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1 Introduction

In 3GPP TSG-RAN WG2#97bis, the following agreements have been made for bearer type change options for LTE-NR interworking:
Agreements

1: LTE-NR DC should support at least following bearer type change options 

-
MCG bearer to/from MCG split bearer,

-
MCG bearer to/from SCG bearer,

-
MCG bearer to MCG bearer,

-
SCG bearer to SCG bearer,

-
MCG split bearer to MCG split bearer

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

3: LTE-NR DC should support the one step bearer type change between MCG bearer to/from SCG split bearer.

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

6: LTE-NR DC should support the bearer type change between SCG split bearer and SCG split bearer.

FFS: Whether LTE-NR DC shall support the direct type change between MCG split bearer to/from SCG split bearer.

In 3GPP TSG-RAN NR AH #2, the following agreements have been made for bearer type harmonisation and mobility :
Agreements 

1
The same PDCP protocol specification is used for DRBs for MCG split bearer, SCG split bearer and SCG bearer.

2
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.
3
For bearers configured with NR PDCP the network configures the UE with which key (from a set of possible keys) to use. FFS the maximum number of possible keys in the set . Ask SA3 for the number of keys to be supported and to define the key derivation? Detailed wording of LS, including sufficient background info, can be worked offline.

4
The location of the PDCP entity is decided by the MN
1
Include PDCP config also in NR RRC PDU from the SN 

2: 
Assume DRBid is used for the linking between PDCP config and lower layer comfiguration.

Working assumption: For MCG bearer, either LTE or NR PDCP can be used, configurable by the network.
Agreements for EN-DC

1:
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.

2
For SCG bearer, when S-KgNB is changed due to key re-fresh (even if we have per bearer key) or SgNB change then SCG PDCP re-established, SCG RLC re-established, SCG MAC is reset;


Note: if solution for bearer type change is applicable then it could be considered to be used also for this case.
In this contribution we have discussed L2 handling during bearer type change and proposed a mechanism to support bearer type change without mobility procedure.
2 Discussion

Bearer type harmonization introduced unified bearer concept. To support Bearer type harmonisation RAN2 has agreed that the same PDCP protocol specification is used for DRBs for MCG split bearer, SCG split bearer and SCG bearer. For MCG bearer, RAN2 working assumption is either LTE PDCP or NR PDCP can be used as configured by the network.
In LTE-DC bearer type change occurs either through handover (HO) or SN change procedure as a result L2 entities are re-establish and reset for all configured bearers. This is introduced to simplify the bearer type change procedure. As MAC entity is reset during HO or SN change procedure, bearer type change impacts the data on all configured bearers.
In RAN2 NR AH #2, RAN2 has agreed in EN-DC, for handover, for all configured bearers MCG/SCG PDCP/RLC should be re-established and MCG/SCG MAC should be reset. For SCG bearer, when S-KgNB is changed due to key re-fresh (even if we have per bearer key) or SgNB change then SCG PDCP re-established, SCG RLC re-established, SCG MAC is reset.
In EN-DC , if bearer type change occurs through handover or SN change , then UE needs to follow the same rule as applicable during handover or SN change procedure as it may involves key change or PDCP termination point change or PDCP version change . 
Proposal 1: If Bearer type change happens through handover procedure then for MCG bearer, split bearer and SCG bearer, MCG/SCG PDCP/RLC should be re-established and MCG/SCG MAC should be reset.
Proposal 2: If Bearer type change happens through SN change procedure then SCG PDCP /RLC               should be re-established, SCG MAC should be reset.
Bearer type change through HO or SN change procedure always cause data loss or interruption in services for other configured bearer also as MAC entity is reset during such procedure. There are few bearer type changes which do not involve change in PDCP termination point or keys or PDCP version. Those bearer type changes can be supported without mobility procedure i.e. HO or SN change procedure. 
Consider the case if UE is supporting Security key per PDCP termination point i.e. 2 security key then bearer type change between MCG to/from MCG split bearer or SCG to/from SCG split bearer does not involve any key or PDCP termination point change .In this case there is no need of any synchronous reconfiguration procedure as PDCP termination point does not change. This type of bearer change can be supported without mobility as result there will be no impact of data on other bearers. So no interruption in user plane and latency can be reduced.Bearer type change without mobility should only be possible when keys, PDCP version and PDCP termination point does   not   change. 
Observation 1: Bearer type change should be supported without handover or SN change procedure when there is no change in keys, PDCP termination point and PDCP version. 

