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1. Introduction

In RAN2# adhoc in Qingdao, unified split bearer was introduced, i.e.

	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).

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

Working assumption: For MCG bearer, either LTE or NR PDCP can be used,  configurable by the network


In this paper we discuss the impacts related to the unified split bearer and the remaining issues of bearer type change options:

1. Interpretation of bearer types based on the concept of unified split bearer

2. Consideration on the bearer type change intended to be supported in Rel-15. Revisit the possibility of supporting the bearer type change options which are limited or not confirmed before, i.e.

- SCG bearer to/from split bearer (@MCG)

- Split bearer (@MCG) to/from split bearer (@SCG)

3. Consideration on the bearer types which can be supported simultaneously, which were limited before, i.e.

- Split bearer (@MCG) and split bearer (@SCG)

- Split bearer (@MCG) and SCG bearer

4. How to handle the bearer type change with the change of PDCP type (e.g. between NR PDCP and LTE PDCP)

5. What mechanism is used (if needed) to indicate to network UE support of NR PDCP during connection setup?
Discussion

ISSUE 1： Interpretation of bearer types based on the concept of unified split bearer
In previous meetings, the related agreements for bearer type change include:

	The following combinations of bearer types cannot be configured simultaneously in LTE-NR DC simultaneously for user plane DRBs:

•
MCG split bearer and SCG split bearer

•
MCG split bearer and SCG bearer (same as LTE DC)

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

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

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

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

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.


Based on above agreements, there are 8 bearer type change options agreed, 1 option not supported and 1 option open to be discussed:

	Agreed bearer type change options
	Forbidden bearer type change options
	FFS bearer type change options

	MCG bearer to/from MCG split bearer

MCG bearer to/from SCG split bearer

MCG bearer to/from SCG bearer

MCG bearer to MCG bearer

SCG bearer to SCG bearer

SCG bearer to/from SCG split bearer

MCG split bearer to MCG split bearer

SCG split bearer and SCG split bearer
	SCG bearer to/from MCG split bearer
	MCG split bearer to/from SCG split bearer


With the introduction of unified split bearer, it would be good to list all the options (including the one which has been forbidden and the one which is still FFS) according to such decision. The MCG split bearer and SCG split bearer could both be updated to be ‘split bearer’, but even if the concept of unified split bearer is introduced in RAN2, considering the RAN3 procedure and security aspects (SA3#88 confirms in the LS reply [1] that different keys should be used for different PDCP termination points), from NW’s point of view a split bearer can still be distinguished as a split bearer anchored at MN or spilt bearer anchored as SN. Thus the PDCP location needs to be marked in the bearer type change option.
Observation 1: Even if the concept of unified split bearer is introduced in RAN2, considering the RAN3 procedure and security aspects, from NW’s point of view a split bearer can still be distinguished as a split bearer anchored at MN or a split bearer anchored as SN.

Based on the observation 1, the bearer type change options can be interpreted as:

	All the bearer type change options(include the agreed and not agreed)
	Updated bearer type change options 

	MCG bearer to/from MCG split bearer
	MCG bearer to/from split bearer without PDCP location change

	MCG bearer to/from SCG split bearer
	MCG bearer to/from split bearer with PDCP location change

	MCG bearer to/from SCG bearer
	MCG bearer to/from SCG bearer

	MCG bearer to MCG bearer
	MCG bearer to MCG bearer

	SCG bearer to SCG bearer
	SCG bearer to SCG bearer

	SCG bearer to/from SCG split bearer
	SCG bearer to/from split bearer without PDCP location change

	SCG bearer to/from MCG split bearer
	SCG bearer to/from split bearer with PDCP location change

	MCG split bearer to MCG split bearer
	Split bearer to split bearer without PDCP location change

	SCG split bearer to SCG split bearer
	Split bearer to split bearer without PDCP location change

	MCG split bearer to/from SCG split bearer
	Split bearer to split bearer with PDCP location change


Proposal 1: Based on the concept of unified split bearer, the possible bearer type changes can be redefined as:

- MCG bearer to/from split bearer with/without PDCP location change
- SCG bearer to/from split bearer with/without PDCP location change
- MCG bearer to/from SCG bearer

- MCG bearer to MCG bearer

- SCG bearer to SCG bearer

- Split bearer to split bearer with/without PDCP location change

Issue2: Consideration on the bearer type change intended to be supported in Rel-15

Revisit the possibility of supporting the bearer type change options which are limited or not confirmed before, i.e.

- SCG bearer to/from split bearer with PDCP location change

- Split bearer to/from split bearer with PDCP location change

SCG bearer to/from MCG split bearer is not supported in previous agreement since this option is not supported in LTE DC thus for simplicity is also limited in EN-DC. But in fact there’s no technical problem to support this option, and there’s actual use cases to support this option, e.g. 

