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1. Introduction
Small cell discussions have been taking place in RAN2 [1], including the issue of signalling for the SeNB addition/release/change procedures. However, the issue of how to handle the Layer 2 when the SeNB is added/released/changed/modified has not yet been examined. In this contribution, we will look at the issues of handling layer 2 when SeNB is added/released/changed/modified. 

2. Discussion
1.1. L2 Handling 
In this section, we will discuss handling layer 2 in the following SCG related procedures: SCG addition, SCG releasing, SCG change and SCG modification. 
Current L2 configuration mainly includes drb-Identity, pdcp-Config, rlc-Config, logicalChannelConfig, logicalChannelIdentity and the MAC configuration. As the configuration of drb-Identity, pdcp-Config, rlc-Config, logicalChannelConfig, logicalChannelIdentity is tightly associated with DRBs, we then discuss the L2 handling in SCG related procedures from the aspects of DRB and the MAC entity.
1.1.1. SCG addition 
In the SCG addition procedure, the first cell of the SCG will be added to the UE [1]. MeNB may move part of UE bearers to SeNB, this involves bearer modification from MCG bearer to SCG bearer in UP option 1A case or from MCG bearer to split bearer in UP option 3C case. 

· Case 1: MCG bearer -> SCG bearer

· DRB identity：RAN2 agreed in last meeting that MeNB assigns DRB ID and DRB IDs are unique for UE, thus we think DRB identity is kept unchanged when changing bearer type.

· PDCP: PDCP may be reconfigured due to e.g. Header compression profile modification, security update. Moreover, PDCP re-establishment may be performed in bearer type cases, just like in current handover or RRC re-establishment case.

· RLC：Target eNB may reconfigure RLC of the switched bearer, as target eNB and source eNB can use different radio configuring strategy and QoS guarantee scheme. RLC re-establishment may be performed as well, like in current handover or RRC re-establishment case.

· Logical channel configuration：Target eNB may reconfigure the logical channel configuration with LogicalChannelConfig IE, as target eNB and source eNB can use different radio configuring strategy and QoS guarantee scheme.

· Logical channel identity：Logical channel ID is independently allocated by MCG and SCG as agreed; this means that the same logical channel ID can be used in MCG and SCG, but is unique in one CG. Thus when moving a bearer form one CG to another, the target eNB may need to reconfigure the logical channel ID of the switched DRB to avoid logical channel ID confusion.
· Case 2: MCG bearer -> split bearer

· DRB identity: as agreed, the same DRB ID is used for split bearer in MCG and SCG, thus DRB ID is unchanged in this case.

· PDCP: PDCP reconfiguration is needed due to reordering function initiation.

· RLC: An SCG-RLC entity should be setup, the MeNB may reconfigure the MCG-RLC entity accordingly.

· Logical channel configuration: SeNB performs logical channel configuration corresponding to SCG.

· Logical channel identity: SeNB configures a logical channel ID for the SCG part of the switched DRB.

Observation 1: The DRB configuration including pdcp-Config, rlc-Config, logicalChannelConfig, logicalChannelIdentity may need to be modified for bearers whose bearer type is modified in SCG addition procedure.

Moreover, in this procedure, upon reception of the RRCConnectionReconfiguration, the UE should establish SCG-MAC entity as requested by RRCConnectionReconfiguration message.  

Proposal 1: When SCG is added, SCG-MAC is established.

1.1.2. SCG release 
SCG release can be initiated for several possible reasons: 

A. UE with dual connectivity is requested to communicate with MeNB only. 

B. UE with dual connectivity leaves RRC_CONNECTED mode to RRC_IDLE mode 

C. UE performs re-establishment and all the SCells, including the SCells in SCG, are released autonomously.  

In scenario A, the UE receives the message from the MeNB which may include an indication towards UE i.e. a field indicating the UE shall release the entire SCG configuration [1]. 

In scenario B the UE may receive the RRC message which may include a field indicating that the UE releases the entire SCG configuration upon reception of the RRCConnectionRelease or successful completion of the mobility from E-UTRA command.

In scenario C, upon the UE performs the re-establishment, reusing the concept for CA, the UE should release all the SCell(s), including the SCell(s) in SCG. Then the UE should release the SCG configuration autonomously. 
In SCG release procedure, MeNB may need to move part of UE bearers back to the MeNB from the SeNB. Thus, bearers may need to be modified from SCG bearer to MCG bearer or from split bearer to MCG bearer.

· Case 3: SCG bearer -> MCG bearer

· DRB identity: the same as in case 1.

· PDCP: the same as in case 1.

· RLC: the same as in case 1.

· Logical channel configuration: the same as in case 1.

· Logical channel identity: the same as in case 1.

· Case 4: Split bearer -> MCG bearer

· DRB identity: the same as in case 2.

· PDCP: PDCP reconfiguration should be needed due to reordering function release.

· RLC: the corresponding SCG-RLC entity should be released, meanwhile the MeNB may reconfigure the MCG-RLC entity.

· Logical channel configuration: the corresponding logical channel configuration to SCG should be released.

