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1 Introduction
During the RAN2 #87bis meeting, UE capability signalling for dual connectivity (DC) was addressed. DC UE capabilities are indicated for scenarios with different numbers of band entries and operation modes (synchronous or asynchronous), and one-bit indication has been agreed for some scenarios. The DC scenarios that require further study are those with more than two component carriers (CCs) (belonging to one or multiple band entries). In this contribution, we present our views on the UE capability signalling for these scenarios.
2 Discussion
Background
The following agreements were reached RAN2 #87bis regarding the UE capability indication for dual connectivity:
1 Define SCG and split bearer capabilities per UE
2 One bit per band combination indicating support for synchronous DC:

2a For synchronized case there is one bit per band combination with two or more entries (inter-band and non-contiguous intra-band) which indicates whether the UE is able to perform DC across the band entries (not within a band entry). 

2b For synchronized case there is one bit per band combination with one entry and class C which indicates whether the UE is able to perform intra-band contiguous DC. (FFS for other classes)
3 One bit per band combination indicating support for asynchronous DC (FFS for more than two band entries in case of async):

3a For asynchronized case there is one bit per band combination with two band entries (inter-band and non-contiguous intra-band) which indicates whether the UE is able to perform DC across the band entries (not within a band entry). 

3b For non-synchronized case there is one bit per band combination with one entry for class C which indicates whether the UE is able to perform intra-band contiguous DC. (FFS for other classes)
=> 2 bits per band combination for sync and a-sync respectively (not considering the FFSs). 
6 A UE supporting asynchronous case for a band combination shall also support synchronous case for that band combination. 

The indication for different cases can be summarized as follows.

Table 1
	
	1 band-entry, class C
	1 band-entry, class D and above
	2 band entries
	> 2 band entries

	Synchronous
	1-bit, indicating intra-band contiguous DC 
	FFS
	1-bit, indicating DC across band entries
	1-bit, indicating DC across band entries

	Asynchronous
	1-bit, indicating intra-band contiguous DC
	FFS
	1-bit, indicating DC across band entries
	FFS


We propose our ideas for the FFS scenarios in the following sections.
Intra-band contiguous DC with more than 2 CCs
In CA, intra-band contiguous aggregation can be supported if the bandwidth is large enough. Moreover, the capability indication for intra-band contiguous DC of bandwidth class C has been agreed. As we consider the CA band combinations as a baseline for DC, indications for the capabilities of intra-band contiguous DC with higher bandwidth classes (i.e., class D and above) should also be studied. For bandwidth class D (max. 3 CCs) and above, there are two major additional issues: different CC groupings and the location of UL CCs. Considering intra-band operation, we believe that if grouping certain CCs of a band together is possible, grouping other CCs of the same band is also possible. Similarly, there is no particular reason that UL transmission on a CC is possible but not possible on other CCs of the same band. Therefore, we think the 2-bit indication (for synchronous and asynchronous cases, respectively) is feasible and have the following proposal.
Proposal 1:
For synchronous and asynchronous cases respectively, there is one bit per band combination with one entry belonging to class D and above, which indicates whether the UE is able to perform intra-band DC. When the bit is set as TRUE, any CC grouping within the band combination is allowed as long as there is at least one UL CC in each CG.
We notice that there are indeed some concerns on intra-band contiguous DC from RF implementation point of view. For example, in downlink, due to the power imbalance between the received signals from two eNBs, the leakage power of the stronger CC becomes significant interference to its adjacent CC. In uplink, power control may be a problem if two CCs share the same power amplifier (PA). Nonetheless, as intra-band contiguous DC has been defined for class C, we can hardly find any reason to restrict it for class D and above. The RF requirements and implementation issues will be left for RAN4 discussions.
Observation 1: If indication for intra-band contiguous DC is available for band entries of class C, it should also be available for class D and above.
Asynchronous DC for band combinations with more than 2 band entries
We now consider asynchronous DC for band combinations with more than 2 band entries, including intra-band non contiguous and inter-band DC cases. Taking 3-band-entry case as an example, we discuss different DC configurations using Table 2. 
Table 2
	Band combinations
	Example
	Comments

	3DL in 3 bands (inter-band)
	DC_1A-3A-5A
	- Uplink may be supported only on 2 CCs (3DL+2UL CA), which is indicated by CA band combination. In this case, the 2 UL CCs must be in different CGs.
- 1-bit indication works: If the bit is set TURE, any CC grouping is supported as long as there is at least one UL CC in each CG.

