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1   Introduction
In dual connectivity, the MeNB and the SeNB schedule the same UE independently. UE radio access capabilities may be exceeded if both eNBs exert their radio resources to the UE simultaneously without any coordination. It is difficult to coordinate UE capability distribution in real time due to latency of non-ideal backhaul. UE capability constraint information exchange may be needed in a (semi-)static manner, e.g. by means of configuration. In this paper, we discuss whether the coordination between the MeNB and the SeNB is needed, and if so how to handle the UE capabilities between the MeNB and the SeNB.
2   Discussion
In [1], UE radio access capability parameters are classified into “Parameters set by the field ue-Category” and “Parameters independent of the field ue-Category”. In this contribution, the handling of these parameters for dual connectivity is discussed by this classification.
2.1   Parameters set by the field ue-Category
The field ue-Category defines a combined uplink and downlink capability. UE category 6, 7 and 8 are introduced in LTE Release 10 and are mainly for CA purpose, but earlier UE category 1 to 5 can also be capable of CA. Following analysis is based on the assumption that Cat 1-5 UEs may support CA, and Cat 6-8 UEs may support CCs more than 3.
In table 1, we analyze the parameters reflected by the ue-Category: 
Table 1: Parameters reflected by the field ue-Category
	
	Parameters
	Coordination is needed?
	Reason

	DL only
	Maximum number of DL-SCH transport block bits received within a TTI;
	Yes
	Per UE parameter, however the MeNB and the SeNB schedule the UE independently. 
For instance a category 4 UE is configured with two 20MHz CCs/2-layer MIMO in the MeNB and the SeNB respectively, the capability may be exceeded if the MeNB and the SeNB schedule the UE in the same TTI even if “Maximum number of bits of a DL-SCH transport block received within a TTI” is guaranteed by the MeNB and the SeNB. 

	
	Maximum number of bits of a DL-SCH transport block received within a TTI;
	No
	Per CC parameter.

	
	Total number of DL-SCH soft channel bits;
	Yes
	Per UE parameter, same as “Maximum number of DL-SCH transport block bits received within a TTI;

	
	Maximum number of bits of a MCH transport block received within a TTI;
	No
	Per CC parameter.

	
	Maximum number of supported layers for spatial multiplexing in DL
	No
	Per CC parameter.

	UL only
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI;
	No
	Per CC parameter.

	
	Maximum number of UL-SCH transport block bits transmitted within a TTI;
	Yes
	Per UE parameter, same as “Maximum number of DL-SCH transport block bits received within a TTI;

	
	Support for 64QAM in UL;
	No
	Per CC parameter.

	Both DL and UL
	Total layer 2 buffer size
	Yes
	Per UE parameter, same as “Maximum number of DL-SCH transport block bits received within a TTI;


Based on the analysis in table 1 above, we can observe that:

Observation 1: Regarding the parameters set by the field ue-Category, the coordination between the MeNB and the SeNB is needed at least for the parameters “Maximum number of DL-SCH transport block bits received within a TTI”, “Total number of DL-SCH soft channel bits”, “Maximum number of UL-SCH transport block bits transmitted within a TTI ” and “Total layer 2 buffer size”.
2.2   Parameters independent of the field ue-Category
Lots of parameters are independent of the field ue-Category, we only list the parameter which may need coordination between the MeNB and the SeNB as below:

maxNumberROHC-ContextSessions
The parameter is per UE capability. This parameter needs to be split for UP alternative 1A because independent PDCP entities are allocated/ managed in the MeNB and the SeNB.

Observation 2: Regarding the parameters independent of the field ue-Category, the coordination between the MeNB and the SeNB is needed at least for the parameter “maxNumberROHC-ContextSessions”.
Based on the analysis in section 2.1 and 2.2, we propose:

Proposal 1: Following UE capability parameters need to be split between the MeNB and the SeNB:

· “Maximum number of DL-SCH transport block bits received within a TTI”;
· “Total number of DL-SCH soft channel bits”;
· “Maximum number of UL-SCH transport block bits transmitted within a TTI ”;
·  “Total layer 2 buffer size”;
· “maxNumberROHC-ContextSessions”;
2.3   Potential solutions

For coordination and split of the UE capability parameters, following solutions can be considered:

Solution 1: The MeNB grants a part of the UE capability (provides restrictions) to the SeNB
Following factors can be considered for the decision of capability splitting:

· MeNB/SeNB capability;

· Dual connectivity configurations;

· Cell situation for the UE, e.g. signalling quality;

· Cell configurations;

· UE capabilities;

We can see that the MeNB almost knows all things, therefore the MeNB can estimate how many resources the SeNB can provide for the UE. It is feasible and simple that the MeNB grants capability constraints to the SeNB. The UE capability restrictions can be updated according to varying radio/load conditions etc. It is possible that the MeNB provides multiple subsets of UE capability constraints and the SeNB can select one from the subsets and then informs the MeNB the result. 
This solution is very simple, but the performance will be impacted a bit.

