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Introduction
The following agreements were reached at the previous RAN2 meetings:
At RAN2 NR Adhoc January, 2017:
Agreements
-	Support Split bearer via SCG for E-UTRA-NR DC for case where LTE is the master node.
FFS whether SCG split bearer is support for cases where NR is the master node

Agreements
-	SCG split bearers where master node is LTE and secondary node is NR uses NR-PDCP.
-	For SCG split bearer connected to EPC there is a 1:1 mapping between S1 bearer and DRB 

Agreements:
1:	Security key refresh is not performed at every mobility procedure (i.e. handover), at least for the case of mobility where the PDCP anchor point is not changed. (To be confirmed by SA3)
1a	RAN2 will let SA3 consider whether the agreement 1 has any implication on the inputs for key derivation (e.g. PCI)

At RAN2#96:
Agreements
1	In Scenario 3A, the PDCP layer for SCG Bearers is NR-PDCP.
2	In scenario 3A, there is a 1:1 mapping between S1 bearer and DRB for SCG bearers.
3	For tight interworking, support is needed for reconfiguration between SCG bearer and MCG bearer, for reconfiguration of SCG bearer between two secondary nodes, for reconfiguration between MCG bearer and MCG split bearer (this doesn’t exclude other reconfiguration cases being discussed)
4	RAN2 will study PDCP procedures for changing the PDCP-SN length that are lossless and maintain ordered delivery of higher-layer data.  To be studied for reconfigurations between LTE and NR and reconfigurations within NR

As can be seen, RAN2 has agreed 4 different bearer types for user plane. In this contribution we discuss bearer type switches in NR as this is main specification impact (or say complexity) of different types.
[bookmark: _Ref178064866]Discussion
In LTE, MCG bearer, SCG bearer and MCG split bearer exist, and bearer type reconfigurations were defined between all these types, with the exception that a direct switch from MCG split bearer to SCG and vice versa is not supported by specification. With the introduction of the SCG split bearer in NR, further bearer type switches must be considered. 
The following Table 1 summarizes all possible bearer type reconfigurations in NR (or LTE NR DC):
Table 1: Bearer type reconfigurations in NR and LTE NR DC.
	Reconfiguration
from row to col
	MCG
	MCG split
	SCG
	SCG split

