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1 Introduction

For dual connectivity, the MeNB and SeNB are directly in control of the scheduling for radio resources to a UE in order to maximize throughput potential under the assumption of non-ideal backhaul [1]. However, each UE will have limitations with respect to the amount of data it can process during a TTI. This contribution discusses the management of the L1 UE capability under the framework of dual connectivity.
2 Discussion

As described in 36.306 [2] the following two tables define a UE’s L1 processing capabilities:

[image: image1.emf]Table 4.1 - 1:  Downlink  physical layer parameter values set by  the field  ue - Category  

UE Category  Maximum number of  DL - SCH transport  block bits received  within a T TI   (Note)  Maximum number  of bits of a DL - SCH transport  block received  within a TTI  Total number of  soft channel bits  Maximum number  of supported  layers for spatial  multiplexing in DL  

Category 1  10296  10296  250368  1  

Category 2  51024  51024  1237248  2  

Categ ory 3  102048  75376  1237248  2  

Category 4  150752  75376  1827072  2  

Category 5  299552  149776  3667200  4  

Category 6  301504  149776 (4 layers)   75376 (2 layers)  3654144  2 or 4  

Category 7  301504  149776 (4 layers)   75376 (2 layers)  3654144  2 or 4  

Category 8  299856 0  299856  35982720  8  

NOTE:   In carrier aggregation operation, the DL - SCH processing capability can be shared by the UE with that  of MCH received from a serving cell. If the total eNB scheduling for DL - SCH and an MCH in one  serving cell at a given TTI is lar ger than the defined processing capability, the prioritization between  DL - SCH and MCH is left up to UE implementation.  

  Table 4.1 - 2: U plink  physical layer parameter values set by  the field  ue - Category  

UE Category  Maximum number of  UL - SCH transport  block b its transmitted  within a TTI  Maximum number  of bits of an UL - SCH transport  block transmitted  within a TTI  Support for  64QAM in UL  

Category 1  5160  5160  No  

Category 2  25456  25456  No  

Category 3  51024  51024  No  

Category 4  51024  51024  No  

Category 5  75376  75 376  Yes  

Category 6  51024  51024  No  

Category 7  102048  51024  No  

Category 8  1497760  149776  Yes  

 


It is always important for the network to respect the indicated UE capability in the resource allocation decisions; however it should be considered how frequently overallocation would occur for the majority of deployment scenarios. For example, it can be seen that for the high-capability UEs currently supporting carrier aggregation and expected to support dual-connectivity in Rel-12 (e.g. Cat. 6-8 with 2 Tx/Rx support), DL-SCH rates range between approximately 300 Mbps and 3 Gbps. For these UEs, only in the case of low-mobility, high rate traffic on both bearers, exceptional radio quality to both the MeNB and SeNB, and in an extremely lightly-loaded network, would there be a concern of having the L1 processing capabilities exceeded with an unacceptable frequency. With this understanding, exceeding the L1 processing capability of a dual connectivity capable UE may be considered a corner-case event.
Observation 1: At least in the case of the typical UE capabilities expected to support dual connectivity, exceeding the L1 processing capability is expected to be a corner-case event.
From the perspective of the network, as a result of independent schedulers in the MeNB and SeNB, the UE’s L1 processing capability needs to be shared to ensure efficient resource allocation without overallocation. One approach is to split the L1 processing capability between the two UEs.  However, challenges of such an approach are where and how to determine the amount of the split between the two eNBs. For example, if the capability split is determined at the MeNB during the initial dual connectivity setup, it seems difficult to determine an efficient ratio between the two eNBs since the eNB will not have enough information to predict the time-varying dynamics of the UE’s channel conditions and traffic volume. In addition, the resource allocation strategies are also influenced by the presence of other UEs being served by the MeNB and SeNB, which makes determining optimal values of a split even more challenging and likely resulting in an unnecessarily conservative cap on a UE’s throughput. 
An additional approach that has been discussed in previous meetings [3]-[4] involves introducing a new inter-eNB coordination mechanism for determining a semi-static split between the MeNB and SeNB. In theory a resource negotiation procedure would allow the eNBs to more efficiently determine a L1 processing split ratio taking into account some of the aforementioned factors. However, it is expected that the efficacy of this approach would be limited by the backhaul and signaling delay. A signaling exchange on the order of seconds or even hundreds of milliseconds would not be fast enough to capture the scheduling dynamics which are exhibited at the level of subframes and/or radio frames. However, introducing a frequent, TTI-level coordination between the MeNB and SeNB is undesirable as it violates one of the design principles of dual connectivity, which is support of non-ideal backhaul and would seem to be closer to the traditional intra-eNB CA deployment scenario where resource allocation for multiple cells is managed by a central scheduler.
Observation 2: An inter-eNB coordination mechanism for determining a UE processing capability split may result in an unnecessarily conservative throughput cap.
An alternative, UE-oriented approach can be considered which takes into account the above observations while is still a simple approach for managing L1 processing capability for dual connectivity capable UEs. In this case the MeNB and SeNB do not have to determine a semi-static split and perform resource allocation independently. Without imposing a restrictive scheduling cap, the eNB schedulers have the most flexibility to fully utilize the L1 capability in response to channel and network dynamics. The combined MeNB and SeNB resource allocation may result in overallocation in a TTI, however since dual connectivity UEs are expected to be high-capability UEs and share air-interface capacity with multiple UEs (especially under MeNB cells)  it is not expected to occur with significant frequency. 
It should be noted that regardless of the solution, unless TTI-level coordination is employed, only at the UE can the instances be determined where the L1 capability has been exceeded. However, the UE can determine to drop one or more transport blocks until the processing constraints are met. The details of the dropping behavior at the UE can be specified and potentially configurable, giving additional flexibility to the network to direct transport block processing priority depending on the scenario.
Observation 3: Dropping transport blocks at the UE in the case of the L1 processing capability being exceeded is a solution which can provide the most efficient and flexible usage of a UE’s capabilities while maximizing throughput potential under dual connectivity.

Taking the above observations into account, the UE-oriented approach is proposed to be supported in Rel-12:
Proposal 1: UEs configured in dual-connectivity may drop DL-SCH TBs in case of an allocation in a given TTI which is larger than the defined processing capability.
RAN2 should further discuss details of UE dropping behavior in case of overallocation.

3 Conclusions

The following observations and conclusions are made in this contribution:

Observation 1: At least in the case of the typical UE capabilities expected to support dual connectivity, exceeding the L1 processing capability is expected to be a corner-case event.
Observation 2: An inter-eNB coordination mechanism for determining a UE processing capability split may result in an unnecessarily conservative throughput cap.
Observation 3: Dropping transport blocks at the UE in the case of the L1 processing capability being exceeded is a solution which can provide the most efficient and flexible usage of a UE’s capabilities while maximizing throughput potential under dual connectivity.

Proposal 1: UEs configured in dual-connectivity may drop DL-SCH TBs in case of an allocation in a given TTI which is larger than the defined processing capability.

With the consideration that maximizing per-UE throughput is an important design goal of dual connectivity, the solution for handling of L1 processing capability should be able to flexibly and efficiently adapt to changing traffic and radio channel dynamics. Compared to approaches based on inter-eNB coordination, a UE-oriented approach provides a simple mechanism for the likely rare cases that the processing capability is exceeded, while still allowing full utilization of a UE’s L1 processing capability.
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