Solution 2: UE based solution

To mitigate potential performance degradation of (semi-)static split strategy, it is possible to have more aggressive configuration, e.g. not explicitly split the UE capabilities and rely on the eNB scheduling and the UE assistance information. For example, UE takes care whether its maximum capability will be exceeded according to radio conditions and report lower level CQI to the MeNB and/or the SeNB such that both or one of the eNBs allocates less radio resources to the UE. The UE can also report CQI of both eNBs to the MeNB and the SeNB so that both eNBs can know radio conditions of each other and adjust their resource allocation strategy accordingly. The UE may ignore DL assignment/UL grant from one of the eNBs if it predicts or determines that its maximum capability is to be exceeded. The UE can report to one of the eNBs such situation so that this eNB may reduce resources allocated to the UE. 

There are still risks of exceeding the maximum capability or degrading the overall performance. The UE processing complexity is also increased.
Solution 3: The MeNB and the SeNB use the left capability according to each other’s configuration

The MeNB and the SeNB comprehend each other’s UE capability configuration, and configure UE capability using the left part when they receive the configuration from the other eNB through RRC container. In this option, both the MeNB and the SeNB can determine its UE capability configuration. 
The solution is complex and the performance is not good because there is not a central point to determine and coordinate the parameters, more signalling / negotiation procedures may be needed for final decision of parameters if one of the eNBs cannot accept the other eNB’s UE capability configuration. Once the UE capability configuration is updated in one of the eNBs, the UE capability split may have to be re-negotiated and reconfigured for both eNBs.  

Solution 4: Fixed UE capability per CC
As mentioned in [3], one possible solution is to define UE L1 processing capability per MeNB link and SeNB. The similar way could be:

· Cat. 1-5 UE cannot support dual connectivity;

· Cat. 6-7 UE can support dual connectivity but 1 CC in MeNB, 1CC in SeNB;

· New Cat shall be introduced in the fixed way, i.e. if the cat is introduced for 3CCs, then it can only be used for 3CCs;

For instance, a category 6 UE is configured with two 20MHz CCs with 2 layers in the MeNB and the SeNB respectively, the “Maximum number of DL-SCH transport block bits received within a TTI” is divided by 2 and so that UE can receive maximum “150752” bits in the MeNB and maximum “150752” bits in the SeNB within a TTI. 
With this solution, the problem for “Maximum number of DL-SCH transport block bits received within a TTI”, “Total number of DL-SCH soft channel bits”, “Maximum number of UL-SCH transport block bits transmitted within a TTI “ and “Total layer 2 buffer size” could be mitigated.  But it cannot solve the problem completely, for instance TM9 capable UE can support more MIMO layers than the one indicated by category, with this solution the maximum bit rates for one CC have to be fixed, that means support more MIMO layers will be useless.
Obviously this solution will restrict the UE implementation too much, and as mentioned in [3] and above, it may restrict the throughput gain of dual connectivity.
Based on the discussion above, we prefer solution 1 and propose:

Proposal 2: adopt solution 1 as baseline, i.e. the MeNB grants UE capability restrictions to the SeNB.
3   Conclusion
This contribution analyzes UE capability parameters configurations related and independent of UE category for dual connectivity purpose. Some observations are provided:
Observation 1: Regarding the parameters set by the field ue-Category, the coordination between the MeNB and the SeNB is needed at least for the parameters “Maximum number of DL-SCH transport block bits received within a TTI”, “Total number of DL-SCH soft channel bits”, “Maximum number of UL-SCH transport block bits transmitted within a TTI ” and “Total layer 2 buffer size”.
Observation 2: Regarding the parameters independent of the field ue-Category, the coordination between the MeNB and the SeNB is needed at least for the parameter “maxNumberROHC-ContextSessions”.
Based on the discussion, we propose:

Proposal 1: Following UE capability parameters need to be split between the MeNB and the SeNB:

· “Maximum number of DL-SCH transport block bits received within a TTI”;
· “Total number of DL-SCH soft channel bits”;
· “Maximum number of UL-SCH transport block bits transmitted within a TTI ”;
·  “Total layer 2 buffer size”;
· “maxNumberROHC-ContextSessions”;
Proposal 2: adopt solution 1 as baseline, i.e. the MeNB grants UE capability restrictions to the SeNB.
4   Reference
[1] TS 36.306, “User Equipment (UE) radio access capabilities”
[2] TS 36.331, “Radio Resource Control (RRC); Protocol specification”
[3] R2-134008, “Handling of Layer 1 processing capability”, Qualcomm Incorporated















































































































































































































































































































3GPP