Following Assumption have been made for Table 1 which explains L2 handling for MCG and SCG entities during bearer type changes. 
Assumption 1: In LTE-NR interworking UE support Security key per PDCP termination point i.e. 2 security keys
Assumption 2: In EN-DC, some Bearer type change does not involve change in keys, PDCP version and PDCP termination point.
Assumption 3:  LTE-NR DC should support the one step bearer type change between MCG bearers to/from split bearer or SCG bearer if MCG bearer is configured with NR PDCP [1].
	                       TO

FROM
	MCG bearer
	MCG split bearer
	SCG bearer
	SCG split bearer

	
	MCG L2 entity
	SCG L2 entity
	MCG L2 entity
	SCG L2 entity
	MCG  L2 entity
	SCG   L2 entity
	MCG L2 entity
	SCG   L2 entity

	MCG bearer
	                  N/A
	PDCP reordering
	RLC                         establishment
	PDCP re-establishment
RLC release 

	Reconfiguration of PDCP with SCG keys, RLC,MAC establishment
	PDCP re-establishment
RLC    re-establishment
Reset MAC
	Reconfiguration of    PDCP with SCG keys , SCG RLC/MAC establishment

	MCG split bearer
	PDCP data recovery
	RLC   release
	N/A
	Not supported

	FFS

	SCG bearer
	Reconfiguration of PDCP with MCG keys, RLC establishment
	PDCP     re-establishment
RLC   release
	Not supported

	N/A
	RLC establishment
	PDCP reordering

	SCG split bearer
	Reconfiguration of PDCP with MCG keys,

RLC    re-establishment
Reset MAC
	PDCP     re-establishment
RLC   release
	FFS
	RLC   release
	PDCP data recovery
	N/A


Table 1: Summary of L2 handling during Bearer type change with two keys
As mentioned in Table 1, MAC reset is not required in few bearer type change options as corresponding RLC entity will be released during bearer type change e.g. during bearer type change between MCG to/from SCG bearer or MCG split bearer to MCG bearer or SCG split bearer to SCG bearer. During bearer type change between MCG to/from SCG split bearer, RLC entity will not be released so there is need to do MAC reset to discard the data with old keys.
Observation 2:  MAC reset is not required for below bearer type change options 
a. MCG to/from SCG bearer

b. MCG split bearer to/from MCG bearer

c. SCG split bearer to/from SCG bearer

Observation 3: MAC reset is required for bearer type change between MCG to/from SCG split bearer.
Bearer type change between MCG split bearer to/from MCG bearer or SCG split bearer to/from SCG bearer does not always involves change in keys, PDCP version and PDCP termination point. As listed in Table 1, in such cases bearer type change between MCG split bearer to/from MCG bearer or SCG split bearer to/from SCG bearer can be supported without re-establishing the PDCP and RLC entity and reset the MAC entity. NW should support such bearer type change without handover or SN change procedure if there is no change in keys or PDCP termination point or PDCP version change. 
Proposal 3a: EN-DC operation should support the one step (direct) bearer type change between MCG to/from MCG split bearer without using the handover procedure.

Proposal 3b: EN-DC operation should support the one step (direct) bearer type change between SCG to/from SCG split bearer without using the handover procedure or SN change procedure.

Bearer type change between MCG to/from SCG involves key change and PDCP termination point change so there is need of PDCP kind of re-establishment procedure for bearer change between MCG and SCG. So this bearer change should be handled with HO procedure or SN change procedure because PDCP anchor point changes, security key changes, PDCP re-establishment happens

Proposal 4: EN-DC operation should support the one step (direct) bearer type change between MCG to/from SCG bearer through handover or SN change procedure.
As mentioned in observation 2, there is no need of reset of MAC entity during bearer type change between MCG to/from SCG bearer. During MCG to SCG bearer type change  when MCG RLC entity is reconfigure to SCG RLC entity then corresponding mapping between MCG RLC entity and MCG MAC will be released and new mapping  will be created between SCG RLC entity and SCG MAC entity . The same is applicable during SCG to MCG bearer type change. In this case although MCG and SCG MAC entity will have data with old keys but there is no need to reset MCG MAC and SCG MAC, as corresponding logical channel mapping will be release due to release or reconfiguration of  RLC entity. 

Handover or SN change procedure will always cause MCG/SCG MAC reset which will impact the data on all configured bearers. To avoid the same we need to have some indication in RRC message during handover or SN change procedure which indicates not to reset the MAC entity during bearer type change between MCG to/from SCG bearer.

