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1.	Introduction
In NR, a new type of radio bearer called SCG split bearer is introduced, and now we have four types of radio bearers, i.e.
· MCG bearer
· SCG bearer
· MCG split bearer
· SCG split bearer
Due to existence of multiple bearer types, an issue was brought up in RAN2#97bis meeting for L2 entity handling at the bearer type change, and the subsequent discussion was progressed by e-mail [97bis#12][NR] Bearer type change.
In this document, we explain our view on bearer type change, and suggest a simple rule for L2 entity handling.

2.	gNB change and security change
As there are four different types of RBs, total 16 bearer type change procedures need to be considered. However, even if the bearer type is not changed, L2 handling should be considered when the gNB is changed (i.e. MgNB is changed and/or SgNB is change) or security is changed. Then, if we consider different type of gNB change and security change together with bearer type change, there would be hundreds of scenarios to be considered.
To simplify the discussion, we make following assumptions:
· SgNB security can be changed without change of MgNB security and without change of SgNB.
· MgNB security change always entails SgNB security change.
· When MgNB is changed, the MgNB security is always changed.
With above assumptions, the cases that need to be considered can be reduced to four cases as follows:
· Case1: MgNB and SgNB are not changed. MgNB security and SgNB security are not changed.
· Case2: MgNB and SgNB are not changed. MgNB security is not changed. SgNB security is changed.
· Case3: MgNB is not changed. SgNB is changed. MgNB security is not changed. SgNB security is changed.
· Case4: MgNB is changed. SgNB is or is not changed. MgNB security is changed. SgNB security is changed.
Proposal1: Confirm the following relationship between gNB change and security change:
· SgNB security can be changed without change of MgNB security and without change of SgNB.
· MgNB security change always entails SgNB security change.
· When MgNB is changed, the MgNB security is also changed.

We think MAC entity handling can be discussed separately from bearer type change and/or gNB/security change. In our view, the MAC entity should be reset when the gNB is changed, but does not need to be reset when the security is changed. The MAC entity may be established/released at bearer type change, but we think it is separate from this discussion.
Proposal2: Discuss whether the UE MAC entity should be reset when the security is changed without gNB change.

Another point that needs to be considered is RLC re-establishment. In LTE, when the RLC entity is re-established, the RLC entity delivers RLC SDUs stored in the reception buffer. However, in NR, as it is decided that RLC delivers RLC SDUs out-of-order, there is no stored RLC SDUs when the RLC entity is re-established. Thus, the PDCP entity does not need to be re-established even if the RLC entity is re-established. In NR, the UE behavior at the RLC entity re-establishment is expected to be only SDU segment discard and state variable reset.
Proposal3: The UE PDCP entity does not need to be re-established even if the UE RLC entity is re-established.

Though there is no stored SDUs in the RLC entity, the RLC entity should be re-established when the RLC entity in the network side is changed. This is because a new RLC entity is established in a new gNB, and the state variables are starting from initial values in the new RLC entity.
Proposal4: The UE RLC entity should be re-established when the gNB RLC entity is changed.

On the other hand, when the PDCP entity is re-established, the RLC entity should be re-established. This is because the SDU segments that may be stored in the RLC entity are ciphered/integrity protected with old security key. Those outdated SDU segments should be discarded.
Proposal5: When the UE PDCP entity is re-established, the UE RLC entity should be re-established.

Finally, we propose that the PDCP data recovery procedure be discussed separate from this discussion. In LTE, the PDCP data recovery is performed when the number of legs is reduced from two to one, and there is no PDCP re-establishment. We think the same principle can still be applied in NR, but, to simplify the discussion, it is proposed to discuss when to trigger PDCP data recovery procedure after the bearer type change procedure is stabilized.
Proposal6: Discuss when to trigger the PDCP data recovery procedure after the bearer type change procedure is stabilized.

3.	PDCP/RLC entity handling
In this section, we focus on UE side PDCP/RLC entity handling for different cases based on the assumptions and proposals addressed in the previous section. For better understandings, we present PDCP/RLC entity handling without bearer change and with bearer change separately in sections 3.1 and 3.2, respectively. However, they are merged together in the end in section 3.3

3.1 	Without bearer type change
In this section, we discuss PDCP/RLC entity handling when bearer type is not changed. Only the gNB and/or security change is considered.
Case1-1: Reconfiguration case (No bearer type change. No gNB change. No security change.)
	
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	
	PDCP no impact
RLC no impact
	PDCP no impact
RLC no impact
	PDCP no impact
MCG RLC no impact
SCG RLC no impact
	PDCP no impact
MCG RLC no impact
SCG RLC no impact



Case2-1: SgNB security change case
	
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	
	PDCP no impact
RLC no impact
	PDCP re-establish
RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC no impact
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish



Case3-1: SgNB change case
	
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	
	PDCP no impact
RLC no impact
	PDCP re-establish
RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish



Case4-1: MgNB change case
	
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	
	PDCP re-establish
RLC re-establish
	PDCP re-establish
RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish



Note that the only difference in case 2-1 and case 3-1 is whether the SCG RLC entity is re-established or not at MCG split bearer to MCG split bearer change. If we align SCG RLC entity handling between SgNB security change case and SgNB change case, we can further simplify the discussion. Possible ways to achieve this is either to keep the SCG RLC entity state variables at SgNB change or to re-establish the SCG RLC entity at SgNB security change.
Proposal7: Decide between two options for MCG split bearer: either keep the SCG RLC entity state variables at SgNB change or re-establish the SCG RLC entity at SgNB security change.

