate antenna approach is selected, the same requirements for ΔTIB,c and ΔRIB,c should be applied.
· Proposal 2: ΔTIB,c and ΔRIB,c are 0.6 dB and 0 dB for Band 42 belonging to CA_1-42-42, CA_3-42-42 and CA_19-42-42.
3. Conclusion
In this contribution, we discussed how to handle the amount of relaxation values for CA_1-42-42, CA_3-42-42 and CA_19-42-42 based on the triplexer and separate antenna approaches. As a result, we obtained the following seven observations and two proposals.

· Observation 1: 
· When considering the relaxation values including the 3.5GHz bands, maintaining the agreed amount of relaxation values for the low/high configurations ((i) one band is <1GHz and another band is >1.7GHz and <2.7 GHz and (ii) there is no harmonic relationship between the low band UL and high band DL) is one of the key issues to reach a consensus between operators and vendors.
· Observation 2: 
· The triplexer approach can achieve the currently specified ΔTIB,c = 0.3 dB and  ΔRIB,c = 0 dB for the bands other than Band 42 belonging to CA_1-42-42, CA_3-42-42 and CA_19-42-42.

· Observation 3: 
· The current requirements for inter-band CA are not based on the separate antenna approach.
· Note that the implementation itself is not precluded in our understanding.
· Observation 4: 
· Compared to a triplexer-based approach, a separate antenna-based approach can be more suitable or not suitable depending on targets for a certain UE product.
· Observation 5: 
· Vendors can have freedom of choice to select either of the separate antenna approach or the triplexer approach if we specify the requirements based on the triplexer approach, specifically for CA configuration including higher frequency bands. In addition, even the separate antenna approach is selected, the same requirements for ΔTIB,c and ΔRIB,c should be applied.
· Proposal 1: 

· ΔTIB,c = 0.3 dB and  ΔRIB,c = 0 dB for the bands other than Band 42 belonging to CA_1-42-42, CA_3-42-42 and CA_19-42-42.

· Note that CA_3-42-42 has the harmonic issue coming from Band 3 transmission. Therefore, the final relaxation values should be separately concluded based on the decision if additional relaxation due to LPF is applied or not in addition to the above 0.3 dB and 0 dB in the other contribution[3].

· Proposal 2: 
· ΔTIB,c and ΔRIB,c are 0.6 dB and 0 dB for Band 42 belonging to CA_1-42-42, CA_3-42-42 and CA_19-42-42.
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