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1. Introduction

The contribution [1] discussed 3DL CA and support of 2DL fallback together with associated bandwidth combination set. Although RAN4#70’s discussion focused on the handling of the bandwidth combination set, the contribution [1] also provided mandatory or optional issue regarding a support of constituent CA configurations for 3DL CA. In relation to this issue, this contribution indicated that “The specifications are written to enable all possible fallback modes.  The UE signals its capability and CA configuration support as usual.  The UE may or may not support all possible fallback modes”. We have, however, a different understanding on this issue. In this regard, we provide our view in order to realize a common understanding on what the current TS 36.101 requests in UE implementation. It should be noted that this issue is not specific to 3DL CA but also applicable to 2DL CA.
2. Discussion

Brief overview
As an example, a certain 3DL CA configuration of CA_X-Y-Z is considered here. In [1], the following considerations were presented.

------------------------------------------------------Start of an excerpt from [1]---------------------------------------------------------

As part of [RP-130872], agreement was reached that 3DL CA combinations would imply the constituent 2DL combinations; that is, CA_X-Y-Z would imply CA_X-Y, CA_X-Z, and CA_Y-Z.  However, while it is ensured that the specifications enable the ability for fallback to any combination, neither [R4-69AH-0023] nor [RP-130872] mandates that the UE support the constituent 2DL CA configurations.  This is especially evident when recognizing that each CA configuration is signaled separately and independently by the UE.

Two options are possible.  

1. The specifications are written to enable all possible fallback modes.  The UE signals its capability and CA configuration support as usual.  The UE may or may not support all possible fallback modes.

2. The UE is required to support all possible CA configuration fallback modes.

-------------------------------------------------------End of an excerpt from [1]---------------------------------------------------------

According to [1], the proponent indicates that the above option 1 is requested in TS 36.101. Our understanding is, however, the option 2 is requested. In the following section, we explain our considerations to justify our understanding.
Interpretation of TS 36.101
The interpretation issue in relation to TS 36.101 discussed in the Section 2.1 above is not specific to 3DL CA but also applicable to 2DL CA. Therefore, we would like to consider CA_1A-3A as one of the examples for 2DL CA, although this configuration is still under discussion in RAN4.  In the case of the option 1, the following three types of potential UE implementations in the Table 2.2-1 would be allowed in the future market.  We call such potential implementations as “CA configuration combination set”, hereafter.

Table 2.2-1: Possible CA configuration combination set

	CA configuration X-Y
	Operating band X
	Operating band Y
	CA configuration combination set

	
	Tx
	Rx
	Tx
	Rx
	

	CA_1A-3A
	YES
	YES
	
	YES
	0

	
	
	YES
	YES
	YES
	

	
	YES
	YES
	
	YES
	1

	
	
	YES
	YES
	YES
	2


We will present our considerations from the following several perspectives.
Operator point of view

As already mentioned in [1], from network load-balancing point of view, it is essential to support the CA configuration combination set “0”. 

· Observation 1: From network load-balancing point of view, it is essential that CA configuration combination set “0” is required.

UE capability point of view
It is true that the current 3GPP specification allows for a UE to declare its own capability according to the selected CA configuration combination set among the three sets in the case of Table 2.2-1. This, however, due to the situation that RAN2 specification needs to be developed for flexible handling of RAN4’s decision in the later stage since the RAN2 specification usually is fixed in advance before the RAN4 core specification is finalized. Thus, from UE capability specification point of view, we are not able to conclude that if CA configuration combination set “1” or “2” is mandated or not.

· Observation 2: From UE capability specification point of view, we cannot conclude that which CA configuration combination set is mandated or not in terms of the UE implementation.
UE RF specification point of view
It is expected that a quadplexer could be utilized as a solution for the CA_1A-3A implementation as that for CA_8A-20A, CA_2A-4A, etc. In this case, the relaxation values of the CA_1A-3A configuration would be based on the CA configuration combination set “0”. When we assume the CA configuration combination set “1”, this set “1” does not require Band 3 Tx in CA mode, however; from the RF device point of view, it does require Band 1 Tx in CA mode, which would lead to bottleneck for UE implementation as illustrated in Figure 2.2-1.
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Figure 2.2-1: Challenges to realize CA configuration combination set “0” and “1” for CA_1A-3A
As shown in Table 2.2-1, the set “1” can be regarded as a subset of “0”, i.e., the implementation of the set “2” is omitted from the set “0”. However, implementation difficulty of the set “1” may not be so much different compared to the set “0” although detailed investigation would be necessary. This is due to the following two reasons.

The first reason is that UE needs to sufficiently suppress the noise coming from Band 1 Tx over Band 3 Rx frequency range. The second reason is that from a Band 3 Rx perspective, Band 1 Tx works as a blocker, which also needs to be suppressed sufficiently. Therefore, from RF device point of view, it seems that the CA configuration combination set “1” is the bottleneck for UE implementation for CA_1A-3A.

Finally, with respect to the CA configuration combination set “2”, it seems that this set is not so challenging for UE implementation as illustrated in Figure 2.2-2, i.e., we only need to consider obtaining the isolation between Band 3 UL and Band 1 DL which will be realized with a smaller additional insertion loss compared to those for the set “0” or “1”.
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Figure 2.2-2: Condition for CA configuration combination set “2” for CA_1A-3A
In addition, from the existing requirements viewpoint, such as those for CA_4A-12A for example, if it was allowed for a UE not to support Band 12 UL for DL CA of Bands 4 and 12, the current ΔTIB,c i and ΔRIB,c values for this CA configuration would not be appropriate for the UE implementation. This is because additional 0.5 dB relaxation for Band 12 compared to the other high/low CA configuration was introduced do to the harmonic issues when Band 12 UL is in active.
· Observation 3: Existing CA requirements such as ΔTIB,c i and ΔRIB,c are developed considering the CA configuration combination set “0”.  