	3DL in 2 bands 
(1 Intra-band non-contiguous)
	DC_2A-4A-4A
	[Case 1] 2UL CCs both in B4

- If the two B4 UL CCs share the same PA, asynchronous DC may not be supported

- 1-bit indication works: to indicate asynchronous intra-band non-contiguous DC (1 B4 CC in each CG to provide UL)
[Case 2] 2UL CCs in (B2, B4)

- Compared to synchronous case, the support of asynchronous DC involves additional band-dependent UE implementation issues (e.g., power control and processing timeline). It is possible that the grouping of (B2+B4, B4) is not supported since asynchronous reception is not allowed for B4, while (B2, B4+B4) is supported. 
- 1-bit indication is NOT enough if these two groupings need to be indicated separately.
[Case 3] 3UL CCs
- If the two B4 UL CCs share the same PA, they may need to be grouped in the same CG.
- As in [Case 2], 1-bit indication is NOT enough if the supports of asynchronous inter-band and intra-band non-contiguous DC need to be indicated separately.

	4DL in 3 bands
(1 Intra-band contiguous)
	DC_1A-3A-5C
	- The same principle for 2-band-entry case (e.g., DC_1A-5C) should apply: CCs of the same band entry should be grouped in the same CG.
- 1-bit to indicate DC capability: any grouping is supported as long as there is at least one UL CC in each CG and CCs of the same band entry are in the same CG.
- Though such configuration has not yet been defined in CA context, it is worth studying since CA shall support up to 5 CCs.


Our goal is to apply the 2-bit UE capability indication (for synchronous and asynchronous cases, respectively) in all scenarios, so as to keep succinct capability signalling for DC. From above discussions, we observe that additional bit is required if we need to indicate the capability of supporting asynchronous intra-band DC (i.e., separating two CCs of the same band into two CGs), when the band combination consists of two (or more) bands. 
Observation 2: Asynchronous intra-band DC is challenging from UE implementation perspective. Also, additional signalling bit is required to indicate the support of such configuration in a band combination with multiple bands.
While intra-band DC may be needed for single-band combinations (e.g., DC_5C or DC_4A-4A), the UE implementation can be much simpler if we do not allow a single band to be associated with more than one CG when there are two or more bands in the combination. Similar argument can also be found in [1]. With such a restriction, our goal to simplify capability signalling can be achieved. We therefore have the following proposals.

Proposal 2:
If a band combination consists of more than two bands, intra-band CCs (contiguous and non-contiguous) should always be grouped in the same CG for asynchronous DC.

Proposal 3:
For asynchronous case there is one bit per band combination with more than two bands which indicates whether the UE is able to perform DC across the bands. When the bit is set as TRUE, any CC grouping within the band combination is allowed as long as there is at least one UL CC in each CG and CCs of the same band are in the same CG.
Based on our proposals, Fig. 1 shows some allowed (O) and disallowed (X) DC configurations for band combination examples mentioned in Table 2.
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Fig. 1
Note that if the proposals in this contribution are accepted, 2-bit UE capability extension for DC can be applied to existing and new CA band combinations; no new band configurations need to be introduced for DC.
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
For synchronous and asynchronous cases respectively, there is one bit per band combination with one entry and class D which indicates whether the UE is able to perform intra-band DC. When the bit is set as TRUE, any CC grouping within the band combination is allowed as long as there is at least one UL CC in each CG.
Proposal 2:
If a band combination includes more than two bands, intra-band CCs (contiguous and non-contiguous) should always be grouped in the same CG for both synchronous and asynchronous DC.
Proposal 3:
For asynchronous case there is one bit per band combination with two or more bands which indicates whether the UE is able to perform DC across the bands. When the bit is set as TRUE, any CC grouping within the band combination is allowed as long as there is at least one UL CC in each CG and CCs of the same band are in the same CG.
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