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1 Introduction

Dual connectivity has been approved as a work item. This work item aims at specifying dual connectivity operation for UEs with multiple Rx/Tx in RRC_CONNECTED mode. A large part of specification work relates to RAN2 but there are also some potential impacts on RAN1. 

In this contribution, we discuss the issues related to sharing the UE capabilities between MeNB and SeNB in dual-connectivity.

2 Discussion
In the context of dual-connectivity, the UE needs to be able to operate properly under a wide range of configurations.

· Single- and dual- connectivity. The UE needs to operate as currently defined when SeNB is not added (single-connectivity), and the UE needs to be able to smoothly transition to dual-connectivity when SeNB is added.

· Carrier aggregation. Both MeNB and SeNB can configure multiple carriers. MeNB can activate and deactivate Cells associated with MeNB. SeNB can activate and deactivate Cells associated with SeNB. For dual-connectivity, it has been agreed that the maximum total number of serving cells that for a UE is 5, as for carrier aggregation.
· Bearer configuration. For U-plane transmission, it has been decided that both Alternative 1A (no bearer split) and 3C (bearer split) will be supported. Further for a given UE, various combinations of bearer configuration can coexist. For example, some bearers of a UE utilizes split (3C) while other bearers are only served by the MeNB, or some bearers of a UE are served by SeNB (1A) while other bearers are only served by the MeNB. 

· FDD and TDD. The UE needs to be able to operate with all combinations of duplexing between MeNB and SeNB: (a) FDD MeNB and SeNB; (b) TDD MeNB and SeNB; (c) FDD MeNB and TDD SeNB; (d) TDD MeNB and FDD SeNB;

All of these factors need to be taken into account when considering the UE capabilities. 

There are several aspects defined as UE radio access capability parameters, as discussed in the sections below. It is expected that E-UTRAN respect the signalled UE radio access capability parameters when configuring the UE and when scheduling the UE. This contribution addresses concern over operation of UE Category 1-10 since UE Category 8 parameters (“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”) have already been fully dimensioned for 5 serving cells and 2 TBs per TTI.

2.1 Downlink

2.1.1 Transport block sizes

For a given UE, there are two aspects in terms of downlink transport block sizing capability in a TTI. Here TBSmax,DL refers to Maximum number of bits of a DL-SCH transport block received within a TTI, tot-TBSmax,DL refers to Maximum number of DL-SCH transport block bits received within a TTI.

These two TB parameters, tot-TBSmax,DL and TBSmax,DL, are inputs to the scheduler in the eNBs. Keeping TBSmax unchanged is desirable since the UE is capable of receiving such a TB. 

For tot-TBSmax,DL, a conflict arises when two schedulers happens to simultaneously schedules large transport blocks from MeNB and SeNB in the same subframe. From UE’s perspective, this is an error case. The corresponding UE behaviour for this is then unspecified. At the eNB side this may in the worst case result in that  the maximum numbers of HARQ retransmissions are exhausted, after which the RLC level has the opportunity to re-segment and reduce the TB size in the ARQ process.
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Figure 1. Error cases due to transmitted TBs exceeding tot-TBSmax can be handled via the HARQ and ARQ mechanisms.
Additionally, to control the impact of potential conflict, the MeNB and SeNB scheduling algorithm can take several factors into account:

· Reducing the probability of losing the initial transmission (RV=0) which contains the systematic bits by repeating the initial transmission several times, when the eNB may suspect that there is a problem.

· For UP Alternative 3C, the MeNB can keep statistics of the amount of PDCP PDUs sent via SeNB. If a large volume of traffic is sent via SeNB, the MeNB can voluntarily reduce the total number of transport block bits it sends to the UE in a TTI.

· The MeNB and SeNB can use UE feedback, such as consecutive NACKs or DTXs of a HARQ process, to deduce the potential tot-TBSmax,DL conflict. Thus MeNB and SeNB can reduce the total number of transport block bits it sends in a TTI. For example, the eNB can voluntarily end the HARQ process in question and invoke re-segmentation in RLC. The eNB may also randomize its transmission time to avoid collision in the same subframe.

These are all example methods of eNB implementation where no explicit specification change is necessary. 

