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Introduction
In LTE DC, SCG change is performed in in most of the bearer type change as described below:
SCG change is a synchronous SCG reconfiguration procedure (i.e. involving RA to the PSCell) including reset/ re-establishment of layer 2 and, if SCG DRBs are configured, refresh of security. The procedure is used in a number of different scenarios e.g. SCG establishment, PSCell change, Key refresh, change of DRB type. The UE performs the SCG change related actions upon receiving an RRCConnectionReconfiguration message including mobilityControlInfoSCG, see 5.3.10.10.
The details of the L2 handling (PDCP and RLC and MAC entities handling) for the bearer type addition and change is provided in the Section 5.3.10.3a1 (MCG and SCG L2 handling on PDCP and RLC) and 5.3.10.10 (SCG change procedure) of TS36.331.
In this contribution, the RLC and MAC handling for EN-DC operation is discussed and the principle on the L2 handling for EN-DC operation is proposed.
Discussion
Background: Bearer type change and SN change in LTE DC
When UE receives a RRC Connection Reconfiguration with bearer type change:
· For PDCP entity, it is established when a new SCG bearer is added to the UE.  It is reconfigured to the new security configuration if there is bearer type change between MCG and SCG.
· For RLC entity, SCG RLC entity is established when a new SCG bearer is added or when a SCG leg is added for the MCG split bearer. A MCG RLC entity is reconfigured to a SCG RLC entity when bearer type change from MCG to SCG and a SCG RLC entity is reconfigured to a MCG RLC entity when bearer type change from SCG to MCG. A RLC entity can also be reconfigured with new RLC configuration while the bearer type is not changed.
For some bearer type changes (except for MCG to MCG split), it is accompanied with SCG change. The UE also performs the following actions for SCG change:
· For PDCP entity, PDCP is re-established for the case the bearer type change is between MCG and SCG. In the case of MCG split to MCG, PDCP recovery is performed involving PDCP retransmission.
· For RLC entity, MCG RLC entity is re-established for MCG to SCG while SCG RLC entity is re-established for SCG to MCG and MCG split to MCG. 
· SCG MAC reset is applied
The SCG change procedure above is also performed for SN change due to UE mobility. The above is summarised in the following table:
	Source/target bearer type
	MCG bearer
	SCG bearer
	Split bearer

	MCG bearer
	Legacy operation
	- PDCP reconfigured with new security configuration and reestablishment
- RLC reestablishment
- SCG MAC reset
	- Start PDCP reordering
- Establish SCG RLC entity


	SCG bearer
	- PDCP reconfigured with new security configuration and reestablishment
- RLC reestablishment
- SCG MAC reset
	If SN change due to UE mobility:
- PDCP reestablishment 
- RLC reestablishment
- SCG MAC reset
	Not supported

	Split bearer
	- PDCP recovery
- SCG RLC reestablishment
-SCG MAC reset
	Not supported
	If SN change due to UE mobility:
- PDCP reconfigured with new security configuration and reestablishment
- SCG RLC reestablishment
- SCG MAC reset



Observation#1: As LTE RLC does not do out of order delivery to PDCP, during a bearer type change between SCG and MCG bearer types, SCG/MCG RLC entity is reconfigured to MCG/SCG RLC entity and are re-established to push the remaining RLC SDU in the reordering queue to PDCP. SCG RLC entity is re-established for the same reason in MCG split to MCG. LTE RLC entity reestablishment due to mobility (i.e. SN change or MN handover) is already agreed.
Observation#2: SCG MAC needs to be reset to clear off any MAC PDU in the soft buffer or HARQ buffer, potentially using old security key (for SN change due to mobility).
Observation#3: Both these bearer type changes (between MCG and SCG and between MCG split and MCG) are done only as part of HO that already incorporates reconfiguration of the RLC, and, RLC reestablishment and MAC reset.
