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1. Introduction
RAN#67 approved a way forward [1] on the procedure to clarify which band(s) shall be required to be mandatorily supported as PCell by the UE supporting certain CA configurations. Accordingly, in the RAN4#74BIS and RAN4#75, there were several contributions [2-5] on this topic. Specifically, when the contribution of [5] was discussed in the RAN4#75 meeting, the following was captured in the way forward of [6]. 

PCell mandatory support for CA_1A-3A and its related 3DLC CA configurations will be discussed in RAN4#76 based on the consideration of the status of the associated devices such as the latest Quadplexer performance.
In this contribution, we further discuss handling of PCell support for CA_1A-3A for 2DL/1UL CA based on the latest Quadplexer performance of the CA configuration.
2. Discussion

2.1. The latest Quadplexer performance

2.1.1. Comparison of Rx Isolation 
In order to better understand the latest performance of the Quadplexer of CA_1A-3A, we have contacted three device vendors. In our understanding, the point to be discussed is whether or not the performance of the latest commercially available devices does match the simulation results that were used as a basis when the current requirements for this CA configuration were introduced. For this purpose, we refer to the averaged values in a contribution [7] that usefully summarizes the simulation results from individual companies as follows.

Table 2.1.1-1: Summary of the data provided by individual companies [7]

	
	Additional IL
	Rx Isolation

	
	B1 Tx
	B1 Rx
	B3 Tx
	B3 Rx
	B1 Tx to B1 Rx
	B1 Tx to B3 Rx
	B3 Tx to B3 Rx
	B3 Tx to B1 Rx

	Average
	0.71
	0.66
	0.56
	0.76
	53.8
	48.4
	52
	52


Notice that for the additional insertion loss, it would be challenging to directly compare the values in the above table with those of the latest Quadplexer data summarized in Table 2.1.1-2 since the additional insertion loss depends on the individual duplexer(s) that is (are) referred to when the difference is derived. With that in mind, we simply capture the IL itself in the Table. 
. Table 2.1.1-2: Summary of the data provided by individual companies [7]

	
	IL(dB)
	Rx Isolation(dB)

	Vendor
	B1 Tx
	B1 Rx
	B3 Tx
	B3 Rx
	B1 Tx to B1 Rx
	B1 Tx to B3 Rx
	B3 Tx to B3 Rx
	B3 Tx to B1 Rx

	A
	2.6
	3.2
	2.8
	4.5
	51
	47
	52
	50

	B
	2.6
	3.0
	3.7
	3.9
	55
	55
	50
	55

	C
	2.1
	2.5
	3.5
	4.0
	55
	55
	55
	55

	Average
	2.43 
	2.90 
	3.33 
	4.13 
	53.7 
	52.3 
	52.3 
	53.3 

	Comparison with Table 2.1.1-1
	0.1 
	-3.9 
	-0.3 
	-1.3 


For Rx Isolation, it seems that the performance of the commercially available Quadplexers can match what we assumed when we introduced the associated requirements for CA_1A-3A.

· Observation 1: For Rx Isolation, the performance of at least some commercially available Quadplexer does match the simulation results that were used as a basis to derive the currently specified requirements for CA_1A-3A.
2.1.2. Comparison of additional IL 

To take the additional insertion loss aspect into account, firstly, some duplexer data for Band 1 and Band 3 from respective vendors are provided and summarized in Table 2.1.2-1, where both the average IL and additional IL are derived for respective vendors. Notice that the same vendor has several types of duplexers for respective bands. For instance, for vendor A’s Band 1 duplexer in Table 2.1.2-1, we have collected two types of Band 1 duplexers which have different data sheet, respectively. 
Table 2.1.2-1: Summary of the duplexer data for Band 1 and Band 3
	Vendor A
	duplexer type
	Band 1
	　
	duplexer type
	Band 3

	
	
	Tx IL(dB)
	Rx IL(dB)
	
	
	Tx IL(dB)
	Rx IL(dB)

	
	1
	1.80 
	2.30 
	
	1
	2.50 
	3.50 

	
	2
	2.00 
	2.10 
	
	2
	2.50 
	3.80 

	
	Average
	1.90 
	2.20 
	
	Average
	2.50 
	3.65 

	
	Additional IL
	0.70 
	1.00 
	
	Additional IL
	0.30 
	0.85 

	　

	Vendor B
	1
	2.00 
	2.20 
	　
	1
	3.00 
	3.50 

	
	2
	2.30 
	2.40 
	
	2
	3.00 
	3.50 

	
	3
	2.40 
	2.50 
	
	3
	2.90 
	2.90 

	
	4
	1.90 
	2.50 
	
	N/A
	N/A
	N/A

	
	Average
	2.15 
	2.40 
	
	Average
	2.97 
	3.30 

	
	Additional IL
	0.45 
	0.60 
	
	Additional IL
	0.73
	0.60 

	　

	Vendor C
	1
	2
	2.3
	　
	1
	3.5
	4

	
	Average
	2
	2.3
	
	Average
	3.5
	4

	
	Additional IL
	0.10 
	0.20 
	
	Additional IL
	0.00 
	0.00 


Table 2.1.2-2 shows the averaged additional insertion losses of the respective vendors extracted from Table 2.1.2-1 and the averages of the respective additional ILs across the vendors and compares them with the corresponding simulation results given in Table 2.1.1-1.
Table 2.1.2-2: Comparison of the additional insertion loss
	Vendor
	Additional IL(dB)
	Comparison with Table 2.1.1-1

