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Introduction
At the last RAN2 meeting the topic of split bearer harmonization was discussed in relation to [R2-1703170 and R2-1703937]. There was no agreed text proposal from the discussion but there was a consensus that RAN2 should aim at unify split bearer type options for LTE-NR DC, i.e. option 3/4/7 family. Contributions were invited for the RAN2#98 meeting.
This contribution addresses this topic and proposes that split bearers should be harmonized (at least from a UP point of view) and that the switching between bearers split/no-split shall be supported without PDCP re-establishment in cases where the PDCP is not re-located (i.e. when there is no requirement to change security key).
Motivation for harmonization
As discussed on last meeting the PDCP layer of MCG split and SCG split bearers need similar functionality. E.g. PDCP needs to support both LTE and NR RLC layers, support reordering functionality, etc. From this point of view it makes sense to only define a single PDCP layer which can be used both for MCG split and SCG split bearers. A single PDCP layer will reduce testing and implementation effort and minimize market fragmentation (e.g. differnet networks / UEs supporting different solutions). It is assumed that this PDCP layer is the same PDCP layer used for NR standalone operation. 
[bookmark: _Toc481066457][bookmark: _Toc481742862][bookmark: _Toc481742889]It makes sense to define a single PDCP layer supporting both MCG split and SCG split bearers.
[bookmark: _Toc481658826][bookmark: _Toc481737749][bookmark: _Toc481742500][bookmark: _Toc481742506][bookmark: _Toc481742830][bookmark: _Toc481742883][bookmark: _Toc481797288]A single PDCP layer supporting both MCG and SCG split bearers should be defined
Defining a single PDCP layer for MCG split and SCG split will however not lead to complete harmonization of the bearers since there is also additional things that could differ for the different bearer cases:
1. Which RRC layer configures the PDCP layer?
2. Which encryption key is used?
3. How does the bearer switching look like? E.g. When is PDCP re-establishment required. 
From a technical point of view it may not be needed to harmonize the first two aspects above, however it would be desirable if any harmonization solution at least support the following requirements:
· The network shall be able to terminate the bearers either in MeNB or SeNB or common CU.
· It should be possible to switch between split and no-split bearers without re-establish PDCP in cases where the PDCP termination point is not moved.
The motivation for the former requirement is due to that for different deployment scenarios it may be required to support different termination points. E.g. 
· In some scenarios the operator may want to support UP termination in the MeNB to minimize the impacts of introducing EN-DC.
· In other scenarios the operator may want to support UP terminated in the SeNB to optimized packet routing, latencies for NR traffic.
· In other scenarios the operator wants to terminate all PDCP in a centralized/virtualized data center and does not want to move the termination point when swithching between LTE and EN-DC.
The motivation for the latter requirement is related to that the switching between split and no-split bearer is expected to occur quite frequently (possible more frequent that handover). Re-establishing PDPC will have a negative impact on the performance since lower layers need to be flushed at re-configuration to ensure that the UE receives packets with the new PDCP configuration after the re-configuration. For handover inside NR it was agreed not to mandate PDCP re-establishment if the PDCP context is not relocated.
[bookmark: _Toc481066461][bookmark: _Toc481066510][bookmark: _Toc481066819][bookmark: _Toc481658828][bookmark: _Toc481737750][bookmark: _Toc481742501][bookmark: _Toc481742507][bookmark: _Toc481742831][bookmark: _Toc481742884][bookmark: _Toc481797289]The network shall be able to terminate the split bearers either in MeNB or SeNB or common CU.
[bookmark: _Toc481066462][bookmark: _Toc481066511][bookmark: _Toc481066820][bookmark: _Toc481658829][bookmark: _Toc481737751][bookmark: _Toc481742502][bookmark: _Toc481742508][bookmark: _Toc481742832][bookmark: _Toc481742885][bookmark: _Toc481797290]It should be possible to switch between split and no-split bearers without re-establish PDCP in cases where the PDCP termination point is not moved.
Bearer switching without PDCP re-establishment
It is assumed that any bearer switching will include an RRC re-configuration message, e.g. to add or remove SCG configuration, etc. Nevertheless, as discussed before it is desirable to not re-establish the PDCP layer when it is not needed since that would require flushing of ongoing RLC buffers etc.