Bearer type change and SN change in EN DC
RLC handling during bearer type change
From the above observations, for bearer type change from SCG split bearer to SCG bearer or SN change for SCG split bearer, it also affect LTE(MCG) RLC entity associated to SCG split bearer. In this case, LTE (MCG) RLC entity has to be re-established to deliver the buffered RLC SDUs to PDCP before the LTE (MCG) RLC entity is released during the SCG split bearer to SCG bearer change or when PDCP entity is re-established (e.g. during SN change for SCG split bearer, during bearer type change between MCG and SCG bearer etc.).
Proposal#1:  LTE (MCG) RLC entity is re-established before the LTE (MCG) RLC entity is released during the SCG split bearer to SCG bearer change or when PDCP entity is re-established (e.g. during SN change for SCG split bearer, during bearer type change between MCG and SCG bearer etc.).
For bearer type change and SN change in EN DC, the following factors also need to be considered:
· Change of LTE RLC entity to/from NR RLC entity: For (1), this may occur because of bearer type change between MCG and SCG bearer. LTE RLC has reordering function and hence buffers out of order RLC SDUs while NR RLC delivers all RLC SDUs to PDCP immediately without reordering or buffering.  Hence if the change is from LTE RLC entity to NR RLC entity (e.g. MCG to SCG), then re-establishment needs to be performed on the LTE RLC entity to ensure that any RLC SDU stored in the reordering queue can be push to the PDCP layer. It can then be released and a NR RLC entity established. If the change is from NR RLC entity to LTE RLC entity, the NR RLC entity can be released without re-establishment and the LTE RLC entity is established.
Observation#4: No reconfiguration of LTE RLC entity to/from NR RLC entity is needed.  Instead, the RLC entities can be released and established between MCG and SCG bearer type change.
· There is no RLC reordering in NR and thus there is no need to perform RLC re-establishment in the case the NR RLC entity is to be released. This is applicable for bearer type change of SCG and SCG/MCG split to MCG. In these bearer type changes, there is no need to perform SCG RLC entity re-establishment before the RLC release since there is buffering or no reordering function in NR RLC. 
Observation#5: No SCG RLC entity re-establishment is needed for just bearer type change (i.e. not involved MN or SN mobility) in EN-DC.
Based on the above observations, SCG RLC entity does not need to be re-established for bearer type change not involving mobility procedure (i.e. SN change).
Proposal#2:  In EN-DC, SCG RLC entity does not need to be re-established for bearer type change not involving mobility procedure (i.e. SN change)
MAC handling during bearer type change
In LTE, SCG MAC reset is performed for SN change due to UE mobility. Bearer type change uses SN change procedure to simplify the procedure of performing PDCP and RLC reestablishment. Other than SCG MAC reset for SN change, SCG MAC reset also has to be performed for bearer type change between MCG split bearer and SCG split bearer where the PDCP location is changed. The reason for the reset is to clear off MAC PDU using old security key configuration.
Observation#6: UE needs to reset SCG MAC if bearer type change between MCG split and SCG split and SN change for SCG split bearer and SCG bearer
Furthermore, in NR, there is also a need to reset MCG MAC for SCG split bearer if PDCP is re-established with security key change (i.e. due to SN change with UE mobility and bearer type change between MCG split bearer and SCG split bearer)
Observation#7: UE needs to reset MCG MAC for SCG split bearer due to SN change with UE mobility and bearer type change between MCG split bearer and SCG split bearer.
Both MCG and SCG MAC reset not only affects the bearer of concern with key change (e.g. due to SN change) but also other bearers and SRB as well which are not affected by the key change. 
Observation#8: MAC reset will cause disruption to not just the bearer of concern with key change but also other bearers and SRB as well which are not affected by the key change.
If the soft buffer and HARQ buffer of MAC PDUs using the old security key is not cleared, MAC will attempt delivery to the new RLC and PDCP entities. To avoid SCG/MCG MAC reset to clear the buffer, there are the following approaches:
1. Allocate a new LC-ID for the DRB associated with PDCP re-establishment. The MAC will discard the MAC PDU with the old (now unknown) LC-ID.
2. Include an index in the PDCP header of the PDCP PDU to indicate whether PDCP PDU is ciphered or integrity protected by previous or new key. PDCP entity discards PDCP PDU with indication of previous key or decipher PDCP PDU accordingly with old or new key depending on the indication.
a. Instead of an index, a 1 bit toggling bit to indicate the key change can be used. Upon receiving a PDCP PDU, the PDCP entity will decipher the PDCP payload according to the key indicated in the PDCP header or just discard it.
