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1 Introduction

The handling of UE capabilities for operation with Dual Connectivity (DC) was discussed in both RAN1 and RAN2 and RAN2 made the following agreements:

	Agreements
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. 

2
For all other capabilities (e.g. “Total number of DL-SCH soft channel bits”, “maxNumberROHC-ContextSessions”, “supportedMIMO-CapabilityUL-r10”, “supportedMIMO-CapabilityDL-r10”, “supportedBandCombination”) 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.


From a RAN1 perspective, there are several aspects requiring further discussion, including:

a) Whether the split of the maximum number of DL/UL-SCH TB bits per subframe for a UE between the MCG and the SCG is such that the UE capability may be exceeded and the associated specification impact.
b) Assuming that CSS is supported in the SCG, whether a split is needed for the number of (E)PDCCH blind decoding operations.
c) Whether the same split applies for the maximum number of DL/UL-SCH TB bits and for the maximum UL transmission power. 
This contribution considers the above aspects for UE capability splitting in DC operation.

2 UE Processing Capabilities for DC
2.1 Splitting Maximum Number of DL/UL-SCH TB Bits per Subframe 
In order to determine whether or when it is beneficial to have a “hard” split or a “soft” split of UE processing capabilities, the respective implications are subsequently considered. A “hard” split refers to the case a maximum UE capability is split so that the total UE capability used in the MCG and the SCG never exceeds the maximum UE capability. A “soft” split refers to the case a maximum UE capability is split so that the total UE capability used in the MCG and the SCG may exceed the maximum UE capability.
Similar to a “hard” split of the UL transmission power for a UE, a “hard” split for the maximum number of DL/UL-SCH TB bits per subframe guarantees avoidance of TB retransmissions due to exceeding the respective UE maximum capability in a subframe. However, a “hard” split unnecessarily penalizes UE throughput and further increases DL/UL throughput loss and DL/UL peak rate loss of DC relative to CA. Conversely, a “soft” split allows for potentially the maximum throughout and DL/UL peak rate to be achieved at the MCG or the SCG (at the extreme case of no split) but can lead to TB retransmissions with non-zero probability.
For both the split of the UE processing capability and the split of the UL transmission power, whether a “hard” split or a “soft” split is preferable depends on the respective likelihood that the maximum number of DL/UL-SCH TB bits or 
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 is exceeded in a subframe. Since for a given UE SINR the UL transmission power is proportional to the UL-SCH TB size, a “hard” or “soft” split for the maximum UL transmission power implies a “hard” or “soft” split for the maximum UL-SCH TB bits. It is a conflicting design to have a “hard” split for the maximum UL transmission power and a “soft” split for the maximum UL-SCH TB bits (or the reverse). 

Observation 1: The same partitioning approach between the MCG and the SCG is preferable for both the UL transmission power and the DL/UL-SCH TB sizes.

Similar to the split of the UL transmission power, a “soft” split or a “hard” split for the UE processing capability can be a UE-specific decision the MeNB can make depending on a likelihood the maximum UE processing capability can be exceeded for the UE. This likelihood can be a function of the UP option (1A or 3C), the network conditions (e.g. system load) or the UE conditions (e.g. RSRP). 

For example, for UP option 1A, a UE can potentially require PDSCH reception with 20% of its maximum DL-SCH TB bits in the MCG. Although this is unlikely, especially for the higher UE categories, as for UP option 1A the PDSCH in the MCG can be expected to typically carry small RRC messages, it can be an upper limit that allows the UE to be scheduled in the MCG without restrictions in the total TB size. A “hard” split will then require the SCG to be allocated only 80% of the UE DL-SCH capability. Considering that the UE will not be frequently scheduled in the MCG and, even when it does, prioritization can apply in case the UE capability is exceeded (similar to SRB prioritization in case the total UL transmission power exceeds 
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), it is detrimental to penalize the UE capabilities and effectively transform the UE into a lower category one having 80% of the capability it would have with CA (data offloading will be on the SCG). In general, a “hard” split will always result into unused UE capability and this reduces system throughput and reduces UE throughput and peak rates. 
Moreover, assuming that each eNB knows of UE transmission/receptions patterns in the other eNB, such as the MeNB knowing TDD UL-DL configuration(s) in the SeNB, using a “hard” split for the UE processing capability is not meaningful (full UE capability can be assumed in the eNB where the UE is in the active state).
Observation 2: A UE-specific “soft” split of the maximum DL/UL-SCH TB bits for a UE can increase UE throughput and peak rates and reduce the performance gap of DC relative to CA.