· Case1: For SCG bearer to MCG split bearer, when there’s no big traffic for SN to transfer but MN still want to keep the SN leg, this option could be used. 

· Case2: For MCG split bearer to SCG bearer, when SN radio quality becomes better, and X2 latency is not negligible, it could be more efficient to offload the traffic completely to the SCG.

Besides the above reason, supporting full bearer type change options can also increase the flexibility and future extensibility of MR-DC usage.

Considering the impacts to the specification of supporting this option, thanks to the concept of unified split bearer, no extra effort is needed to support the bearer type change between SCG bearer and MCG split bearer, from RAN2’s point of view.

Observation2: No extra complexity/overhead is needed to support the bearer type change between SCG bearer and split bearer (@MCG) due to the introduction of unified split bearer, and there are indeed some cases to use this bearer type change.

Based on the above observation, and considering the full flexibility and future extensibility of using bearer type change, it’s suggested to consider supporting bearer type change option of SCG bearer to/from split bearer (@MCG).

Even if we see no impact to RAN2 to support this bearer type change option, there might be some impacts from RAN3’s point of view. It’s then suggested to send a LS to ask RAN3 if this option could be supported.

In previous meeting, whether MCG split bearer <-> SCG split bearer change should be supported was left FFS. For similar reasons above, we think there’s no reason not to support full options for bearer type change.

Proposal 3: From RAN2’s point of view, the following 2 bearer type change options can be supported in Rel15, for the full flexibility and future extensibility of MR-DC usage:

- SCG bearer to/from split bearer with PDCP location change 

- Split bearer to/from split bearer with PDCP location change

Proposal 4: Considering some impacts is expected on RAN3, one LS may be needed to ask whether RAN3 can support these bearer type changes in Rel15.

Issue3:    Consideration on the bearer types which can be supported simultaneously, which were limited before, i.e.

- Split bearer (@MCG) and split bearer (@SCG)

- Split bearer (@MCG) and SCG bearer

In previous meetings, the above 2 options of bearer type combination were agreed not to be supported. Since the unified split bearer is agreed, we think RAN2 could re-consider the possibility of supporting the above 2 options. Some reasons are listed below:

· From UE perspective, UE doesn’t have to use LTE PDCP and NR PDCP at the same time: NR PDCP is only used since the introduction of unified split bearer;

· In some cases, it’s not efficient to change the bearer type of all the DRBs in one step, e.g. when SN quality becomes better and it has additional free resources, SN may accept one DRB’s PDCP anchor moving in but may not accept 2 or more DRBs since SN’s new free resources are limited. So when MN has multiple DRBs that need to change bearer type, it may need several steps to achieve the change, during which the above 2 bearer type combinations will exist.

· No technical problem and no additional UE complexity to support above 2 bearer type combinations from RAN2’s point of view.

Observation 3: Due to the introduction of the unified split bearer concept, from UE perspective the complexity is reduced for supporting the 2 bearer type combinations not supported so far, and no technical problem is seen.

Proposal 5:   From RAN2’s point of view, the following combinations of bearer types can be supported in R15:

- Split bearer (@MCG) and split bearer (@SCG)

- Split bearer (@MCG) and SCG bearer

Issue4:  How to handle the bearer type change with the change of PDCP type (e.g. between NR PDCP and LTE PDCP)

In previous meeting a working assumption about the PDCP type of MCG bearer was reached:

Working assumption: For MCG bearer, either LTE or NR PDCP can be used, configurable by the network
Since MCG bearer still has chance to be configured to LTE PDCP, PDCP type change is needed during the bearer type change procedures. In the following we discuss how to handle the bearer type change with PDCP type change.

In the cases of MCG bearer change to SCG bearer/split bearer, PDCP change from LTE to NR may be needed. We discuss this issue in 2 cases:

Case1: PDCP location is not changed

In the case of MCG bearer to split bearer @ MCG, the PDCP location is not changed, and whether security key refresh is needed is FFS, so there are 2 cases:

- Security key is refreshed due to bearer type change, e.g. if key per bearer type is introduced (still FFS in SA3), in this case the PDCP is re-established with PDCP type change; mobilitycontrolinfo is not needed to be added in RRCConnectionReconfiguration.