3. Allow the PDCP level integrity protected MAC PDU using the old security key to be sent to PDCP and leave it to PDCP to discard it due to failed integrity protection
Approach 1 can be used if the associated RLC entity to the DRB is reset/re-established (obviously it can also be used if the associated RLC entity is not re-established). Upon RLC reset/reestablishment, all the state variables will be reset and the RLC SN will be initialized. Discarding the MAC PDU that is related to RLC PDU with previous RLC SN is thus necessary. One concern could be that there are not sufficient LCIDs for UL/DL logical channel on the LTE side. Currently there are 8 LC-IDs to be associated with DRB. This will allow at most 4 split bearers, which we think is sufficient.
Approach 2 can only be used if the associated RLC entity to the DRB is not reset/re-established. Since the RLC entity is not re-established, the existing state variables and SN continues. Then sending MAC PDU containing existing RLC SDU will not be an issue to RLC entity.
Approach 3 is only possible for NR PDCP. If LTE PDCP is used for a split bearer, integrity protection for DRB is not supported. Furthermore, using integrity check failure to discard PDCP PDU may mean deviation from the normal integrity check failure and trigger recovery procedures. Hence this approach is not preferred.
Comparing between Approach 1 and 2, Approach 1 can be used regardless of whether RLC entity is re-established or not. Hence it is proposed:
Proposal#3: MCG and SCG MAC reset can be avoided for SN change with PDCP change by:
Allocating a new LC-ID during bearer type change or SN change for the DRB associated with PDCP re-establishment. The MAC will discard the MAC PDU with old (unknown) LC-ID.
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposal:
Based on LTE DC:
Observation#1: As LTE RLC does not do out of order delivery to PDCP, during a bearer type change between SCG and MCG bearer types, SCG/MCG RLC entity is reconfigured to MCG/SCG RLC entity and are re-established to push the remaining RLC SDU in the reordering queue to PDCP. SCG RLC entity is re-established for the same reason in MCG split to MCG. LTE RLC entity reestablishment due to mobility (i.e. SN change or MN handover) is already agreed.
Observation#2: SCG MAC needs to be reset to clear off any MAC PDU in the soft buffer or HARQ buffer, potentially using old security key (for SN change due to mobility).
[bookmark: _GoBack]Observation#3: Both these bearer type changes (between MCG and SCG and between MCG split and MCG) are done only as part of HO that already incorporates reconfiguration of the RLC, and, RLC reestablishment and MAC reset.
Due to the further factors in NR:
Proposal#1:  LTE (MCG) RLC entity is re-established before the LTE (MCG) RLC entity is released during the SCG split bearer to SCG bearer change or when PDCP entity is re-established (e.g. during SN change for SCG split bearer, during bearer type change between MCG and SCG bearer etc.).
Observation#4: No reconfiguration of LTE RLC entity to/from NR RLC entity is needed.  Instead, the RLC entities can be released and established between MCG and SCG bearer type change.
Observation#5: No SCG RLC entity re-establishment is needed for just bearer type change (i.e. not involved MN or SN mobility) in EN-DC.
Based on the above observations, 
Proposal#2:  In EN-DC, SCG RLC entity does not need to be re-established for bearer type change not involving mobility procedure (i.e. SN change)
On the MAC reset:
Observation#6: UE needs to reset SCG MAC if bearer type change between MCG split and SCG split and SN change for SCG split bearer and SCG bearer
Observation#7: UE needs to reset MCG MAC for SCG split bearer due to SN change with UE mobility and bearer type change between MCG split bearer and SCG split bearer.
Observation#8: MAC reset will cause disruption to not just the bearer of concern with key change but also other bearers and SRB as well which are not affected by the key change.
Proposal#3: MCG and SCG MAC reset can be avoided for SN change with PDCP change by:
Allocating a new LC-ID during bearer type change or SN change for the DRB associated with PDCP re-establishment. The MAC will discard the MAC PDU with old (unknown) LC-ID.
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