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1 Background
In last RAN4 meeting, way forwards on deployment scenarios and capabilities for dual connectivity were agreed. Based on the WF, the impact for UE design and test for both “per UE” and “per DC config” options should be investigated in RAN4#72bis. This contribution provides our further consideration on UE capability for dual connectivity.
2 Discussion
The issues on UE capability identified below in last meeting shall be considered [1]:
1. “per UE” option 

· DC is subset of UL CA

· DC_xA-yA = {sync, sync/async} + CA_xA-yA(UL)

2. “per DC config” option 

· Define DC config definitions in 36.101:

· DC



Dual Connectivity

· DC_xA-yA
DC for band X and Band Y where X and Y are the applicable E-UTRA operating band 

· Require the discussion on the following aspects

· The need of separate capability for uplink and downlink

· The need of future proof
2.1 Per UE or Per DC configuration
As agreed in the WF for deployment scenario [2], Inter-band dual connectivity configurations including bands and bandwidth combinations shall be subset of inter-band CA configurations with 2UL in Rel-12. However, it does not exclude the possibility to introduce the independent DC band combinations which do not support inter-band CA. Since most requirements except for Pcmax can be the same as those for 2UL inter-band CA, we do not see too much work needed additionally to define the capability per DC configuration from Rel-12. Furthermore, if the capability is defined per UE and a UE supports multiple 2UL inter-band CA configurations, the DC capability should be able to apply for all these configurations. This may increase the test complexity in some cases.
On the other hand, it would burden the workload of RAN2 to define signaling to indicate the capability is per UE in Rel-12 while the capability is per DC configuration in Rel-13 and afterwards. Therefore, our preference is to define the capability supporting dual connectivity per DC configuration from Rel-12.
Proposal 1: The capability on supporting dual connectivity shall be defined per DC configuration from Rel-12.
2.2 Separate capability for uplink and downlink

During the offline discussion on the WF for DC capability, there is a suggestion that DC configurations shall be signaled separately for uplink and downlink and the reason is that it may has the single uplink case for dual connectivity. However, the assumption is not aligned with the agreement in RAN2 [3], that is,
At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources (could discuss whether to support more if such an enhancement is agreed for CA in Rel-12 in general).
The agreement above means there would be no single uplink case is supported by RAN2. 
Proposal 2: There is no need to separate capability for uplink and downlink.
2.3 Synchronized and unsynchronized capability
It was agreed in the WF that “In Rel-12, DC capability should be defined for “Sync” and “Sync+Async” separately”. Which is also related to the issue discussed in section 2.1, i.e, the capability should be per UE or per DC configuration. If the capability on UE supporting dual connectivity is decided per DC configuration, the capability of “Sync” or “Sync+Async” shall be indicated separately for the supported DC configuration.
Another issue related to synchronized and unsynchronized capability was also discussed offline, which can be explained by an example:
For DC_1A-5C, how to signal the synchronized and unsynchronized capability for inter + intra case?

Currently, we only have maximum 2UL for all CA inter-band combinations. The case for DC band combinations would be similar. If DC_5C is not mandated to be supported by the UE, and only 2UL is supported by the UE, signaling on bands 1 and 5 are async is enough. Regarding DC_5C, we should be aware of that async is also possible for the intra-band DC case. The synchronized and unsynchronized capability imposes different implementations for the UE. Possibilities of the synchronized and unsynchronized capability for DC_1A-5C are listed below:
1) DC_1A-5C, Sync+Async (CG1 and CG2 could be unsynchronized)
a) Case 1: 

· CG1: sync (1 CC in Band 1, 1 CC in Band 5)
· CG2, sync ( 1 CC in Band 5)
b) Case 2
· CG1: sync (1 CC in Band 1)
· CG2, sync ( 2 CC in Band 5)
2) DC_1A-5C, Sync
3) DC_5C, Sync +Async
4) DC_5C, Sync
Regarding the two operating bands, there are two possible scenarios shall be considered for the signaling design, i.e. Scenario 1: only DC_1A-5C is supported by the UE

Scenario 2: both DC_1A-5C and DC_5C are supported by the UE
For scenario 1, it also has two possible cases, which are distinguished by how to group carriers in CGs. It is worth noted that the implementation of UE would be different whether CG1 and CG2 are synchronized or unsynchronized. In this scenario, signalling Sync+Async to DC configuration is not enough. The signaling should be indicated to CGs separately. 
For scenario 2, if the Sync+Async capability is indicated to DC_5C in conjunction with that for DC_1A-5C, one of the cases for DC_1A-5C can be excluded. For example, if DC_5C is indicated as synchronized, case 1 does not exist for DC_1A-5C. Which means if synchronized and unsynchronized capability are indicated both for inter and intra DC configurations, the signalling does not need to consider the capability of CGs. However, whether supporting DC_1A-5C also means DC_5C is supported as well does not reach consensus in RAN4. So we need to consider solutions for above scenarios at the same time.
In summary, different solutions shall be considered corresponding to these two scenarios. If supporting intra-band DC (e.g. DC_5C) is not mandatory for UE supporting inter-band DC (e.g. DC_1A-5C), i.e. scenario 1 and CGs are unsynchronized, signalling shall be indicated per CG combination. Otherwise, signalling could be indicated per DC configuration. What needs to be determined by RAN4 is whether intra-band DC shall be supported by default for an inter+intra DC band configuration.
Our proposal is to describe the issue we identified clearly in the LS to RAN2, and let RAN2 to consider the signaling issue for inter + intra cases for future proof.

Proposal 3:RAN4 shall clarify whether intra-band DC shall be supported by default for an inter+intra DC band configuration. For future proof, the signaling design shall consider that the implementation of UE supporting synchronized and unsynchronized capability for intra or inter + intra DC could be different.
3 Conclusion
Based on discussion above, we propose following proposals shall be considered on UE capability for dual connectivity:
Proposal1: The capability shall be defined per DC configuration.

Proposal 2: There is no need to separate capability for uplink and downlink.
Proposal 3: RAN4 shall clarify whether intra-band DC shall be supported by default for an inter+intra DC band configuration. For future proof, the signaling design shall consider that the implementation of UE supporting synchronized and unsynchronized capability for intra or inter + intra DC could be different.
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