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1 Introduction

At RAN4#72, RAN4 agreed the WF [1] on UE capability design for DC. In summary, RAN4 agreed that: In Rel-12, DC capability should be defined for “Sync” and “Sync+Async” separately. However regarding whether the UE DC capability shall be per UE or per DC, they will continue to discuss at next meeting. In this paper, we discuss RAN2 capability signaling design for DC.
2 Discussion

2.1 RAN2 impact based on per UE or per DC
Per UE means the support of DC is band agnostic. The UE will indicate:
· Whether UE supports DC for sync and or sync+async;
· Whether UE supports UL CA;

One example is DC_xA-yA = {sync, sync/async} + CA_xA-yA(UL);
Therefore RAN2 only needs to introduce DC capability “Sync” and “Sync+Async” per UE.

Observation 1: With per UE solution, RAN2 only needs to introduce DC capability “Sync” and “Sync+Async” per UE.
Per DC means the support of DC is band dependent. The UE will indicate:

· Option 1: DC combination as we did for CA, plus “Sync” and  “Sync+Async” per DC band combination; or

· Option 2: Indicate the support of “Sync” and  “Sync+Async”  in each UL CA bandcombination;

Observation 2: With per DC solution, RAN2 needs to introduce complete new DC combinations or add the support of “Sync” and “Sync+Async” in each UL CA bandcombinations.
2.2 UE DC capability signalling design
Regarding the UE DC capability design, three issues need to be solved:
Issue 1: can we reuse CA band combination? 
RAN4 agreed that in Rel-12, all dual connectivity configurations will be subset of 2UL inter-band CA configurations, and intra-band DC is excluded from Rel-12. Therefore in theory to define DC capability based on CA band combination could work for Rel-12. 
For future releases, operators may have market need to introduce an inter-band DC configuration which does not need to support 2UL CA, and then we have to re-define new DC capability. From the perspective of signaling design, we need to guarantee that the signaling shall be future proof. We do not like the idea that reuse CA band combination for DC in rel-12, and re-define new DC capability in rel-13.

Therefore we propose:
Proposal 1: For future proof, introduce new DC band combination to indicate UE DC capability.
Issue 2:  how to handle “Sync” and “Sync+Async” capability, per UE, per DC combination? 

If both intra-band DC and inter-band DC could be supported by a UE, the support of sync/async on intra and inter DC combinations may be different.  Therefore, we should indicate synchronized and unsynchronized capability for each DC configuration rather than for each UE.
Proposal 2: “Sync” and “Sync+Async” shall at least be indicated per DC band combination.
Issue 3:  how to design DC combination? 
As mentioned in [2], one example is:

The UE supports DC 1A-5C with 3CCs and 3ULs. There are two cases:

a) Case 1: 

· CG1:  1 CC in Band 1, 1 CC in Band 5
· CG2,  1 CC in Band 5
b) Case 2

· CG1: 1 CC in Band 1
· CG2, 2 CCs in Band 5

If the UE “sync/async” capability is different between these two cases, how to indicate this capability?

 One alternative is:
ALT 1: indicate “sync/async” per CG combination, that is 

a) Combination 1: sync or sync+async 

· CG1:  1 CC in Band 1, 1 CC in Band 5
· CG2,  1 CC in Band 5
b) Combination 2: sync or sync+async 

· CG1: 1 CC in Band 1
· CG2, 2 CCs in Band 5

Another alternative is:

ALT 2: Indicate sync/async per DC,  also look at the capability of subset DC combination, choose the common capability between superset and subset of DC combination for  sync/async capability.

Example 1:
1) DC_1A-5C, Sync+Async
a) Case 1: superset 
· CG1: 1 CC in Band 1, 1 CC in Band 5
· CG2, 1 CC in Band 5
b) Case 2

· CG1: 1 CC in Band 1
· CG2, 2 CC in Band 5
2) DC_5C, Sync +Async subset
If the UE indicates sync+async for both DC 1A-5C and DC 5C, then the UE supports sync+async for both case 1 and case 2.