Overall, it is better that tot-TBSmax,DL and TBSmax,DL are unchanged for both MeNB and SeNB, so that active eNB is allowed to opportunistically transmit with the largest TB size and the peak data rate. This is particularly important when considering the diversity between MeNB and SeNB, where one link experiences favourable channel condition while the other link experiences deteriorated channel condition.

Proposal 1:  “Maximum number of bits of a DL-SCH transport block received within a TTI” and “Maximum number of DL-SCH transport block bits received within a TTI” are unchanged for both MeNB and SeNB.
2.1.2 Soft buffer allocation

There are two aspects to soft buffer allocation: (a) the virtual soft buffer at the transmitter (i.e., eNB) side, and (b) the soft buffer storage at the receiver (i.e., UE) side.

At the transmitter (MeNB, SeNB):
The virtual soft buffer size used for rate matching at the eNB side is derived as:
-
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for DL-SCH and PCH transport channels,


where NIR is equal to:
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where Nsoft is the total number of soft channel bits according to the UE category.

For the transmitter side at MeNB or SeNB, each eNB applies KC (=1, 2, or 5) according to the UE category and the maximum number of MIMO layers UE supports, where MeNB and SeNB uses the same KC value. The parameter KMIMO is either 1 or 2 depending on the transmission modes the eNB configures, where MeNB and SeNB may use different KMIMO values. The parameter MDL_HARQ ​is the maximum number of DL HARQ processes, which the MeNB and SeNB may have different values, for example if MeNB uses FDD while SeNB uses TDD. This is similar to the procedure in CA. As the rate matching size is independent of the actual number of activated carriers it is clear that there is no impact on the UE design to support dual connectivity.
At the receiver (UE):

Both for FDD and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at least 
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 transport blocks, upon decoding failure of a code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least 
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 are defined in subclause 5.1.4.1.2 of TS 36.212. 
Similar to the transmitter side, the UE uses KMIMO and MDL_HARQ values in serving cells of MeNB and SeNB according to the configuration of the cell, which may be different between MeNB cells and SeNB cells. For 
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The introduction of dual connectivity does not change in general how the UE would need to divide its softer buffer storage as CA is still support in combination with dual connectivity. Based on this the soft buffer storage design for CA could be directly reused for the dual connectivity design, assuming that the number of cells are counted across both MeNB and SeNB. 
Proposal 2: DL soft buffer allocation at both eNB side and UE side reuses the CA design.
2.2 Uplink

Similar to downlink, in the uplink the UE category parameters also defines TBSmax,UL and tot-TBSmax,UL, where TBSmax,UL refers to Maximum number of bits of a UL-SCH transport block transmitted within a TTI, tot-TBSmax,UL refers to Maximum number of UL-SCH transport block bits transmitted within a TTI.

There is the same desire of leveraging diversity between MeNB and SeNB, and opportunistic maximum-sized TB transmission. Again this is not a problem unless MeNB and SeNB simultaneously schedules the UE to transmit close to peak in the same subframe.

When conflict over tot-TBSmax,UL occurs, the UE can selectively drop transmission of one or more TBs. The eNB can rely on the HARQ and ARQ process to address the problem.

· The eNB can reduce the probability of losing the initial transmission (RV=0), which contains the systematic bits, by explicitly provide RV number (RV=0) via PDCCH for the UL retransmission. Thus the UE will repeat the initial transmission instead of following the predefined RV sequence.

· The MeNB and SeNB can keep track of the sequence of non-detected PUSCH transmissions to sense conflict over tot-TBSmax,UL, and respond by reducing the total number of TB bits in a TTI in subsequent TB formulation.

Proposal 3:  “Maximum number of UL-SCH transport block bits transmitted within a TTI” and “Maximum number of bits of an UL-SCH transport block transmitted within a TTI” are unchanged for both MeNB and SeNB.
3 Conclusion

In this contribution, we discussed how to handle UE capability for dual connectivity. Based on the discussion we have the following proposals

Proposal 1: “Maximum number of bits of a DL-SCH transport block received within a TTI” and “Maximum number of DL-SCH transport block bits received within a TTI” are unchanged for both MeNB and SeNB.
Proposal 2: DL soft buffer allocation at both eNB side and UE side reuses the CA design.
Proposal 3: “Maximum number of UL-SCH transport block bits transmitted within a TTI” and “Maximum number of bits of an UL-SCH transport block transmitted within a TTI” are unchanged for both MeNB and SeNB.
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