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1 Introduction

In LTE, split bearer is mainly designed to enhance throughput, i.e. to allow capacity aggregation of MCG and SCG. UL split bearer was introduced in Rel-13 aiming at enhancing UL throughput. In NR, split bearer may be used for other purposes such as data duplication and fast recovery using backup leg (switching) in EN-DC architecture, with reduced focus to throughput enhancement. In this contribution, we discuss the switching use case for split bearer design.
2 Discussion

Currently, split bearer refers to a radio bearer that is configured with one PDCP and two RLCs, one at MCG and one at SCG. When a split bearer is configured, the data on the split bearer may be sent to either of the two RLCs (legs). In LTE, UL split bearer is generally designed to support link aggregation although other cases are not excluded. The threshold-based UL split bearer data volume calculation is a good example of link aggregation-centric design: 

· In LTE, when the data buffered is below threshold, the buffer status is reported to only one link. When the data buffered is above threshold, the buffer status is reported to both links.
Observation 1: In LTE, split bearer design assumes aggregation use case.
In NR, we see various benefits of UL link switching, i.e. data available at PDCP is only sent via one active leg at a time:

1. UL link switching is beneficial to support fast recovery for most eMBB applications. We envision in NR DC and in EN-DC architecture, the UL split bearer is most used for the use case of fast recovery, e.g. the LTE leg is used as a backup leg and the NR leg is used for most transmissions. The NR SCG may have large bandwidth, e.g. 800MHz. In this case, the NR SCG throughput is sufficient to support eMBB service requirements. LTE MCG may be useful as a backup link for data recovery when NR SCG experiences a blockage. 
2. The UE in field is often in uplink power limited scenario. With the potential large uplink data transmissions in NR SCG, the UE may be better served by focusing its uplink power on one uplink transmission at a time, and especially if one uplink requires very high transmit power to reach the base station. 
3. Reduce reordering time and buffer requirements for Rx side. When link aggregation is assumed, the reordering timer should be configured at a large value, e.g. > 100ms, to absorb the various delays from two links and inaccuracy due to the potential delay at coordination. The larger the two links’ throughput and scheduling delay differ and the higher backhaul jitter, the larger the worst case reordering timer duration is to support in-sequence packet delivery to L3. In realistic high data rate skew EN-DC scenario where link conditions cannot be perfectly estimated, compared to a link aggregation, the gain of short reordering time for link switching will be visible to the end user. Furthermore, large reordering time implies both the transmitting and the receiving devices must support unrealistic buffer size in order to hold the pending data during the reordering time. If link switching is assumed, the reordering timer can be configured at relatively small values, i.e. the value only needs to be large enough for HARQ reordering, similar to in LTE RLC. As only one link is active at a time, the t-reordering duration only needs to accommodate the retransmission time on the slower link. 
4. Reduce complexity of UL preprocessing. In NR, preprocessing at L2 should be allowed. With UL aggregation, the preprocessing can be very complicated and greatly impact the performance. UL switching reduces the complexity.
Observation 2: In NR, UL switching can support fast recovery, improves performance by focusing power on one leg, and eases UE and NW implementation compared to aggregation-centric splitting.
Considering the various benefits of UL link switching, we suggest RAN2 to study UL switching in split bearer architecture. There are several models that may be used to implement UL switching. Assuming LTE-like split bearer architecture, we can consider the following models:

· Model 1: The ul-DataSplitThreshold is set to 0, i.e. PDCP buffer status is always reported to both legs. UL switching may be implemented by the NW so that the grant is only scheduled for one leg. This model requires tighter coordination of two gNBs and may be more difficult to achieve best performance.
· Model 2: The ul-DataSplitThreshold is set to infinite or not configured, i.e. PDCP buffer status is always reported to the configured leg (based on ul-DataSplitDRB-ViaSCG). To perform switching, a ul-DataSplitDRB-ViaSCG reconfiguration is required.
· Model 3: MCG or SCG bearer is used for UL data. If DL aggregation is necessary, DL MCG or SCG split bearer should be configured. A bearer type change will be required to switch data path. This approach may be more complicated as UL RLC feedback is still needed if DL aggregation is used.

Observation 3: UL switching may be implemented by configuring 0 (model 1) or not configured (model 2) ul-DataSplitThreshold for split bearer, or by configuring MCG-only or SCG-only bearer only for UL (model 3). 
Proposal 1: RAN2 studies how to support UL switching in split bearer architecture.

In order to fully utilize the benefits of switching, one should note that the switching frequency should be limited. Otherwise, in the extreme case, switching may be per packet and the behavior would be similar to aggregation. We think rapid UL switching is not necessary. A reasonable switching frequency may be at 100s of ms or 10s of ms granularity.
Observation 4: The rate of switching should be restricted, e.g. at 100s of ms or 10s of ms granularity.

Proposal 2: RAN2 studies ways to control switching rate for DL and UL switching to ensure switching benefits.
Although more studies may be needed, we think by default UE supporting split bearer supports both UL aggregation and UL switching. Considering the complexities of supporting UL aggregation, UE shall be able to signal its capabilities of UL switching to indicate whether it supports UL switching only or both for UL split bearer. 
Proposal 3: The UE shall be able to indicate a UL switching mode operation for DRBs in its capabilities.
3 Summary
Observation 1: In LTE, split bearer design assumes aggregation use case.

Observation 2: In NR, UL switching can support fast recovery, improves performance by focusing power on one leg, and eases UE and NW implementation compared to aggregation-centric splitting.
Observation 3: UL switching may be implemented by configuring 0 (model 1) or infinite (model 2) threshold for split bearer.

Observation 4: The rate of switching should be restricted, e.g. at 10s of ms granularity.

Proposal 1: RAN2 studies how to support UL switching in split bearer architecture.

Proposal 2: RAN2 studies ways to control switching rate for DL and UL switching to ensure switching benefits.
Proposal 3: The UE shall be able to indicate a UL switching mode operation for DRBs in its capabilities.

 