- Security key is not refreshed since PDCP anchor is not moved, in this case the PDCP status could be reused, the PDCP type change could be done as part of the PDCP reconfiguration, no PDCP re-establishment is needed; mobilitycontrolinfo is not needed to be added in RRCConnectionReconfiguration.
Case2: PDCP location is changed

In this case security key of the changed bearer needs to be updated. Considering the node where key refresh happened, some further sub cases need to be further analyzed:

- For the cases of MCG bearer to SCG bearer or MCG bearer to split bearer@SCG:

If SA3 confirms that key per DRB is supported in NR, and UE already has S-KgNB, UE derives a fresh per-DRB-Kup of this changed bearer from S-KgNB based on NR key derivation. The security parameters for deriving new key could be carried in SCG-configuration, otherwise the legacy LTE way of deriving S-KeNB or updating the new ciphering stream for the changed bearer could be reused, e.g. SCG-configuration including SCG-counter and cipheringalgorithmSCG is included in RRCConnectionReconfiguration; PDCP re-establishment is performed and PDCP type change shall be part of it; mobilitycontrolinfo is not needed to be included in RRCConnectionReconfiguration. 

- For the cases of SCG bearer to MCG bearer or split bearer@SCG to MCG bearer

If the PDCP type of MCG bearer is to be configured to LTE, KeNB refresh is not needed, the key used for the bearer is changed from S-KgNB to KeNB, no HO is needed. PDCP re-establishment is performed and PDCP type change shall be part of it.

If the PDCP type of MCG bearer is to be configured to NR, before SA3 confirms the key hierarchy and key derivation of NR, how to refresh the key of the bearer is FFS, but anyway the KeNB is not needed to be updated, and HO is not needed, PDCP re-establishment is performed for this bearer and PDCP type change shall be part of it.

Proposal 6: For the bearer type change without PDCP location change, PDCP type change could be done as part of the PDCP reconfiguration if key is not refreshed, otherwise PDCP type change is done as part of PDCP re-establishment, no HO is needed.

Proposal 7: For the bearer type change case that PDCP location is changed, considering the key refresh is needed, PDCP re-establishment including PDCP type change is performed, no HO is needed.

Issue5: What mechanism is used (if needed) to indicate to network UE support of NR PDCP during connection setup?
Based on the working assumption that the PDCP type of MCG bearer is decided by the NW, NW needs UE’s capability information about whether UE supports NR PDCP or LTE-NR tight interworking before NW sets up the radio bearer for the UE, i.e. before msg4 is sent. 

Considering above need, adding an indication of UE’s capability of supporting LTE-NR tight interworking in msg3 will be a direct and simple way.

Proposal 8:  Add an indication of LTE-NR tight interworking support in msg3 to assist the NW to decide the PDCP type during the RRC connection setup.
2. Conclusion

Observation 1: Even if the concept of unified split bearer is introduced in RAN2, considering the RAN3 procedure and security aspects, from NW’s point of view a split bearer can still be distinguished as a split bearer anchored at MN or a split bearer anchored as SN.

Proposal 1: Based on the concept of unified split bearer, the possible bearer type changes can be redefined as:

- MCG bearer to/from split bearer with/without PDCP location change
- SCG bearer to/from split bearer with/without PDCP location change
- MCG bearer to/from SCG bearer

- MCG bearer to MCG bearer

- SCG bearer to SCG bearer

- Split bearer to split bearer with/without PDCP location change

Observation2: No extra complexity/overhead is needed to support the bearer type change between SCG bearer and split bearer (@MCG) due to the introduction of unified split bearer, and there are indeed some cases to use this bearer type change.

Proposal 3: From RAN2’s point of view, the following 2 bearer type change options can be supported in Rel15, for the full flexibility and future extensibility of MR-DC usage:

- SCG bearer to/from split bearer with PDCP location change 

- Split bearer to/from split bearer with PDCP location change

Proposal 4: Considering some impacts is expected on RAN3, one LS may be needed to ask whether RAN3 can support these bearer type changes in Rel15.

Observation 3: Due to the introduction of the unified split bearer concept, from UE perspective the complexity is reduced for supporting the 2 bearer type combinations not supported so far, and no technical problem is seen.

Proposal 5:   From RAN2’s point of view, the following combinations of bearer types can be supported in R15:

- Split bearer (@MCG) and split bearer (@SCG)

- Split bearer (@MCG) and SCG bearer

Proposal 6: For the bearer type change without PDCP location change, PDCP type change could be done as part of the PDCP reconfiguration if key is not refreshed, otherwise PDCP type change is done as part of PDCP re-establishment, no HO is needed.

Proposal 7: For the bearer type change case that PDCP location is changed, considering the key refresh is needed, PDCP re-establishment including PDCP type change is performed, no HO is needed.

Proposal 8:  Add an indication of LTE-NR tight interworking support in msg3 to assist the NW to decide the PDCP type during the RRC connection setup.
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