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1. Introduction
RAN2 received an LS from RAN4 informing RAN2 of their opinions about intra-band non-contiguous CA band combinations as shown below [1].
RAN4 observed that the existing CA band combination signalling in the UE capability defined in TS 36.331 [1] cannot distinguish the intra-band non-contiguous CA band combination one from another, e.g., CA_xA-xC and CA_xC-xA.
Nevertheless, RAN4 is of opinion that these band combinations do not have to be distinguished from both UE implementation and RAN4 specification [2] perspectives so far. In other words, the UE can support all of them, e.g, both CA_xA-xC and CA_xC-xA altogether.

It is also applicable to support of PCell in an intra-band non-contiguous CA band combination. For instance, CA_xA-xA with UL in lower CC and CA_xA-xA with UL in upper CC do not have to be distinguished from both UE implementation and RAN4 specification [2] perspectives as well.

In their LS, RAN2 is asked to update our specification accordingly from Rel-11. This paper discusses how to reflect their opinions into our specification.
2. Discussion
RAN2 at the #91 meeting discussed how the existing UE capability signalling can be interpreted based on the intra-band non-contiguous CA band combinations specified in TS 36.101. One contribution [2] proposed to discuss whether;
Option 1:
The UE includes all the supported BandCombinationParameters in the UE capability. The entries of BandParameters are listed in ascending order of carrier frequency.
Option 2:
The UE includes one of the BandCombinationParameters in the UE capability, which also means the support of all the other possible BandCombinationParameters for an intra-band non-contiguous band combination.
The other contribution [3] proposed to confirm that there is no frequency order in band combination signalling for intra-band non-contiguous CA. It was confirmed by RAN2 at the #91 meeting [4]. Necessity of update our specification was FFS since RAN4 was also discussing the necessity to distinguish one intra-band non-contiguous CA band combination from the other among which the frequency order of CA bandwidth class is different (e.g., CA_42A-42C and CA_42C-42A). 
As explained in section 1, RAN4 is of opinion that these intra-band non-contiguous combinations do not have to be distinguished from one another since the UE can support all of them including support of PCell, i.e., presence of UL CC for each intra-band non-contiguous carrier. Based on this feedback, Option 2 in [2] aimed at reducing UE capability size now becomes feasible and viable. Thus, the following is proposed.
Proposal 1:
Introduce a mechanism to reduce UE capability signalling size for intra-band non-contiguous CA band combinations.

To do this, the following two alternatives can be envisaged.
Alternative 1:
Autonomous capability signaling omission by the UE.

The UE includes one of the intra-band non-contiguous CA band combinations and excludes any other supported intra-band non-contiguous CA band combinations. This can be done by the UE autonomously if supported. By receiving one intra-band non-contiguous CA band combination, the eNB deduces all the other supported intra-band non-contiguous CA band combinations by the UE. For instance, if the UE includes CA_XA-4XC in DL and XA in UL together with DL XA as illustrated by the upper left case in Figure 1, it implies that the UE also supports all the other three cases in Figure 1.
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Figure 1:

UE capability signalling for CA_XA-XC and CA_XC-XA

If the UE autonomously omit the intra-band non-contiguous CA band combinations in accordance with this rule, no additional ASN.1 impact is foreseen. At most, it is captured in TS 36.306 as shown below for example.
	4.3.5.2
supportedBandCombination

This field defines the carrier aggregation, MIMO and MBMS reception capabilities supported by the UE for configurations with inter-band, intra-band non-contiguous, intra-band contiguous carrier aggregation and without carrier aggregation. For each band in a band combination the UE provides the supported CA bandwidth classes and the corresponding MIMO capabilities for downlink. The UE also has to provide the supported uplink CA bandwidth class and the corresponding MIMO capability for at least one band in the band combination. A MIMO capability applies to all carriers of a bandwidth class of a band in a band combination.

