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1. Introduction
In the RAN#67, 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 combinations. Accordingly, in the RAN4#74BIS and #75, there were discussions on this topic. Specifically for TDD-FDD CA, in RAN4#75, the followings were pointed out and captured in [2, 3].

This discussion is highly related to handing of tdd-FDD-CA-PCellDuplex. Thus, TDD-FDD CA mandatory/optional discussion should be discussed in conjunction with it in RAN Plenary since the handling of capability itself was discussed in RAN1. RAN Plenary is going to confirm RAN1 recommendation.
In this contribution, we clarify what we should discuss in RAN4 and the relation between tdd-FDD-CA-PCellDuplex capability and the outcome of RAN4 future decision on TDD-FDD CA PCell mandatory/optional support. 
2. TDD-FDD CA PCell mandatory discussion
2.1. Possible options from base band perspective
Firstly, for a UE to support TDD-FDD CA, a specific capability shall be supported by the UE. That is tdd-FDD-CA-PCellDuplex. The capability itself was introduced in Rel-12 and seems an optional feature according to RAN1 discussion so far. The capability has already been captured in TS36.331 and TS36.306 as follows.

· From TS36.331

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	tdd-FDD-CA-PCellDuplex
Indicates whether the UE supports TDD PCell and/or FDD PCell in any supported band combination including at least one FDD band and at least one TDD band. The first bit is set to "1" if UE supports the TDD PCell.  The second bit is set to “1” if UE supports FDD PCell. This field is included only if the UE supports band combination including at least one FDD band and at least one TDD band. If this field is included, the UE shall set at least one of the bits as “1”. 
	-


· From TS36.306
· This field defines if the UE supports TDD PCell and/or FDD PCell in any supported band combination including at least one FDD band and at least one TDD band.
Based on the above, the UE which supports this capability shall further indicate one of the following options captured in the below Table 2.1-1.
Table 2.1-1: Possible indication by the UE supporting tdd-FDD-CA-PCellDuplex
	Options
	TDD PCell
	FDD PCell
	Impact on implementation of TDD-FDD CA

	1
	YES          (1)
	NO           (0)
	Only TDD PCell is allowed for the supported TDD-FDD CA configurations. The fundamental restriction comes from BB perspective.

	2
	NO           (0)
	YES          (1)
	Only FDD PCell is allowed for the supported TDD-FDD CA configurations. The fundamental restriction comes from BB perspective.

	3
	YES          (1)
	YES            (1)
	PCell mandatory support depends on each TDD-FDD CA configuration. 
Ex 1: For CA_1A-41A, still only Band 1 PCell is allowed. Band 41 PCell, however, is not allowed.
Ex 2: For some CA configurations, both TDD and FDD band(s) PCell would be mandatorily supported.


2.2. Scope of PCell discussion for TDD-FDD CA 
Now, RAN4 discusses which band(s) shall become PCell mandatory support for each CA configuration including TDD-FDD CA. However, if UEs implement option 1 or 2, it is not possible for the UEs to support CA configurations whose FDD and TDD PCell shall be mandatorily supported. Thus, only when UEs implement option 3, what RAN4 discuss and decides is applicable to the UEs. In short, only in this option 3, the RAN4 outcome for TDD-FDD CA PCell mandatory support can be on the same stage as those for the other CA such as FDD-FDD and TDD-TDD CA as illustrated in Figure 2.1-1. Note that flexibility to allow for vendors to select option 2 is necessary since at the early stage, there may be no chipset to be able to support option 1 and 3. If we did not allow such freedom of choices, commercial launch for TDD-FDD CA with option 2 would be delayed. In our understanding, the levels of challenges for each option are different. Thus, at least it should be allowed for UE vendors to take one of the options. The details on expected challenges for option 1 and 3 are elaborated in Annex.
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Figure 2.1-1: Scope of the discussion on PCell mandatory support in RAN4
It should be also noted that even if UEs implements the option 3, still some TDD-FDD CA configurations such as CA_1A-41A which supports FDD PCell only are allowed to be implemented into the UEs since there are no RAN4 requirements for the configuration to make both Band 1 and Band 41 become PCell.  In RAN4, only Band 1 PCell is allowed for this configuration. 
Therefore, RAN4 discusses PCell mandatory support for TDD-FDD CA in terms of UE RF, cost and network deployment etc., for each CA configuration and the outcome is applicable under the condition that UEs support tdd-FDD-CA-PCellDuplex with the above option 3. 
3. Conclusion
In this contribution, we clarified scope of the discussion on PCell mandatory support specifically for TDD-FDD CA in RAN4. Based on the discussion, we propose the following.

· Proposal 1: 

· UEs supporting tdd-FDD-CA-PCellDuplex are allowed to select one of the following three options regardless of the outcome of RAN4 discussion on TDD-FDD CA PCell mandatory support.
1. Only TDD PCell is allowed.
2. Only FDD PCell is allowed.
3. Both TDD and FDD PCell are allowed.

· Proposal 2: 

· What RAN4 decides on PCell mandatory support for TDD-FDD CA is applicable under the condition that UEs support tdd-FDD-CA-PCellDuplex with the above option 3. 
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4. Annex

4.1. Baseband (RAN1 and 2 specification) aspect
For a UE to support TDD-FDD CA, a specific capability shall be supported by the UE. That is tdd-FDD-CA-PCellDuplex. The capability itself was introduced in Rel-12 and seems an optional feature according to RAN1 discussion so far. Based on TS36.331, the UE which supports this capability shall further indicate that one of the following statuses is supported.

Table 2.1-1: Possible indication by the UE supporting tdd-FDD-CA-PCellDuplex
	Status
	TDD PCell
	FDD PCell

	1
	YES(1)
	NO(0)

	2
	NO(0)
	YES(1)

	3
	YES(1)
	YES(1)


In order to set “1” to at least TDD PCell and/or FDD PCell for TDD-FDD CA, the UE shall support relevant RAN1 specifications. However, in our understanding, supporting TDD PCell is even more challenging than doing FDD PCell specifically from baseband point of views.

· To support FDD PCell for TDD-FDD CA, the requirements to support FDD PCell for FDD-FDD CA can be almost reused.

· To support TDD PCell for TDD-FDD CA, unlike FDD PCell for TDD-FDD CA, the requirements to support TDD PCell for TDD-TDD CA cannot be reused as it is. The fundamental difference comes from the fact that new DL HARQ timings for FDD SCell were introduced. Since there is no configuration whose sub-frames are all DL for the existing TDD UL-DL configurations, the DL HARQ timings already supported in TDD and TDD-TDD CA cannot be used for FDD SCell. Therefore, it was essential to specify new DL HARQ timing(s) for respective TDD UL-DL configuration of the PCell for TDD-FDD CA in RAN1. 

From the above reasons, the following observation is obtained.

· Observation 1: Implementing TDD PCell for TDD-FDD CA is more challenging than doing FDD PCell for TDD –FDD CA specifically from baseband implementation point of view.

4.2. Inter-operable test (IOT) aspect
According to TS 36.306, the UE can set a UE capability bit if the corresponding feature has been implemented and successfully tested. To conduct the inter-operable test, the eNB shall implement the new DL HARQ timing(s) for TDD PCell, whereas the FDD PCell operation can be tested by the eNB with the legacy CA functionalities. From the IOT point of view, the following is observed.

Observation 2: TDD PCell for TDD-FDD CA will require more efforts to conduct and pass the inter-operable test.
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