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1. Introduction
Split bearer operation and PDCP/RLC procedures required for split bearer operation were discussed in the last two RAN2 meetings. Even though many agreements were made on the support of dual connectivity operation, the discussion on capturing of the agreements on core specifications has just started. A number of (new) behaviors at the PDCP and RLC is required for support of split bearer operation, depending on whether the inter-MeNB HO, intra-MeNB HO with SeNB, SeNB change, or bearer type reconfiguration. 

In this contribution, we analyze different scenarios and identified the minimum number of different behaviors expected from PDCP and RLC layers. Finally, the contribution presents our views on how to capture different PDCP/RLC behaviors required for split bearer operation. 

2 Discussion
The agreements were made in the last two RAN2 meeting with regards to the PDCP and RLC operation for dual connectivity support. The agreements are captured in Annex A for easy reference. 

A number of different procedures impacting the PDCP/RLC are introduced for DC support:

HO scenarios:

· MeNB to eNB HO (inter-MeNB HO)

· Intra MeNB HO with the same SeNB before and after the HO

Without HO scenarios:

· Bearer type re-configuration (Bearer type change)

· SCG change from SeNB1 to SeNB2

· Intra-SCG change

Table 1 summarizes the agreements for each DC scenario. The table captures the expected PDCP and RLC behavior for bearer type change considering each scenario.
Table 1: PDCP and RLC operation required for different DC procedures
	Scenario
	Bearer type change
	PDCP operation
	RLC operation

	MeNB to eNB HO
	Split bearer -> split bearer
	Not allowed

	
	MCG -> split bearer
	

	
	MCG-> SCG
	

	
	SCG->SCG
	

	
	SCG -> MCG
	A) Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	Split bearer-> MCG
	B)PDCP re-establishment

	M-RLC re-establish 
S-RLC release 

	Intra MeNB HO with the same SeNB before and after HO
	Split bearer -> split bearer
	C)PDCP re-establishment
-new security key, ROHC reset, 

- split bearer reordering continue and both SDUs and PDUs should be taken into account 
	M-RLC re-establish 

· Same as legacy HO

S-RLC re-establish??


	
	MCG -> split bearer
	C)PDCP re-establish
-new security key, ROHC reset, 

-legacy PDCP re-ordering and split bearer reordering start 
	M-RLC re-establish 

· Same as legacy HO

S-RLC establish??


	
	MCG-> SCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	SCG->SCG
	A) Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	SCG -> MCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	Split bearer-> MCG
	B)PDCP re-establish
 
	M-RLC re-establish 

S-RLC release 

	Bearer reconfiguration
	Split bearer -> split bearer
	The lower protocol layer reconfiguration does not result in RLC or PDCP to re-establish/release

	
	MCG -> split bearer
	D)Doesn’t trigger PDCP status report in DL
Doesn’t trigger UL PDCP re-transmission

Start PDCP reordering
	For UL:M-RLC keeps retransmitting UL PDUs, S-RLC establish 

For DL: S-RLC establish an M-RLC continues



	
	MCG-> SCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	SCG->SCG
	The lower protocol layer reconfiguration does not result in RLC or PDCP to re-establish/release 

	
	SCG -> MCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	Split bearer-> MCG
	E)Same security key, no RoHC reset
Split bearer reordering continue temporally in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	For UL:S-RLC keeps retransmitting UL PDUs, M-RLC establish 

For DL: M-RLC continues, S-RLC release



	SCG change from SeNB1 to SeNB2
	Split bearer -> split bearer
	F)Same security key, no RoHC reset

Split bearer reordering continue in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	??M-RLC continues
??S-RLC re-establish

	
	MCG -> split bearer
	D)Doesn’t trigger PDCP status report in DL
Doesn’t trigger UL PDCP re-transmission

Start PDCP reordering
	For UL:M-RLC keeps retransmitting UL PDUs, S-RLC establish 

For DL: S-RLC establish an M-RLC continues



	
	MCG-> SCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	SCG->SCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	SCG -> MCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	Split bearer-> MCG
	G)Same security key, no RoHC reset

Split bearer reordering continue temporally in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	For UL:???S-RLC re-establishes, M-RLC establish 

For DL: M-RLC continues, S-RLC release



	Intra SCG change 
	Split bearer -> split bearer
	F)Same security key, no RoHC reset

Split bearer reordering continue in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	??M-RLC continues
??S-RLC re-establishes