	
	B1 Tx
	B1 Rx
	B3 Tx
	B3 Rx
	B1 Tx
	B1 Rx
	B3 Tx
	B3 Rx

	A
	0.70 
	1.00 
	0.30 
	0.85 
	0.01 
	-0.34 
	0.26 
	-0.09 

	B
	0.45 
	0.60 
	0.73 
	0.60 
	0.26 
	0.06 
	-0.17 
	0.16 

	C
	0.10 
	0.20 
	0.00 
	0.00 
	0.61 
	0.46 
	0.56 
	0.76 

	Average
	0.42 
	0.60 
	0.34 
	0.48 
	0.29 
	0.06
	0.22 
	0.28 


For additional insertion loss, it also seems that the performance of some commercially available Quadplexers does match the level we expected when we introduced the requirements.
· Observation 2: For additional insertion loss, the performance of at least some commercially available Quadplexers does match the simulation results that were used as a basis to derive the currently specified requirements for CA_1A-3A.

2.2. Implementation aspect

As pointed out in [5], for UEs to support CA_1A-3A, they need to implement Quadplexer to obtain cross isolation between the two bands. The point is this device is completely the CA configuration specific. In addition, this device needs to be implemented regardless of both bands to be PCell or either of bands to be PCell. 

· Observation 3: Regardless of both bands to be PCell or either of bands to be PCell, CA_1A-3A specific devices shall be implemented.
Moreover, even if only either of bands becomes PCell, pain due to the introduction of the Quadplexer such as larger IL in some cases, cost, new RF front end design and so on compared to those for respective Band 1 and Band 3 devices still remains. 

For example, if only Band 3 becomes PCell, the Band 1 front end detailed design with the Quadplexer may be completely different from that with the Band 1 duplexer since even if UEs don’t support Band 1 PCell, they support LTE Band 1.
· Observation 4: Even if either of the bands does not become PCell, the band will experience the challenges coming from the Quadplexer when the band works as single LTE.

Thus, it is quite logical and reasonable to make maximum use of this device as much as possible once UEs implement it. 
Furthermore, without both bands’ PCell support, the probability of the UEs to use CA may be reduced by half compared to  the  UEs with both band’s PCell support.

· Observation 5: Not supporting both bands to become PCell would reduce the probability for the UEs to be configured as CA while the users need to buy terminals with expensive devices and lower radio performance.
In other words, we cannot recoup the initial investment and cannot mitigate or tolerate the pain by obtaining what we really want. 

Finally, as discussed in [6], whether 3DL/2UL CA including CA_1A-3A needs to always support CA_1A-3A or not as 2UL CA is on a different level compared to this 2DL/1UL discussion.

· Observation 6: Whether 3DL/2UL CA including CA_1A-3A needs to always support CA_1A-3A or not as 2UL CA is on a different level compared to this 2DL/1UL discussion. In short, the former is more challenging.
2.3. Summary
From the above Observation 1 and 2, it can be concluded that from device feasibility perspective, currently available devices can provide the performance we expected when we introduced the associated requirements for CA_1A-3A. In addition, from the Observation 3 to 6, we can see several justifications to make PCell support on both bands mandatory for CA_1A-3A in terms of UE implementations. Thus, we propose the following.
· Proposal: 
· Both Band 1 and Band 3 shall be able to become PCell for CA_1A-3A.
3. Conclusion
In this contribution, we further discussed handling of PCell support for CA_1A-3A for 2DL/1UL CA. As a result, we obtained the six observations as follows. 
· Observation 1: For Rx Isolation, the performance of at least some commercially available Quadplexers does match the simulation results that were used as a basis to derive the current requirements for CA_1A-3A.

· Observation 2: For additional insertion loss, the performance of at least some commercially available Quadplexers does match the simulation results which were used as a basis to derive the currently specified requirements for CA_1A-3A.
· Observation 3: Regardless of both bands to be PCell or either of bands to be PCell, CA_1A-3A specific devices shall be implemented.
· Observation 4: Even if either of the bands does not becomes PCell, the band will experience the challenges coming from the device when the band works as single LTE.

· Observation 5: Not supporting both bands to become PCell would reduce the probability for the UEs to be configured as CA while the users need to buy terminals with expensive devices and lower radio performance.
· Observation 6: Whether  3DL/2UL CA including CA_1A-3A needs to always support CA_1A-3A or not as 2UL CA is on a different level compared to this 2DL/1UL discussion. In short, the former is more challenging.
From the Observation 1 and 2, it can be concluded that from device feasibility perspective, currently available devices can provide the performance we expected when we introduced the associated requirements for CA_1A-3A. In addition, from the Observation 3 to 6, we can see several justifications to make PCell support on both bands mandatory for CA_1A-3A in terms of UE implementations. Thus, we propose the following.
· Proposal: 
· Both Band 1 and Band 3 shall be able to become PCell for CA_1A-3A.
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