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1 Introduction

With the non-ideal backhaul assumption in dual connectivity, separate schedulers in the MeNB and SeNB may cause the problem that the total scheduling results from the two schedulers exceed the UE’s physical layer processing capability. In the previous RAN2&RAN1 meetings, how to handle this problem was widely discussed and finally achieve the following agreements in the last RAN2 meeting [1]:
· For “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of UL-SCH transport block bits transmitted within a TTI” the MeNB splits these UE capability restrictions between itself and the SeNB. 
· For all other capabilities (e.g. “Total number of DL-SCH soft channel bits”, “maxNumberROHC-ContextSessions”, “supportedMIMO-CapabilityUL-r10”, “supportedMIMO-CapabilityDL-r10”, “supportedBandual connectivityombination”) the MeNB provides the MCG configuration and the complete UE capabilities to the SeNB. MeNB and SeNB comprehend the configuration of each other, and use the left-over capability according to each other’s configuration and the UE maximum capabilities.
In this contribution, the UE processing capability in dual connectivity is further discussed and some enhancements are proposed to deal with possible system performance loss with UE capability splitting.
2 Enhancements of UE processing capability splitting
For carrier aggregation, only the soft buffer is split among all configured serving cell, while keeping the maximum number of DL/UL-SCH transport block bits per cell relatively unrelated to the number of configured serving cells. By this way, good flexibility can be achieved without the risk that sum of SCH transport block bits across all serving cells exceeds the UE capability, due to the centralized scheduler controlling all cell’s scheduling jointly, 
In dual connectivity, however, the UE capability of “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of UL-SCH transport block bits transmitted within a TTI” were agreed to be split between the MCG and SCG, to reduce the risk of independent scheduling decisions from two eNBs resulting into overflow of sum of scheduled transport block bits. The allocation proportion of each cell group is decided by the MeNB. One scheduler can only schedule the data according to the configured maximum SCH size even if there is large amount of left-over UE processing capability in the other cell group. For periods where less data is scheduled in one eNodeB due to sparse real-time traffic or poor channel conditions, while large amounts of data is required in the other eNodeB, such kind of semi-static splitting of processing capability will lead to undesired inefficiency. One example is when a UE is configured with DRX, in the period of inactivity no UE processing capability is needed at all for the cells belonging to this eNodeB. An example figure is given in Figure 1 in which it can be seen that the capability allocated to MeNB is undesirably wasted in the DRX duration.
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Figure 1: Semi-static split of UE capacity between eNBs

A straightforward way to avoid such a waste is to indicate to the SeNB of when a dual connectivity UE is in DRX under MeNB, and allow all the UE processing capability to be temporarily used by SeNB, as illustrated in Figure 2. By this way, more efficient UE capability sharing between eNB and better UE perceived throughput can be achieved, without the risk that the sum of scheduled SCH exceeds user capability.   
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Figure 2: UE capability fully allocated to one eNB in DRX period of the other CG

The exact time for the UE to be awake and fall back to asleep depends on the DRX parameters, eNodeB scheduling decision, UE decoding success, and etc. For example, the “inactivity-timer” starts/restarts once an initial data scheduling result is received and ends up with the inactivity-timer duration expiring, where “inactivity-timer” is defined as the duration in downlink subframes that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions)[2]. For dual connectivity, the two independent schedulers in each cell group and different UE decoding performance may introduce unpredictable DRX related timers start-up and expiring. As a result, it is desirable for the scheduler in one eNodeB to get the exact time of the UE is asleep in the cell group belonging to the other eNodeB to decide whether the UE capability quota can be temporarily reused.
Considering the transmission latency between eNodeBs and effectiveness of the time information, this message should be sent to the eNodeB by the UE through L1 signalling. 
Proposal1: L1 signal is defined for dual connectivity UE to report the inactivity duration of DRX in one cell group to the other eNodeB, to allow the other eNB temporarily use all the processing capability. 
In addition to inactivity, during a period where the UE experiences poor channel conditions to SeNB, the maximum UE capability allocated to SCG may be much redundant. Thus the residual UE processing capability in the SCG to MeNB would be helpful for MeNB to catch up with the real-time channel condition and scheduling of SeNB. This is quite similar as the PHR (power headroom report) in dual connectivity in which one scheduler can make scheduling decisions with the aid of PHR of the other cell group.
Proposal2: Dual connectivity UE reports the residual processing capability in the SCG to MeNB.
3 Conclusions
In this contribution we analyzed the drawbacks of UE processing capability splitting in dual connectivity and have the following observation and proposals to improve the system performance:
Proposal1: L1 signal is defined for dual connectivity UE to report the inactivity duration of DRX in one cell group to the other eNodeB, to allow the other eNB temporarily use all the processing capability.
Proposal2: Dual connectivity UE reports the residual processing capability in the SCG to MeNB.
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