Example 2:

1) DC_1A-5C, Sync+Async
a) Case 1: superset
· CG1: 1CC in Band 1, 1 CC in Band 5
· CG2, 1 CC in Band 5
b) Case 2

· CG1: 1 CC in Band 1
· CG2, 2 CC in Band 5
2) DC_5C, Sync subset
If the UE indicates sync+async DC 1A-5C and only sync for DC 5C, then the UE supports sync+async for case 2, and only support sync for case 1.

Example 3:
1) DC_1A-5C, Sync
a) Case 1: superset
· CG1: 1 CC in Band 1, 1 CC in Band 5
· CG2, 1 CC in Band 5
b) Case 2

· CG1: 1 CC in Band 1
· CG2, 2 CC in Band 5
2) DC_5C, Sync +Async subset
If the UE indicates sync for DC 1A-5C and  sync+ async for DC 5C, then the UE only supports sync for both case 1 and case 2.

Example 4:
1) DC_1A-5C, Sync
a) Case 1: superset
· CG1: 1 CC in Band 1, 1 CC in Band 5
· CG2, 1 CC in Band 5
b) Case 2

· CG1: 1 CC in Band 1
· CG2, 2 CC in Band 5
2) DC_5C, Sync subset
If the UE indicates sync both for DC 1A-5C and DC 5C, then the UE only supports sync for both case 1 and case 2.

We could see the alt 1 will consume more capability size than Alt2. Alt2 looks more complex than Alt1, and needs that subset shall always be present.
Proposal 3: Ask RAN2 to decide which alternative shall be chosen for DC capability signalling design.
2.3 Capability for SCG bearer and split bearer
The main difference between 1A and 3C are:
· To support 1A, the UE needs to support additional security handling; 

· To support 3C, the UE needs to support PDCP reordering.

In addition, the IOT opportunity may be different for 1A and 3C for particular band combination. Therefore separate capability is preferred.

Proposal 4: Separate capability is needed for the support of SCG bearer and split bearer.
The support of SCG bearer and split bearer mainly related to RRC/PDCP/RLC and MAC, it is unrelated to band/band combination; therefore we propose to define it as per UE capability.

Proposal 5: The support of SCG bearer and split bearer shall be per UE capability.
2.4 Reduction of UE DC capability

To reduce the UE capability transferred in Uu/S1/X2 interface, to save the storage of the eNB and the MME, RAN2 agreed to introduce the solution on requesting reduced sets of band combinations by the eNB. The UE only reports UL CA combination on particular bands when the eNB requires it. 
For the handling of DC capability, the UE must support at least 2UL. Therefore we can reuse the same principle for it whatever RAN4 agrees “per UE” or “per DC” capability. That is the UE only reports DC combination on particular bands when the eNB requires it.
Proposal 6: The UE only reports DC combination on particular bands when the eNB requires it.
3 Conclusion

In this paper we discuss RAN2 capability signaling design for DC, and have following observations and proposals:
Observation 1: With per UE solution, RAN2 only needs to introduce DC capability “Sync” and “Sync+Async” per UE.
Observation 2: With per DC solution, RAN2 needs to introduce complete new DC combinations or add the support of “Sync” and “Sync+Async” in each UL CA bandcombinations.
Proposal 1: For future proof, introduce new DC band combination to indicate UE DC capability.
Proposal 2: “Sync” and “Sync+Async” shall at least be indicated per DC band combination.
Proposal 3: Ask RAN2 to decide which alternative shall be chosen for DC capability signalling design.
Proposal 4: Separate capability is needed for the support of SCG bearer and split bearer.
Proposal 5: The support of SCG bearer and split bearer shall be per UE capability.
Proposal 6: The UE only reports DC combination on particular bands when the eNB requires it.
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