Proposal 4a: Need to introduce new parameters in RRC message which will indicate the MAC reset is not required during bearer type change between MCG to/from SCG bearer.

MCG to/from SCG bearer type change can also cause change in version of RLC i.e. LTE RLC to/from NR RLC. During MCG to SCG bearer type change, UE need to release the LTE RLC                    entity and establish the NR RLC entity. As LTE RLC have buffered data due to re-ordering functionality in LTE RLC, so before releasing the LTE RLC entity, it has to delivered the buffered data to upper layers to support lossless transition. 

During SCG to MCG bearer type change as NR RLC does not support reordering functionality so. UE can simply release SCG RLC entity and established the MCG RLC entity. 

Proposal 4b: For MCG to SCG bearer type change, RLC re-establishment is not required and bearer type change can be supported by delivering the buffered data to upper layers, releasing the MCG RLC entity and establishing the SCG RLC entity.

Proposal 4c: For SCG to MCG bearer type change, RLC re-establishment is not required and bearer type change can be supported by releasing the SCG RLC entity and establishing the MCG RLC entity.

Bearer type change between MCG and SCG split bearer involves key change and PDCP termination point change so there is need of PDCP kind of re-establishment procedure. As mentioned in observation 3, MAC reset is required for bearer type change between MCG to/from SCG split bearer. To avoid the MAC reset, EN-DC operation should not support the one step (direct) bearer type change between MCG to/from SCG split bearer without mobility procedure. It should support two step bearer changes which involves MCG to SCG bearer type change and SCG bearer to SCG split bearer type change  
Proposal 5: EN-DC operation should support the one step (direct) bearer type change between MCG to/from SCG split bearer through handover or SN change procedure.

Bearer harmonization introduced unified bearer concept in LTE-NR interworking. MCG Split to/from SCG Split bearer type change may not occur in real networks because once the MN decides the location of the PDCP termination point for the split bearer this may not be changed very frequently. This bearer type change can be supported indirectly with two-step change if required for some reason from NW perspective. If the direct change is not supported then it will help to reduce the specification complexity and number of bearer type change options.
Proposal 6:  EN-DC shall not support the direct type change between MCG split to/from SCG split bearer.
Proposal 7: Proposal 1 to 6 is also applicable for NR-NR DC.
3 Conclusion

Based on the discussion in section 2 we propose the following:

Observation 1: Bearer type change should be supported without handover or SN change procedure when there is no change in keys, PDCP termination point and PDCP version. 

Observation 2:  MAC reset is not required for below bearer type change options 

a. MCG to/from SCG bearer

b. MCG split bearer to/from MCG bearer

c. SCG split bearer to/from SCG bearer

Observation 3: MAC reset is required for bearer type change between MCG to/from SCG split bearer.

Proposal 1: If Bearer type change happens through handover procedure then for MCG bearer, split bearer and SCG bearer, MCG/SCG PDCP/RLC should be re-established and MCG/SCG MAC should be reset.
Proposal 2: If Bearer type change happens through SN change procedure then SCG PDCP /RLC               should be re-established, SCG MAC should be reset.

Proposal 3a: EN-DC operation should support the one step (direct) bearer type change between MCG to/from MCG split bearer without using the handover procedure.

Proposal 3b: EN-DC operation should support the one step (direct) bearer type change between SCG to/from SCG split bearer without using the handover procedure or SN change procedure.

Proposal 4: EN-DC operation should support the one step (direct) bearer type change between MCG to/from SCG bearer through handover or SN change procedure.

Proposal 4a: Need to introduce new parameters in RRC message which will indicate the MAC reset is not required during bearer type change between MCG to/from SCG bearer.

Proposal 4b: For MCG to SCG bearer type change, RLC re-establishment is not required and bearer type change can be supported by delivering the buffered data to upper layers, releasing the MCG RLC entity and establishing the SCG RLC entity.

Proposal 4c: For SCG to MCG bearer type change, RLC re-establishment is not required and bearer type change can be supported by releasing the SCG RLC entity and establishing the MCG RLC entity.

Proposal 5: EN-DC operation should support the one step (direct) bearer type change between MCG to/from SCG split bearer through handover or SN change procedure.
Proposal 6:  EN-DC shall not support the direct type change between MCG split to/from SCG split bearer.
Proposal 7: Proposal 1 to 6 is also applicable for NR-NR DC.
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