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1. Introduction

In dual connectivity [1][2], UEs can be scheduled simultaneously by two eNBs (MeNB and SeNB) which are connected via non-ideal backhaul. Due to the non-ideal backhaul, it is not possible for MeNB and SeNB to exchange dynamic information (e.g. instantaneous scheduling information). The design needs to accommodate this and should not require tight coordination between the two eNBs.
One issue is the UE capability sharing between MeNB and SeNB. Given that MeNB and SeNB cannot dynamically share the scheduling information, a mechanism should be introduced to avoid or handle the issue that the scheduling from MeNB and SeNB may exceed the UE capability. In RAN2#85bis, the following agreements have been made:

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.

However, the agreements are quite vague and it is unclear how the split should be done. Also we believe RAN1 should be the WG that makes decision on physical layer capabilities. Therefore it is important for RAN1 to have such a discussion and make agreements.
In this contribution, we share our views on UE capability sharing and focus on the physical layer processing capability only.

2. UE Physical Layer Capability Sharing
The parameters for UE physical layer capability include the following (not all parameters are listed):
· DL

· UE category

· Maximum number of DL-SCH transport block bits received within a TTI
· 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
· Maximum number of bits of an MCH transport block received within a TTI (for an MBMS capable UE)
· supportedMIMO-CapabilityDL-r10: defines the number of spatial multiplexing layers in the downlink direction in a certain supportedBandCombination supported by the UE (applicable to TM9).
· …
· UL

· UE category

· Maximum number of UL-SCH transport block bits transmitted within a TTI
· Maximum number of bits of an UL-SCH transport block transmitted within a TTI
· Support for 64QAM in UL
· supportedMIMO-CapabilityUL-r10: defines the number of spatial multiplexing layers in the uplink direction in a certain supportedBandCombination supported by the UE
· ...

Before going into detailed discussion on the UE capability sharing, we first discuss the need for re-defining some of the parameters. Unlike CA where all the serving cells are synchronized (with certain accuracy), the MeNB and the SeNB are unsynchronized so the TTI boundaries for the two eNBs are not necessarily aligned. This does not affect some of the parameters such as “Maximum number of bits of a DL-SCH transport block received within a TTI” because this “TTI” corresponds to a particular serving cell. However, for the 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”, the parameter names are no longer accurate because the TTI boundaries are not aligned between the cells. As illustrated in Figure 1, TTI i in the serving cells of the MeNB overlaps with both TTI k-1 and TTI k in the serving cells of the SeNB, and TTI i+1 in the serving cells of the MeNB overlaps with both TTI k and TTI k+1 in the serving cells of the SeNB. From UE capability perspective, the maximum number of DL-SCH/UL-SCH transport block bits should not be exceeded for any of these two overlapped TTIs. To reflect this situation, the names of these two parameters should be changed accordingly, e.g. from “within a TTI” to “within the TTIs on all cells overlapping at any given time instant”.





Figure 1 Illustration of non-aligned subframe boundaries beween MeNB and SeNB
Proposal 1: The parameter names “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” should be changed to reflect the fact that the TTI boundaries are not aligned between MeNB and SeNB. For example, “within a TTI” can be changed to “within the TTIs on all cells overlapping at any given time instant”.

When an SeNB is configured for a UE, the SeNB needs to be notified of the UE capability parameters in order for the SeNB to communicate with the UE properly. This is sufficient for most of the parameters. However, some parameters indicate the total UE capability across all the cells. If MeNB and SeNB perform independent scheduling without any further coordination, it may occur that the scheduled transport blocks exceed the total UE capability. This includes:
· Maximum number of DL-SCH transport block bits received within a TTI
· Total number of soft channel bits (DL)
· Maximum number of bits of an MCH transport block received within a TTI (for an MBMS capable UE) – if MBMS is supported on SeNB
· Maximum number of UL-SCH transport block bits transmitted within a TTI
Let us first focus on the three capabilities on the number of transport block bits, and address the total number of soft channel bits later.
Dynamic coordination on the TTI level is not possible due to the long backhaul delay. So this issue can be addressed by either defining static/semi-static capability split between MeNB and SeNB so that the UE capability would never be exceeded, or allowing the UE capability to be exceeded and possibly defining UE behavior in this case.