A “soft” split can also avoid excessive backhaul signaling required for adjusting a “hard” split to varying channel and system conditions such as the channel a UE experiences, the amount of traffic the UE has to receive/transmit in the MCG and the SCG, the overall traffic variations in the MCG and the SCG, and so on. A two-way signaling exchange on the order of hundreds of milliseconds or even seconds is not fast enough to capture scheduling dynamics that are exhibited at the level of a few radio frames (e.g. when the SCG includes small cells where, in the order of a few frames, significant traffic variations can occur and cells can be turned ON/OFF affecting UE SINR). A “soft” split can adjust faster to such dynamics, for example through NACK/DTX statistics or, in case of split bearers (UP option 3C), through the knowledge by the MeNB of the traffic in each radio bearer (the MeNB can then adjust its scheduling without having to communicate with the SeNB). This can in turn improve UE throughput which is one of the main motivations for deploying DC. 
Observation 3: A UE-specific “soft” split of the maximum DL/UL-SCH TB bits for a UE can adjust faster to varying scheduling conditions and may not require use of backhaul signaling.  

Regarding the specification impact, due to the inter-dependence of the UL transmission power split and the maximum UL-SCH TB bits split, the impact will directly depend on the approach adopted for the maximum UL transmission power split. Assuming a “soft” split, the specification impact for the UL-SCH TB bits split is expected to be a subset of the one for the UL transmission power as the same rules can be followed for PUSCH when the UE capability is exceeded (note that PUCCH/PRACH/SRS need to also be considered for the UL transmission power split but not for the UL-SCH TB bits split). For example, a PUSCH with SRBs to the MCG can be prioritized, or a PUSCH with UCI can be prioritized over a PUSCH without UCI, or even the UE behavior can be undefined (e.g. it can be up to UE implementation which PUSCH to de-prioritize). The specification impact can be minimal by re-using Rel-10 prioritization of UL information types, defining a few additional prioritizations (e.g. for SRBs), and leaving remaining aspects to the UE implementation. For the DL-SCH, the RAN1 specification impact can be as simple as the UE prioritizing receptions by the MCG and reporting NACK/DTX to the SCG.
Observation 4: The RAN1 specification impact for “soft” split of the maximum DL/UL-SCH TB bits is expected to be a subset of the RAN1 specification impact for “soft” split of the maximum UL transmission power.  
2.2 Splitting (E)PDCCH Decoding Operations 

Assuming that CSS is supported in the SCG [1], the number of (E)PDCCH decoding operations a UE needs to perform is increased relative to CA. In order to avoid hardware changes to existing UE categories in order to support DC, it is then preferable to allocate the (E)PDCCH candidates (decoding operations) for the MCG and the SCG similar to allocating the UE transmission power or allocating the DL/UL-SCH TB bits. 
Similar to the split of the maximum DL/UL-SCH TB bits between the MCG and the SCG, the split of the maximum (E)PDCCH decoding operations between the MCG and the SCG can RRC configured. However, unlike the split of the maximum DL/UL-SCH TB bits where a “soft” one can be used as the UE knows the scheduled PDSCH receptions or PUSCH transmissions in a subframe, the split of the (E)PDCCH decoding operations needs to be a “hard” one. 
Observation 5: It is preferable to re-use existing UE categories and support DC using only software changes. The UE capability for (E)PDCCH decoding operations should be split between the MCG and the SCG.

3 Conclusions

This contribution considered the split of the maximum DL/UL-SCH TB bits capability and the (E)PDCCH decoding capability between the MCG and the SCG. Based on the observations, the following are proposed.
Proposal 1: A “soft” split of the maximum DL/UL-SCH TB bits is supported and it can range from the total DL/UL-SCH TB bits never exceeding the maximum DL/UL-SCH TB bits to having the maximum DL/UL-SCH TB bits in each of the MCG and the SCG.

Proposal 2: A “hard” split for the (E)PDCCH decoding operations between the MCG and the SCG is configured for a UE if the UE needs to perform a number of (E)PDCCH decoding operations larger than the maximum number it can support.
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