· If the CA configuration combination set “1” or “2” (in particular, the set “2”) was allowed for implementation, the current ΔTIB,c i and ΔRIB,c would not be appropriate and overly relaxed.
In summary, from the observations 1, 2, and, in particular, 3, our understanding is that “The UE is required to support all possible CA configuration fallback modes”. Thus, we propose the following.

· Proposal 1: The relevant specifications in TS36.101 should be interpreted that “The UE is required to support all possible CA configuration fallback modes”, and this should be clarified in TS36.101.
· Proposal 2: If RAN4 allows the implementation of CA configuration combination set, such as “1” and “2”, we should introduce the concept of “CA configuration combination set” and define corresponding relaxation values.
· It should be noted that we do not see any advantage to introduce the CA configuration combination set “1” for CA_1A-3A at this moment.
CA configuration combination sets

In this Section, we investigate the impact of  introducing the CA configuration combination sets in the specifications. As was discussed in Section 2.2, this introduction can reduce the amount of relaxation values forΔTIB,c i and ΔRIB,c. As an example, we evaluate the case for CA_1A-3A-26A assuming that the CA configuration combination sets for 2DL CA shown in Table 2.3-1 are available.

Table 2.3-1: Configuration combination sets examples (for discussion)
	CA configuration X-Y
	Operating band X
	Operating band Y
	CA configuration combination set

	
	Tx
	Rx
	Tx
	Rx
	

	CA_1A-3A
	YES
	YES
	
	YES
	0

	
	
	YES
	YES
	YES
	

	
	
	YES
	YES
	YES
	1

	CA_1A-26A
	YES
	YES
	
	YES
	0

	
	
	YES
	YES
	YES
	

	CA_3A-26A
	YES
	YES
	
	YES
	0

	
	
	YES
	YES
	YES
	


Furthermore, we also assume the introduction of the additional table shown in Table 2.3-2 that indicates supported constituent CA configurations for CA_1A-3A-26A.

Table 2.3-2: Supported constituent CA configurations example for CA_1A-3A-26A (for discussion)
	CA configuration X-Y-Z
	Supported CA configuration combination set
	CA configuration combination set

	
	X-Y
	set
	X-Z
	set
	Y-Z
	set
	

	CA_1A-3A-26A
	YES
	0
	YES
	0
	YES
	0
	0

	
	YES
	1
	YES
	0
	YES
	0
	1

	
	-
	-
	YES
	0
	YES
	0
	2


· As for the CA configuration combination set “0”
· Disadvantage: The relaxation values to be specified would be the largest among the three CA configuration combination sets due to a support of CA_1A-3A.

· Advantage: A UE can select any possible nine CA configurations for CA_1A-3A-26A.

· As for the CA configuration combination set “1”
· Disadvantage: The following two CA configurations are not available.

· Not available: (UL, DL) = (1, 1+3), (1, 1+3+26)

· Available: (UL, DL) = (1, 1+26), (3, 1+3), (3, 3+26), (3, 1+3+26), (26, 1+26), (26, 3+26), (26, 1+3+26) 
· Advantage: The relaxation values to be specified would be smaller compared to the case for CA configuration combination set “0”.

· It should be noted that, in the end, the relaxation value in the specification may be the same as that of CA configuration combination set “2” depending on the future discussion. 

· As for the CA configuration combination set “2”
· Disadvantage: The following two CA configurations are not available.

· Not available: (UL, DL) = (1, 1+3), (1, 1+3+26), (3, 1+3), (3, 1+3+26)

· Available: (UL, DL) = (1, 1+26), (3, 3+26), (26, 1+26), (26, 3+26), (26, 1+3+26)
· Advantage: The relaxation values to be specified are the exactly the same as that of the current low/high CA configuration for 2DL CA without harmonic issues since high/low diplexer will only be used in this case.
In summary, although some of the CA configurations are not available for 3DL CA, required amount of relaxation values can be reduced due to the introduction of this CA configuration combination set concept. It should be noted that if the number of available component carriers is increased, such as five, this concept would be effective to achieve smaller relaxation values in the CA specifications while retaining sufficient number of available CA configurations.
· Observation 4: In accordance with the number of CCs for CA is increased, the introduction of this concept may be more useful, in particular, to reduce the required relaxation values in the CA specifications. 
3. Conclusion
In this contribution, we discussed how we should interpret TS 36.101 specifications when implementing 3DL CA with some justifications. As a result, we presented the three observations 1-3 in Section 2.2 and the following two proposals based on these observations.

· Proposal 1: The relevant specifications in TS36.101 should be interpreted that “The UE is required to support all possible CA configuration fallback modes”, and this should be clarified in TS36.101.
· Proposal 2: If RAN4 allows the implementation of CA configuration combination set, such as “1” and “2”, we should introduce the concept of “CA configuration combination set” and define corresponding relaxation values.
Furthermore, if the above Proposal 2 is agreed in RAN4, we also propose the following:
· Proposal 3: A liaison statement should be sent to RAN2 to define the corresponding UE capability signaling for the concept of “CA configuration combination set”.
In addition, we also discussed advantages and disadvantages to introduce the concept of “CA configuration combination sets” and presented the following observation:
· Observation: In accordance with the number of CCs for CA is increased, the introduction of this concept may be more useful, in particular, to reduce the required relaxation values in the CA specifications.
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