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1. Introduction
In this contribution we further discuss the UE capabilities for DC. This topic was first discussed during RAN2 #87bis in Shanghai. While some initial agreements were made, several aspects still remain to be resolved, particularly pertaining to sync and async scenarios.
2. Discussion

2.1. Capabilities for inter-band and non-contiguous intra-band DC
During RAN2 #87bis, UE capabilities for DC were discussed and the following agreements were made concerning async support [1]:
	Agreements on async capabilities for inter-band and intraband non-contiguous
One bit per band combination indicating support for asynchronous DC (FFS for more than two band entries in case of async):

· 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). 


Hence, there are two open issues to be resolved for async operation:
1. Indication of UE asynchronous capability for a band combination with more than two band entries in case of inter-band and non-contiguous intra-band;
2. Indication of UE asynchronous capability for a band combination with one entry and non-class C in case of intra-band contiguous DC;
During RAN2#87bis it was pointed out that, while RAN4 would not define DC specifications for intra band or more than two carriers in Rel12, it is expected to do so in Rel13. Since the RAN4 performance specifications are release-agnostic, it is important to allow async-capable Rel12 UEs supporting more than two bands to appropriately signal such capability. Furthermore, support for more than two DL CA and UL CA are already possible, which indicates that extending such support to DC would be feasible in the near future and should not be precluded in the Rel12 capability signaling design.
Proposal 1: The async capability for DC should be designed taking into account the possibility to support more than two bands in a band combination.  
The first issue is how the async capability should be designed for band combinations with more than 2 band entries. There seems to be two options:

Alternative 1: A single bit per band combination, as in the two band entry case

Alternative 2: More granular signaling which also indicates per-DC combination capability
Alt2 requires the introduction of per-DC band combination. This can be defined by introducing a new IE SupportedBandCombinationDC to signal parameters that are DC-band combination dependent as in the example below:
RF-Parameters-v12xy ::=



SEQUENCE {


supportedBandCombination-v12xy


SupportedBandCombination-v12xy


OPTIONAL,

supportedBandCombinationAdd-v12xy

SupportedBandCombinationAdd-v12xy

OPTIONAL,


supportedBandCombinationDC-v12xy        SupportedBandCombinationDC-v12xy        OPTIONAL

}
Alt. 1 has the advantage of having the smallest capability message. However it has important drawbacks, as the following examples show.

Example 1: Consider intra-band DC operation over 3 CCs: CC1 on Band x, CC2 and CC3 on Band y. 
In the given configuration, since CC2 and CC3 are intra-band, it is very likely that they have to be synchronous, hence belong to the same CG. 
Table 1 below illustrates the possible scenarios:
	CA Band Combination
	  DC combination

 {CG1 ; CG2}
	Per-DC combination capability (alt. 2)
	Per-band combination capability (alt. 1)

	xA_yA_yA
	{xA_yA; yA}
	Not supported
	Not supported

	1. 
	{yA; yA_yA}
	Supported
	


Table 1: Scenarios for DC async support in Example 1: 3 CCs, intra-band 
Example 2: Consider inter-band DC operation over 3 CCs: CC1 on Band x, CC2 on Band y, CC3 on Band z. Furthermore, CC2 and CC3 share the same PA in UL. 

In this example, since CC2 and CC3 share the UL PA, they have to be synchronous. 

Table 2 below illustrates the possible scenarios:
	CA Band Combination
	  DC combination 

{CG1 ; CG2}
	Per-DC combination capability (alt. 2)
	Per-band combination capability (alt. 1)

	xA_yA_zA
	{xA_yA; zA}
	Not supported
	Not supported

	1. 
	{xA_zA; yA}
	Not supported
	

	2. 
	{xA; yA_zA}
	Supported
	


Table 2: Scenarios for DC async support in Example 2: 3 CCs, inter-band 

Example 3: Consider inter-band DC operation over 4 CCs: CC1 on Band x, CC2 on Band y, CC3 and CC4 on Band z.
Table 3 illustrates the possible scenarios:

	CA Band Combination
	DC combination

{CG1 ; CG2}
	Per-DC combination capability (alt. 2)
	Per-band combination capability (alt. 1)

	xA_yA_zA_zA
	{xA_yA_zA; zA}
	Not supported
	Not supported

	3. 
	{xA_zA_zA; yA}
	Supported
	

	4. 
	{yA_zA_zA; xA}
	Supported
	

	5. 
	{xA_yA; zA_zA}
	Supported
	

	6. 
	{xA_zA; yA_zA}
	Not supported
	


Table 3: Scenarios for DC async support in Example 3: 4 CCs 

As the last column of Tables 1-3 indicate, a single capability bit per band combination (alt. 1) would not suffice to convey the UE’s true capability: the Rel12 UE in these examples would not be able to indicate async support for any DC combination, unless it supports all of them. This signaling constraint would significantly limit the applicability of the feature in the future by Rel12 UEs. On the other hand, as Tables 1-3 show, a per-DC combination capability (alt. 2) allows the UE to indicate support for several DC combinations even if not supporting some of them.
As increased CA capabilities become more common in the future, it is important for the signaling to enable as flexible deployment as possible, closely matching deployment scenarios of interest to operators with the specific supported capability of the UE. 
Therefore we propose:

Proposal 2: For inter-band and non-contiguous intra-band, introduce per-DC combination capability indication for async operation. 
2.2. Capabilities for intra-band contiguous DC
For the intra-band contiguous, the agreements in RAN2 #87bis were [1]:
	Agreements from RAN2 #87bis on sync capabilities
· 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)
· 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)


Here the only open issue is how to indicate support for intra-band contiguous bands, apart for class C. We propose to extend the current agreement to all classes.  
Proposal 3: For intra-band contiguous, introduce is a single capability indication for sync support and a single capability indication for async support.
3. Conclusion

In this contribution, we discussed the remaining open issues for UE capability signaling support in Dual Connectivity.  The following proposals are made:
Proposal 1: The async capability for DC should be designed taking into account the possibility to support more than two bands in a band combination.  
Proposal 2: For inter-band and non-contiguous intra-band, introduce per-DC combination capability indication for async operation. 

Proposal 3: For intra-band contiguous, introduce is a single capability indication for sync support and a single capability indication for async support.
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