In all non-CA band combinations the UE shall indicate a bandwidth class supporting the maximum channel bandwidth defined for the band. 
For intra-band non-contiguous CA band combinations, one band combination entry (e.g., CA_42A-42C) can indicate support of any other possible permutations (e.g., CA_42C-42A). One band combination entry can also indicate support of any other possible permutations in the presence of uplink CA bandwidth class where a paired downlink CA bandwidth class is the same or where the number of UL CCs is smaller than the one of  paired DL CCs expressed by the CA bandwidth class (e.g., DL: CA_42A-42C, UL: 42A).
<< skip unchanged part >>


On the other hand, this alternative incurs an inter-operable problem where either of the eNB or the UE does not implement this implicit rule. The eNB cannot learn the correct band combinations supported by the UE unless both the eNB and the UE implement this rule. Even with that, it may not be a problem in practice if there is no legacy network providing intra-band non-contiguous CA. Nevertheless for sure, this alternative should be avoided.
Alternative 2:

Network requested signaling reduction for intra-band non-contiguous CA band combination.

Likewise skipFallbackCombinations to be introduced for CA beyond 5CCs, the UE includes one of the intra-band non-contiguous CA band combinations and excludes any other supported intra-band non-contiguous CA band combinations if requested by the eNB. This approach can resolve the inter-operable problem as the UE applied this modified rule of including intra-band non-contiguous CA band combination only if requested.
On the other hand, there is another issue in question as to how this signaling reduction for intra-band non-contiguous CA can work together with skipFallbackCombinations. There are the following four cases. For each case, how intra-band non-contiguous CA combinations are included in the UE capability together with their fallback combinations is explained below taking an imaginary intra-band non-contiguous CA band combination as an example. In this example, the UE is assumed to support CA_xA-xC-xD, xA-xD-xC, xC-xA-xD, xC-xD-xA, xD-xA-xC and xD-xC-xA. For ease of reading, the imaginary band number ″x″ is abbreviated here after.
Case 1:
skipFallbackCombinations == FALSE and signaling reduction for intra-band non-contiguous CA == FALSE.
As shown in Table 1, all parent and fallback combinations are included as today up to Rel-12 CA.
Table 1:
Band combinations included in the UE capability for Case 1
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Case 2:
skipFallbackCombinations == TRUE and signaling reduction for intra-band non-contiguous CA == FALSE.

As shown in Table 2, all parent combinations are included, while all fallback combinations are excluded in accordance with skipFallbackCombinations for Rel-13 CA.

Table 2:
Band combinations included in the UE capability for Case 2
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NOTE:
Red bold: included, grey: not included.
Case 3:
skipFallbackCombinations == FALSE and signaling reduction for intra-band non-contiguous CA == TRUE.

As shown in Table 3, in terms of parent combinations, only A-C-D is included and the others are excluded. In terms of fallback combinations, some band combinations are excluded since the other included band combination can express their support. For instance, support of D-C can be declared by including C-D.
Table 3:
Band combinations included in the UE capability for Case 3
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Case 4:
skipFallbackCombinations == TRUE and signaling reduction for intra-band non-contiguous CA == TRUE.

As shown in Table 4, only A-C-D is included and all the other parent and fallback combinations are excluded.
Table 4:
Band combinations included in the UE capability for Case 4
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From the above investigation, the feasibility can be proven that the network based signaling reduction for intra-band non-contiguous CA band combination can work with the Rel-13 mechanism to skip fallback combinations. Therefore, the following is proposed.
Proposal 2:
The mechanism to reduce the signaling size of intra-band non-contiguous CA band combinations is a network requested basis.
As for the target release, although RAN4 is asked to update our specification from Rel-11, it could be up to our decision whether the solution is introduced from Rel-11 or later releases (Rel-12 or 13).
Proposal 3:

Discuss whether the mechanism is introduced from Rel-11 or later releases (Rel-12 or 13).
3. Summary and proposal
This paper discussed how to update the RAN2 specification based on the RAN4 feedback as to intra-band non-contiguous CA band combinations. In summary, the followings were proposed.
Proposal 1:
Introduce a mechanism to reduce UE capability signalling size for intra-band non-contiguous CA band combinations.
Proposal 2:
The mechanism to reduce the signaling size of intra-band non-contiguous CA band combinations is a network requested basis.
Proposal 3:

Discuss whether the mechanism is introduced from Rel-11 or later releases (Rel-12 or 13).
To envisage the specification impact, Rel-11 CRs to 36.331 and 36.306 are provided as in [5, 6].
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