Option 1: Static/semi-static capability split between MeNB and SeNB so that the UE capability would never be exceeded
· For semi-static split, the information/signaling regarding the UE’s capability per eNB can be exchanged on X2 interface between MeNB and SeNB. This could occur when SeNB is added, or when the number of serving cells changes in either the MeNB or the SeNB since this may affect the optimal capability split between the eNBs. It might also be considered whether the capability split might beneficially take into account the RF conditions of the UE (e.g pathloss), the bearer characteristics, and the buffer status. Therefore, semi-static split via signaling provides more flexibility than pre-defined split in specifications.

Option 2: Change the specifications so that the scheduling is allowed to exceed the UE capability, and possibly defining UE behavior when this occurs.
· Currently the eNB is required to respect UE capability when performing the scheduling, meaning that UE capability should not be exceeded any time (otherwise unspecified UE behavior). Option 2 would require removing this constraint. When the UE capability is exceeded, it can be either left to UE implementation on how to handle it, or some prioritization rules are defined, e.g. MeNB transport blocks are prioritized over SeNB transport blocks. Given that RAN2 has agreed on the working assumption “The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE” as the guideline, it makes sense to prioritize MeNB over SeNB.
Comparing the two options, option 2 has the advantage of allowing each eNB to schedule up to UE’s full capability, but with potential drop of transport blocks that would degrade the performance. However, the probability of exceeding the maximum number of transport block bits received within a TTI should be very small in the context of dual connectivity considering the following factors:
· To exceed the UE capability, it would require all of the following: (1) The UE has excellent RF to both MeNB and SeNB. This is highly unlikely because MeNB and SeNB are not co-located. (2) The UE is scheduled to use (close to) the full bandwidth. This occurs when the UE is the only active UE in the system. (3) The UE has lots of data to deliver from both eNBs. The chances that all these conditions are satisfied would be very slim.
· It is relatively easier to exceed the UE capability for lower UE categories. However, it does not make much sense to configure lower category UEs in dual connectivity given that one main motivation for dual connectivity is to improve the peak data rate. So these UEs should not be the main considerations.

This suggests that option 2 is a reasonable approach. Note that option 2 can also coexist with option 1, meaning that eNB coordination is still possible even though the UE is not aware of it. So it is consistent with RAN2’s agreements. But option 2 gives additional flexibility.

Proposal 2: For the following three capabilities,

· 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 (for an MBMS capable UE) – if MBMS is supported on SeNB, pending RAN2 decision
· Maximum number of UL-SCH transport block bits transmitted within a TTI
the scheduling from MeNB and SeNB is allowed to exceed the UE capability. When it occurs, the UE drops some of the transport blocks until the total number of transport block bits falls within the UE capability. The transport blocks from MeNB are prioritized over those from SeNB.

On the total number of soft channel bits, this parameter is used for rate matching at the eNB and decoding and soft buffer management at the UE. The existing mechanism used for CA is sufficient for dual connectivity, and there is no reason to change the existing behavior, or perform any kind of splitting or coordination. This would be contradictory to RAN2’s agreements, so if RAN1 agrees on this, RAN2 should be notified.
Proposal 3: There is no splitting or coordination between MeNB and SeNB on the total number of soft channel bits. The existing CA mechanism on rate matching and soft buffer management is directly reused. Send an LS to RAN2.
3. Conclusions

In this contribution, we have discussed the necessity of the UE capability split between MeNB and SeNB. In summary, we have proposed the following:
Proposal 1: The parameter names “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” should be changed to reflect the fact that the TTI boundaries are not aligned between MeNB and SeNB. For example, “within a TTI” can be changed to “within the TTIs on all cells overlapping at any given time instant”.

Proposal 2: For the following three capabilities,

· 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 (for an MBMS capable UE) – if MBMS is supported on SeNB, pending RAN2 decision
· Maximum number of UL-SCH transport block bits transmitted within a TTI
the scheduling from MeNB and SeNB is allowed to exceed the UE capability. When it occurs, the UE drops some of the transport blocks until the total number of transport block bits falls within the UE capability. The transport blocks from MeNB are prioritized over those from SeNB.

Proposal 3: There is no splitting or coordination between MeNB and SeNB on the total number of soft channel bits. The existing CA mechanism on rate matching and soft buffer management is directly reused. Send an LS to RAN2.
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