· Logical channel identity: Logical channel ID for the SCG part of the switched DRB should be released.
Observation 2: The DRB configuration including pdcp-Config, rlc-Config, logicalChannelConfig, logicalChannelIdentity may need to be modified for bearers whose bearer type is modified in SCG release procedure.
Besides the above, for the scenarios A/B/C, we can conclude the UE can release the SCG-MAC either autonomously or as requested by the MeNB when the SCG is released. 

Proposal 2 When the SCG is released, SCG-MAC is released.
1.1.3. SCG change 
In the SCG change procedure, the configured SCG is changed from one SeNB to another one. In this procedure, we understand that the MeNB can directly move the SCG bearer or the split bearer from the source SCG to the target SCG without changing the bearer type. The target SCG may reconfigure the associated SCG bearer/split bearer including PDCP, RLC and logical channel configuration or keep it as it is, just like the current handover procedure.

Observation 3: The bearer type of the DRB can be unchanged in SCG change procedure.

Furthermore, during this procedure, there are two options for how to deal with the SCG-MAC [3]: 

A. Release the SCG-MAC for the source SeNB then add the SCG-MAC for target SeNB

B. Reconfigure the SCG-MAC only when SeNB is changed. 

With option A, the SCG-MAC can be released and added by the same RRCConnectionReconfiguration message, which is similar to the SCell replacement in the CA system. With option B, the SCG-MAC is kept during procedure of the SeNB change and the behaviour of SCG-MAC is similar with that of the legacy MAC during a handover procedure. In [2] we have agreed that the RRCConnectionReconfiguration message in the SCG change procedure comprises the release of the source SCG. However, with option B the SCG-MAC is not released. So option B is a kind of optimization. To unify the UE action when receiving the release of the SCG, we think option A is simplest from the UE implementation point of view. So we suggest that during the SCG change procedure, the SCG-MAC is released first and then added.  

Proposal 3: During the SCG change procedure, the SCG-MAC is first released and then added. 

1.1.4. SCG modification
SCG modification procedure here refers to that the SCG configuration is modified due to DRB change when the SCG is already be configured for UEs. SCG modification can be used to modify a DRB when MeNB prefers to move a DRB to SeNB or back to MeNB from SeNB, for reasons e.g. load balancing, bearer QoS guarantee. With this consideration, we believe that all the four cases previously mentioned for bearer modification may be involved, case 1 and 2 in section 2.1.1 and case 3 and 4 in section 2.1.2. Thus the analysis of L2 handling for these cases in previous sections can be reused here.
Besides, for UP option 1A, in case 1 when moving a DRB from MCG bearer to SCG bearer, the associated MAC entity for this DRB should be changed from MCG-MAC to SCG-MAC. Correspondingly, in case 3 when moving a DRB back from SCG bearer to MCG bearer, the associated MAC entity for this DRB should be changed from SCG-MAC to MCG-MAC. For UP option 3C, in case 2 when change a DRB from MCG bearer to split bearer, the SCG part of the split bearer should be associated to SCG-MAC entity; in case 4 when change a DRB from split bearer to MCG bearer, the association between the DRB and SCG-MAC should be released.
Observation3: The DRB configuration together with the associated MAC entity may need to be updated for bearers whose bearer type is modified in SCG modification procedure.
1.2. Summary 
Based on the above description, we summarise the layer 2 handling in these four procedures in table 1.
Table 1 Layer 2 handling during SCG related procedures
	L2 handling
	SCG addition
	SCG release
	SCG change
	SCG modification

	PDCP
	PDCP of a DRB can be reconfigured
	PDCP of a DRB can be reconfigured
	PDCP of a DRB can be reconfigured
	PDCP of a DRB can be reconfigured

	RLC
	RLC of a DRB can be reconfigured, a new SCG-RLC entity is setup for case 2
	RLC of a DRB can be reconfigured, SCG-RLC entity is released for case 4
	RLC of a DRB can be reconfigured
	RLC of a DRB can be reconfigured

	LCH ID
	LCH ID may need to be modified in case 1
	LCH ID may need to be modified in case 3
	LCH ID can be unchanged
	LCH ID may need to be modified in case 1 and case 3

	LCH configuration
	LCH configuration can be reconfigured
	LCH configuration can be reconfigured
	LCH configuration can be reconfigured
	LCH configuration can be reconfigured

	MAC entity
	SCG-MAC is established
	SCG-MAC is released
	SCG-MAC is released firstly and then added
	SCG-MAC configuration can be re-configured. And the associated MAC entity of a DRB should be updated in bearer type modification case


According to the analysis shown in this contribution and the observations, we propose that: 
Proposal 4: The DRB configuration including pdcp-Config, rlc-Config, logicalChannelConfig, logicalChannelIdentity may need to be modified for bearers whose bearer type is modified in SCG related procedures.

3. Conclusions

This contribution shows the layer 2 handling when SCG is added/released/changed/modified. The following are proposed: 

Proposal 1: When SCG is added, SCG-MAC is established.
Proposal 2 When the SCG is released, SCG-MAC is released.

Proposal 3: During the SCG change procedure, the SCG-MAC is first released and then added. 

Proposal 4: The DRB configuration including pdcp-Config, rlc-Config, logicalChannelConfig, logicalChannelIdentity may need to be modified for bearers whose bearer type is modified in SCG related procedures.
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