3.2 	With bearer type change
In this section, we discuss PDCP/RLC entity handling when bearer type is changed. The gNB and/or security change is considered together with bearer type change.
Case1-2: Pure bearer type change case (No gNB change. No security change.)
	  To
From
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	MCG bearer
	N/A
	PDCP re-establish
RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish

	SCG bearer
	PDCP re-establish
RLC re-establish
	N/A
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish
	PDCP no impact
MCG RLC establish
SCG RLC no impact

	MCG split bearer
	PDCP no impact
MCG RLC no impact
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	N/A
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish

	SCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP no impact
MCG RLC release
SCG RLC no impact
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	N/A



Case2-2: SgNB security change case
	  To
From
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	MCG bearer
	N/A
	PDCP re-establish
RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish

	SCG bearer
	PDCP re-establish
RLC re-establish
	N/A
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish

	MCG split bearer
	PDCP no impact
MCG RLC no impact
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	N/A
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish

	SCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	N/A



Case3-2: SgNB change case
	  To
From
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	MCG bearer
	N/A
	PDCP re-establish
RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish

	SCG bearer
	PDCP re-establish
RLC re-establish
	N/A
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish

	MCG split bearer
	PDCP no impact
MCG RLC no impact
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	N/A
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish

	SCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	N/A



Case4-2: MgNB change case
	  To
From
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	MCG bearer
	N/A
	PDCP re-establish
RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish

	SCG bearer
	PDCP re-establish
RLC re-establish
	N/A
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish

	MCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	N/A
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish

	SCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	N/A



Note that the tables in case 2-2 and 3-2 are exactly same. In other words, for bearer type change, SgNB change and SgNB security change are regarded as same procedure.

3.3 	PDCP/RLC entity handling at bearer type change, gNB change, and/or security change
The tables in section 3.1 and 3.2 can be merged into one table. The “N/A” cells in section 3.2 are replaced with corresponding cells in section 3.1. In addition, the case 2 and case 3 can be merged as explained above. The merged tables are provided below.

Case1: Reconfiguration or pure bearer type change case
	  To
From
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	MCG bearer
	PDCP no impact
RLC no impact
	PDCP re-establish
RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish

	SCG bearer
	PDCP re-establish
RLC re-establish
	PDCP no impact
RLC no impact
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish
	PDCP no impact
MCG RLC establish
SCG RLC no impact

	MCG split bearer
	PDCP no impact
MCG RLC no impact
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC no impact
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish

	SCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP no impact
MCG RLC release
SCG RLC no impact
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC no impact



Case2/3: SgNB change or SgNB security change case
	To
From
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	MCG bearer
	PDCP no impact
RLC no impact
	PDCP re-establish
RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish

	SCG bearer
	PDCP re-establish
RLC re-establish
	PDCP re-establish
RLC re-establish
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish

	MCG split bearer
	PDCP no impact
MCG RLC no impact
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP no impact
MCG RLC no impact
SCG RLC re-establish if SgNB is changed
SCG RLC no impact if SgNB is not changed
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish

	SCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish



Case4: MgNB change case
	  To
From
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	MCG bearer
	PDCP re-establish
RLC re-establish
	PDCP re-establish
RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC establish

	SCG bearer
	PDCP re-establish
RLC re-establish
	PDCP re-establish
RLC re-establish
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC establish
SCG RLC re-establish

	MCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish

	SCG split bearer
	PDCP re-establish
MCG RLC re-establish
SCG RLC release
	PDCP re-establish
MCG RLC release
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish
	PDCP re-establish
MCG RLC re-establish
SCG RLC re-establish



Proposal8: Use tables in section 3.3 as baseline for PDCP/RLC entity handling at bearer type change, gNB change, and security change cases.

[bookmark: _GoBack]3.	Proposals
In this document, we have analysed various scenarios for L2 entity handling. Based on the analysis, we have following proposals:
Proposal1: Confirm the following relationship between gNB change and security change:
· SgNB security can be changed without change of MgNB security and without change of SgNB.
· MgNB security change always entails SgNB security change.
· When MgNB is changed, the MgNB security is always changed.
Proposal2: Discuss whether the UE MAC entity should be reset when the security is changed without gNB change.
Proposal3: The UE PDCP entity does not need to be re-established even if the UE RLC entity is re-established.
Proposal4: The UE RLC entity should be re-established when the gNB RLC entity is changed.
Proposal5: When the UE PDCP entity is re-established, the UE RLC entity should be re-established.
Proposal6: Discuss when to trigger the PDCP data recovery procedure after the bearer type change procedure is stabilized.
Proposal7: Decide between two options for MCG split bearer: either keep the SCG RLC entity state variables at SgNB change or re-establish the SCG RLC entity at SgNB security change.
Finally, we produced comprehensive tables in section 3.3 for various scenarios. We hope it could be used as baseline for further discussion.
Proposal8: Use tables in section 3.3 as baseline for PDCP/RLC entity handling at bearer type change, gNB change, and security change cases.
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