	MCG
	-
	X
	X
	Useful in LTE-NR

	MCG split
	X
	-
	Not supported in LTE
	No need

	SCG
	X
	Not supported in LTE
	-
	NR

	SCG split
	Useful in LTE-NR 
	No need
	NR
	-



From Table 1 the supported bearer type changes in LTE become obvious (X). These should also be supported in NR or LTE and NR DC. The bearer type switches are realized in RRC using MAC, RLC, and PDCP procedures. Generally, three different ways of bearer type change exist:
· Bearer type change together with handover (RrcConnectionReconfiguration including mobilityControlInfo (MCG). With this procedure, before the respective bearer type change, both MCG and SCG MAC entities are reset and RLC as well as PDCP entities of all bearers are re-established. This procedure can be considered heavy, since it affects all configured bearers, i.e. ongoing MAC and RLC transmissions are interrupted and PDCP retransmissions must be done. The advantage is that in principle all types of bearer type changes can be done during this procedure. Also security keys can be changed (during PDCP reestablishment). This way, also bearer type changes between PDCP (security) termination points are supported.
· Bearer type change together with SCG release/change (but no handover, i.e. RRCConnectionReconfiguration including mobilityControlInfoSCG). In this procedure, the SCG is changed (or released), and the bearer type reconfiguration is synchronized with that. It includes SCG MAC reset and reestablishment of all SCG RLC entities (of SCG or split bearers). As currently specified for LTE, PDCP is re-established for SCG bearers or when MCG bearers are switched to SCG bearers. For the MCG split bearer, PDCP data recovery procedure is used, as transmissions can continue during SCG change via the MCG, and a full PDCP reestablishment is not therefore required.
· Bearer type change without handover nor SCG release/change. Some bearer type reconfigurations could be supported also without the synchronized reconfiguration procedures above. In these cases, neither MAC is reset, nor RLC or PDCP is re-established. Bearer type reconfiguration from MCG split bearer to MCG bearer could be supported by this even though in LTE, SCG change had been used for this due to simplicity.
Building on the existing procedure in LTE DC for bearer type switches, we analyse in the following which further changes should be considered in NR and especially LTE NR DC, and how these could be realized.
For the bearer type changes with parts of the bearer remaining associated to one cell group, i.e. when the PDCP termination point does not change, i.e. for MCG to MCG split bearer, or SCG to SCG split bearer, PDCP reestablishment is not needed, as not all lower layers must be flushed. If for changes e.g. from split bearer to non-split bearer within one cell group, data from the other (not used anymore) cell group is lost on MAC and RLC, it can be retransmitted by PDCP for example based on PDCP data recovery. A synchronized reconfiguration together with handover or SCG change is thereby not required.
[bookmark: _Toc473928839][bookmark: _Toc478159535][bookmark: _Toc478159819][bookmark: _Toc473902443]Switches between non-split bearer and split bearer within the same cell group with potential data loss on MAC and RLC can be handled by PDCP retransmissions, e.g. with the PDCP data recovery procedure. 
For bearer type changes across cell groups, i.e. MCG or MCG split bearer to SCG or SCG split bearer (or vice versa), the PDCP termination point changes. Even though this switch could also be realized in NR without key change, for LTE and NR DC it should be considered that the used PDCP version (LTE or NR) changes. Therefore, change of the PDCP version in the receiving entity must be synchronized with the used PDCP version in the transmitter as well as all PDCP PDUs of a certain version in flight. E.g. when the PDCP receiver is changed to NR PDCP, the UE must not receive anymore PDCP PDUs based on an LTE PDCP format. For these reasons a synchronized reconfiguration procedure should be considered, and lower layers, i.e. MAC and RLC should be flushed. The procedure should also be lossless, i.e. the bearer type reconfiguration should not be visible to higher layers such as TCP. Such a procedure would be in-line with PDCP reestablishment, as used today, however enhanced to support also reestablishment between LTE PDCP and NR PDCP (and vice versa). 
[bookmark: _Toc473902444][bookmark: _Toc473928840][bookmark: _Toc478159536][bookmark: _Toc478159820]Switches across cell groups, i.e. with change of PDCP termination point, include PDCP reestablishment procedure.
[bookmark: _Toc473902445][bookmark: _Toc473928841][bookmark: _Toc478159537][bookmark: _Toc478159821]PDCP reestablishment procedure is supported across PDCP versions (i.e. LTE PDCP to NR PDCP and vice versa).
The bearer type changes as discussed above are illustrated in Figure 1.
[image: ]
Figure 1: Bearer type changes in NR and LTE NR DC.
The bearer type switches can alternatively be harmonized by using only one common PDCP specification, and allowing the same security key for all bearer types, independent of the PDCP termination point. This way, also in case of MCG-SCG (and split version) switches, PDCP reestablishment procedure (synchronized with handover or SCG change) can be avoided. This approach is further discussed in [1].
Furthermore, in order to utilize NR as fast as possible in deployments where NR is used in the SCG together with LTE in DC (e.g. early NR deployments), we should also consider a fast establishment of the split bearers, i.e. MCG split bearer or SCG split bearer. E.g. a procedure where one would first setup MCG bearer, switch to the SCG bearer with PDCP reestablishment, and eventually switch to the SCG split bearer, would result in a considerable delay and signalling overhead, which should be avoided.
We should study how this switch can be optimized.
[bookmark: _Toc473902446][bookmark: _Toc473928842][bookmark: _Toc478159538][bookmark: _Toc478159822]Support fast establishment and switch of split bearer in LTE NR DC.
Also for this case, it should be noted that the approach from [1] supports this fast establishment of the split bearer for LTE NR DC.
Moreover, with agreement in RAN2#97 to apply PDCP duplication and transmission via multiple logical channels in the case of carrier aggregation as well (beside DC), yet another (slightly) different bearer type needs to be considered in NR as well: this bearer type’s protocol architecture resembles the MCG split bearer, however, both RLC entities of the split bearer are associated with the same cell group. RAN2 should discuss how this bearer type should be considered in RRC bearer type establishment and reconfiguration procedures.
[bookmark: _Toc478159539][bookmark: _Toc478159823]RAN2 to discuss how bearer type for duplication via multiple logical channels in CA scenario should be considered in RRC procedures.

Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Switches between non-split bearer and split bearer within the same cell group with potential data loss on MAC and RLC can be handled by PDCP retransmissions, e.g. with the PDCP data recovery procedure.
Proposal 2	Switches across cell groups, i.e. with change of PDCP termination point, include PDCP reestablishment procedure.
Proposal 3	PDCP reestablishment procedure is supported across PDCP versions (i.e. LTE PDCP to NR PDCP and vice versa).
Proposal 4	Support fast establishment and switch of split bearer in LTE NR DC.
Proposal 5	RAN2 to discuss how bearer type for duplication via multiple logical channels in CA scenario should be considered in RRC procedures.
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