[bookmark: _Toc481742863][bookmark: _Toc481742890]Any bearer switching would require an RRC re-configuration message, however it is not required to re-establish PDCP layer in scenarios where the PDCP layer is not moved.
One difficulty to avoid PDCP re-establishment for EN-DC is for the case the UE first is in LTE using LTE PDCP and security key KeNB/KUPenc. In this case it would not be possible to switch back and forth between a harmonized PDCP bearer either terminated in the MeNB or SeNB without performing a PDCP re-establishment. In order to allow this, it would also be required that the network can setup the harmonized PDCP layer for UEs operating in LTE only. 
[bookmark: _Toc481066463][bookmark: _Toc481066512][bookmark: _Toc481066821][bookmark: _Toc481737752][bookmark: _Toc481742503][bookmark: _Toc481742509][bookmark: _Toc481742833][bookmark: _Toc481742886][bookmark: _Toc481797291][bookmark: _Toc481658830]It should be possible to configure the same PDCP version as used for split bearers already when the UE operate in LTE only, to allow switching to and from split bearers without PDCP re-establishment due to protocol change. 
[bookmark: _Toc481066464]Additionally, in case network desire to terminate the split bearers used for EN-DC in a node separate from the MeNB, it should be possible to also in this case to move to and from this split bearer without PDCP re-establishment assuming the PDCP termination point is not moved. Essentially this means the following:
· [bookmark: _Toc481066465]When the UE is in LTE it should be allowed to setup a bearer terminated in a candidate SeNB prior to entering EN-DC.
· [bookmark: _Toc481066466]When the UE is leaving EN-DC with SCG bearers the UE should be allowed keep the bearer termination point in the SeNB until the network decides to move the bearer termination.
It would be up to RAN3 to define the signalling to support this in the network, nevertheless it would be beneficial if the radio interface supports such configurations. The main impact on the radio interface to support this would be to allow the LTE eNB to configure the UE to use S-KeNB prior to entering DC.

[bookmark: _Toc481066467][bookmark: _Toc481066513][bookmark: _Toc481066822][bookmark: _Toc481658831][bookmark: _Toc481737753][bookmark: _Toc481742504][bookmark: _Toc481742510][bookmark: _Toc481742834][bookmark: _Toc481742887][bookmark: _Toc481797292]When the UE is in LTE it should be allowed to setup a bearer terminated in a candidate SeNB prior to entering EN-DC.
[bookmark: _Toc481066468][bookmark: _Toc481066514][bookmark: _Toc481066823][bookmark: _Toc481658832][bookmark: _Toc481737754][bookmark: _Toc481742505][bookmark: _Toc481742511][bookmark: _Toc481742835][bookmark: _Toc481742888][bookmark: _Toc481797293]When the UE is leaving EN-DC with SCG bearers the UE should be allowed keep the bearer termination point in the SeNB until the network decides to move the bearer termination.
Conclusion
As discussed in the paper it is beneficial to harmonized the SCG and MCG split bearers to use the same PDCP protocol. 
In section 2 we made the following observations:
Observation 1	It makes sense to define a single PDCP layer supporting both MCG and SCG split bearers.
Observation 2	Any bearer switching would require an RRC re-configuration message, however it is not required to re-establish PDCP layer in scenarios where the PDCP layer is not moved.
It is proposed to agree on the following proposals:
Proposal 1	A single PDCP layer supporting both MCG and SCG split bearers should be defined
Proposal 2	The network shall be able to terminate the split bearers either in MeNB or SeNB or common CU.
Proposal 3	It should be possible to switch between split and no-split bearers without re-establish PDCP in cases where the PDCP termination point is not moved.
Proposal 4	It should be possible to configure the same PDCP version as used for split bearers already when the UE operate in LTE only, to allow switching to and from split bearers without PDCP re-establishment due to protocol change.
Proposal 5	When the UE is in LTE it should be allowed to setup a bearer terminated in a candidate SeNB prior to entering EN-DC.
Proposal 6	When the UE is leaving EN-DC with SCG bearers the UE should be allowed keep the bearer termination point in the SeNB until the network decides to move the bearer termination.
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