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1 Introduction
In the previous RAN2 97bis meeting, the following agreements have been made 

	- LTE-NR DC should not support the direct bearer type change between MCG split bearer and SCG bearer.

- LTE-NR DC shall support the bearer type change between SCG bearer and SCG split bearer.


Furthermore in RAN2 AH2 meeting, the following agreements are made 
	· For handover, for MCG bearer, split bearer and SCG bearer, MCG/SCG PDCP/RLC should be re-established and MCG/SCG MAC should be reset.
· The same PDCP protocol specification is used for DRBs for MCG split bearer, SCG split bearer and SCG bearer. This PDCP protocol is specified in 38.323 (NR PDCP).
FFS: When EN-DC is configured, whether the MCG bearer only uses one PDCP type or the MCG bearer can use either LTE PDCP or NR PDCP up to the NW decision. Bearer type changes to be supported also need to be considered.
· For SCG bearer, when S-KgNB is changed or PDCP anchor is changed then SCG PDCP re-established, SCG RLC re-established. FFS whether SCG MAC is reset.

Agreements for EN-DC

· For handover, for MCG bearer, split bearer and SCG bearer, MCG/SCG PDCP/RLC should be re-established and MCG/SCG MAC should be reset.


In this contribution, we intend to discuss the supported bearer type change with the consideration of unified split bearer and mobility. With the ongoing email discussions treating the bearer type change for MeNB with LTE-PDCP, this contribution will only focus on that with NR-PDCP

2 Discussions

With the agreements in the previous meeting, if the PDCP of MeNB can be configured as NR-PDCP, MCG/SCG split bearer can be the same form the UE perspective. This can reduce the implementation efforts and uniformity of the markets. 
For the EN-DC architecture in NR, the legacy LTE standard, especially LTE R-12 DC, has played an important role during the standardization. For the harmonized bearer type, however, some people have just the term for simplicity. However, during the discussion in R-12, the term split bearer was used as what is now MCG split bearer. Hence, in order to avoid possible confusions, before the discussion, we make the following proposal such that we can be well coordinated in the nomenclature in the sections below.

In the following, under unified split bearer, we discuss the supported bearer type change, L2 handling for different cases of bearer type change and L2 handling upon handover, respectively. 
1.1 Supported bearer type changes under unified bearer type

In RAN2 #97bis meeting, it was agreed that:

2: LTE-NR DC should not support the direct bearer type change between MCG split bearer and SCG bearer.

4
 LTE-NR DC shall support the bearer type change between SCG bearer and SCG split bearer.

With the introduction of NR PDCP for both MCG split bearer and SCG split bearer, from UE perspective, there is no difference between the two split bearers, i.e., UE can see only one unified split bearer. Based on this assumption, to unify the UE handling upon bearer type change, we prefer to support the direct change between SCG bearer and unified split bearer regardless MCG split bearer or SCG split bearer.
Proposal 1: The direct change between SCG bearer and unified split bearer should be supported.

If Proposal 1was agreed, then from the UE perspective, the bearer type changes need to be supported can be summarized in the following table:

Table 1: Supported bearer type changes

	To
From
	MCG bearer
	SCG bearer
	Unified split bearer

	MCG bearer
	Y
	Y
	Y

	SCG bearer
	Y
	Y
	Y

	Unified split bearer
	Y
	Y
	Y


With respect to the unified split bearer to unified split bearer change, in theory, it includes three types:

· MCG split bearer to MCG split bearer

· SCG split bearer to SCG split bearer

· MCG split bearer to/from SCG split bearer

In RAN2 #97bis meeting, it was FFS whether LTE-NR DC shall support the direct change between MCG split bearer and SCG split bearer. However, since the UE does not distinguish the MCG split bearer and SCG spit bearer anymore, the spilt bearer type choice can be left to network implementation. From the perspective of standard, the MCG split bearer to/from SCG split bearer change should be supported same as the other two to make sure the UE cannot distinguish the dedicates split bearer.
Proposal 2: Unified split bearer to unified split bearer change includes three types:

· MCG split bearer to MCG split bearer

· SCG split bearer to SCG split bearer

· MCG split bearer to/from SCG split bearer

1.2 L2 handling for bearer type change under unified split bearer
As mentioned before, with the introduction of unified split bearer, the workload in the standardization on the bearer type change between the four types of bearers: MCG/SCG bearer and MCG/SCG split bearer is greatly reduced. In the following, we discuss the L2 handling during the bearer type change between MCG/SCG bearer and unified split bearer. Discussions on the MAC procedure during bearer type change have been undertaken by the on-going email discussion [1] and will not be addressed here, either.
1.2.1  MCG bearer to/from SCG bearer
As described in TS 36.331, the L2 handling on MCG bearer to/from SCG bearer is:

	Bearer type change
	MCG/SCG
	PDCP
	RLC/DTCH

	MCG to SCG 
	MCG part
	reconfigure the PDCP entity with the current SCG security configuration
	reconfigure the MCG RLC entity or entities and the MCG DTCH logical channel to be an SCG RLC entity or entities and an SCG DTCH logical channel

	
	SCG part
	
	

	SCG to MCG
	MCG part
	reconfigure the PDCP entity with the current MCG security configuration
	reconfigure the SCG RLC entity or entities and the SCG DTCH logical channel to be an MCG RLC entity or entities and an MCG DTCH logical channel;

	
	SCG part
	
	


Table 2: MCG bearer to/from SCG Bearer
For EN-DC, we think the same procedure can be performed for this kind of bearer type change. Hence, the following proposal is made.

Proposal 3: The following L2 handling should be performed when there is bearer type change between MCG and SCG bearer when NR PDCP is used for MCG
MCG bearer to SCG bearer:

· PDCP entity is reconfigured

· RLC entity is re-established
SCG bearer to MCG bearer:

· PDCP entity is reconfigured;
· RLC entity is re-established;
1.2.2 MCG bearer to/from unified split bearer
In order to support unified split bearer, key settings will be changed for PDCP. Hence, PDCP should be re-established during this type of bearer type change.
Proposal 4: The following L2 operations should be performed when there is bearer type change between MCG bearer and unified split bearer:
MCG bearer to unified split bearer:
· PDCP entity is re-established
· MCG RLC entity is re-established

· SCG RLC entity is established

Unified split bearer to MCG bearer:

· PDCP entity is re-established

· MCG RLC entity is re-established

· SCG RLC entity is released
1.2.3  SCG bearer to/from unified split bearer
For the bearer type change of SCG bearer to/from unified split bearer, we think the handling of PDCP/RLC is similar to that of MCG bearer to/from unified split bearer. Hence, the following proposal is made:
Proposal 5: The following L2 operation should be done on bearer type change between SCG and unified split bearer:

SCG bearer to unified split bearer:
· PDCP entity is re-established
· MCG RLC entity is established

· SCG RLC entity is re-established

Unified split bearer to SCG bearer:
· PDCP entity is re-established
· MCG RLC entity is released

· SCG RLC entity is re-established

1.2.4  Between unified split bearers

For bearer type change of unified split bearer with SN change, the following proposal is made for the L2 handling.
Proposal 6: If it is not handover, the following operation should be performed on bearer type change between unified split bearers
Unified split bearer to unified split bearer without HO:

· MCG RLC entity is re-established

· PDCP entity is re-established

· SCG RLC entity is re-established
1.3 L2 handing upon inter- and intra-RAT handover
1.3.1 Intra-RAT handover
In LTE DC, upon reception of RRCConnectionReconfiguration including the mobilityControlInfo by the UE, the UE shall:

· Reset MCG MAC and SCG MAC;

· Re-establish PDCP for all RBs that are established;

· Re-establish MCG RLC and SCG RLC for all RBs that are established

With respect to the intra-RAT handover for LTE-NR DC, the LTE mechanism can be treated as the baseline if the LTE-like handover is required. 
It should be noticed that in LTE DC handover scenarios, the PDCP and RLC, including MCG RLC and SCG RLC, can be re-established instead of being released and established because the MCG and SCG belong to the same RAT. However, for LTE-NR DC, there are some differences of the protocol stack design between LTE and NR. Therefore, the UE handling shall be different upon different handover cases:

· Case 1: Handover with LTE-NR DC initiated

· Case 2: Handover with LTE-NR DC released

In Case 1, the target node will initiate LTE-NR DC during handover procedure and the whole procedure could be similar to the LTE eNB to MeNB change procedure. Upon this type handover, UE shall:

· Reset MCG MAC;

· Establish SCG MAC;

· Re-establish PDCP for all RBs that are established;

· Re-establish MCG RLC for all RBs that are maintained in MCG;

· Establish SCG RLC for all RBs that are established in SCG;
Proposal 7: For intra-RAT handover with LTE-NR DC initiated, UE shall:

· Reset MCG MAC and establish SCG MAC;

· Re-establish PDCP for all RBs that are established;

· Re-establish MCG RLC for all RBs that are maintained in MCG;

· Establish SCG RLC for all RBs that are established in SCG;

In Case 2, the LTE-NR DC will be released during the handover and the traffic should be back to MCG. The procedure is similar to the LTE MeNB to eNB change procedure and UE shall:

· Reset MCG MAC;

· Release SCG MAC;

· Re-establish PDCP for all RBs that are established;

· Re-establish MCG RLC for all RBs that are maintained in MCG;

· Establish MCG RLC for all RBs that are offloaded from SCG;

· Release SCG RLC in SCG;
Proposal 8: For intra-RAT handover with LTE-NR DC released, UE shall:

· Reset MCG MAC and release SCG MAC;

· Re-establish PDCP for all RBs that are established;
· Re-establish MCG RLC for all RBs that are maintained in MCG, establish MCG RLC for all RBs that are offloaded from SCG and release SCG PDCP/RLC in SCG;

With respect to the agreement achieved for intra-NR handover that the NR PDCP can be not re-established, it means no key change and no ROHC reset. In LTE-NR DC cases where NR gNB acts as the master node, upon intra-NR handover, the MCG PDCP is not re-established and the SKeNB for SCG, if configured, can be kept. Based on this assumption, the SCG PDCP, if configured, can also be maintained instead of re-established.
Proposal 9: Considering NR supports handover without PDCP re-establishment, for the intra-NR handover in LTE-NR DC where NR gNB acts the master node, the MCG PDCP and SCG PDCP, if configured, may not be re-established.
1.3.2 Inter-RAT handover

For Inter RAT HO:

If the UE is configured with LTE NR DC and LTE is master, when inter RAT HO occurs, the core network has to be changed. The easy way for this scenario is that:

· Release original configuration including the SgNB configuration;

· Add NR gNB configuration;
Proposal 10: For option 3, the LTE NR DC shall be released upon inter-RAT handover.
Regarding how to handle option 4/7 in which the LTE/NR connect to 5G CN, we can discuss later once how to support LTE NR DC for option 4/7 is clear. 
Proposal 11: For option 4/7, it is FFS on how to handle the LTE NR DC upon inter-RAT handover.
3 Conclusion
In this contribution, we discuss the remaining issue of ARQ operation in NR. The following observation was made:

Proposal 1: The direct change between SCG bearer and unified split bearer should be supported.

Proposal 2: Unified split bearer to unified split bearer change includes three types:

· MCG split bearer to MCG split bearer

· SCG split bearer to SCG split bearer

· MCG split bearer to/from SCG split bearer

Proposal 3: The following L2 operations should be performed bearer type change happens between MCG bearer and unified split bearer.
MCG bearer to unified split bearer:
· PDCP entity is re-established
· MCG RLC entity is re-established

· SCG RLC entity is established

Unified split bearer to MCG bearer:

· PDCP entity is re-established

· MCG RLC entity is re-established

· SCG RLC entity is released
Proposal 4: The following L2 handling should be performed when there is bearer type change between MCG and SCG bearer when NR PDCP is used for MCG
MCG to SCG:

· PDCP entity is reconfigured

· RLC entity is re-established

SCG to MCG:

· PDCP entity is reconfigured;
· RLC entity is re-established
Proposal 5: If it is not handover, the following operation should be performed on bearer type change between unified split bearers
Unified split bearer to unified split bearer without HO:

· MCG RLC entity is re-established

· PDCP entity is re-established

· SCG RLC entity is re-established
Proposal 6: The following L2 operation should be done when there is bearer type change between SCG bearer and unified split bearer:

SCG bearer to unified split bearer:
· PDCP entity is re-established
· MCG RLC entity is established

· SCG RLC entity is re-established

Unified split bearer to SCG bearer:
· PDCP entity is re-established
· MCG RLC entity is released

· SCG RLC entity is re-established
Proposal 7: For intra-RAT handover with LTE-NR DC initiated, UE shall:

· Reset MCG MAC and establish SCG MAC;

· Re-establish PDCP for all RBs that are established;

· Re-establish MCG RLC for all RBs that are maintained in MCG;

· Establish SCG RLC for all RBs that are established in SCG;
Proposal 8: For intra-RAT handover with LTE-NR DC released, UE shall:

· Reset MCG MAC and release SCG MAC;

· Re-establish PDCP for all RBs that are established;
· Re-establish MCG RLC for all RBs that are maintained in MCG, establish MCG RLC for all RBs that are offloaded from SCG and release SCG PDCP/RLC in SCG;
Proposal 9: Considering NR supports handover without PDCP re-establishment, for the intra-NR handover in LTE-NR DC where NR gNB acts the master node, the MCG PDCP and SCG PDCP, if configured, may not be re-established.
Proposal 10: For option 3, the LTE NR DC shall be released upon inter-RAT handover.
Proposal 11: For option 4/7, it is FFS on how to handle the LTE NR DC upon inter-RAT handover.
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