	
	MCG -> split bearer
	D)Doesn’t trigger PDCP status report in DL
Doesn’t trigger UL PDCP re-transmission

Start PDCP reordering
	For UL:M-RLC keeps retransmitting UL PDUs, S-RLC establish 

For DL: S-RLC establish an M-RLC continues



	
	MCG-> SCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	SCG->SCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	SCG -> MCG
	A)Legacy HO operation: PDCP re-establishment

RLC re-establish

	
	Split bearer-> MCG
	G)Same security key, no RoHC reset

Split bearer reordering continue temporally in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	For UL:???S-RLC re-establishes, M-RLC establish 

For DL: M-RLC continues, S-RLC release




As illustrated in Table 1, the legacy HO operation (ie. PDCP and RLC re-establishment) applies for SCG bearer type change regardless of whether bearer types change performed during MeNB HO or not. This is labeled A) and highlighted in yellow in Table 1.

However for split bearer operation in DC, the PDCP and RLC behavior deviate from that of legacy HO operation. Depending on the scenario considered, different PDCP and RLC behaviors are expected for bearer type change involving split bearer. There are 6 different PDCP/RLC behaviors (as highlighted in different colors in Table 1) for split bearer operation in DC. Table 2 lists different PDCP/RLC behavior expected for support of split bearer operation in DC.
Table 2: different PDCP/RLC operation required for support of DC

	label
	PDCP behavior
	RLC behavior

	A) 

	 PDCP re-establishment


	RLC re-establish

	B)

 
	 PDCP re-establishment
	M-RLC re-establish 

S-RLC release

	C)
 
	PDCP re-establishment

-new security key, ROHC reset, 

- split bearer reordering continue and both SDUs and PDUs should be taken into account
	M-RLC re-establish 

· Same as legacy HO

S-RLC re-establish??



	D)
	Doesn’t trigger PDCP status report in DL

Doesn’t trigger UL PDCP re-transmission

Start PDCP reordering
	For UL:M-RLC keeps retransmitting UL PDUs, S-RLC establish 

For DL: S-RLC establish an M-RLC continues



	E)
	Same security key, no RoHC reset

Split bearer reordering continue temporally in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	For UL:S-RLC keeps retransmitting UL PDUs, M-RLC establish 

For DL: M-RLC continues, S-RLC release



	F)
	Same security key, no RoHC reset

Split bearer reordering continue in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	M-RLC??

S-RLC??

	G)
	Same security key, no RoHC reset

Split bearer reordering continue temporally in DL

retransmit PDCP PDU not confirmed by the lower layer

PDCP status report for DL if configured
	For UL:???S-RLC re-establishes, M-RLC establish 

For DL: M-RLC continues, S-RLC release




The above different expected behaviors from PDCP and RLC are required for split bearer operation in dual connectivity. The different behavior should be triggered by RRC and different operations are executed by the PDCP and RLC. 

PDCP behavior A is the legacy PDCP re-establishment. Behavior B and C can be combined and captured in one section for PDCP re-establishment for split bearer with security key change and RoHC reset. Behavior D-G can be captured in one section with clearly defining the different executions for different triggered from RRC. 

Observation 1: at least three different sub-sections in PDCP are required for the capturing of PDCP operation for DC. Total of 7 different PDCP/RLC behaviors are expected for different triggers from RRC.
RLC entity is established at the time of bearer establishment and RLC entity is released at the time of bearer release in the legacy system. RLC re-establishment is specified in RLC spec and performed during the HO. During RLC re-establishment, RLC SDUs are reassembled from any byte segment of AMD PDUs governed by the reordering window and deliver all reassembled RLC SDUs to the upper layer in ascending order of the RLC SN, if not delivered before.  And the remaining AMD PDUs and byte segments in the receiving side are discarded. Also all RLC SDUs and AMD PDUs in the transmitting side are discarded at the RLC re-establishment.

For SCG bearer handling, the RLC re-established at the bearer type change with or without MeNB HO. therefore, no new RLC procedures nor modification to the RLC spec is required for the support of SCG bearer.
However for split bearer operation, there are additional requirements on the RLC operation. When the split bearer is established,  M-RLC and S-RLC entities are required to be established for the split bearer. Similarly, when the split bearer is released (ie. EPS bearer is released), both M-RLC and S-RLC entities for the bearer are released. This could follow the legacy RLC establishment and released procedures as triggered by RRC. However when the split bearer is reconfigured to be MCG bearer for DL, the S-RLC should be released after delivering all reassembled RLC SDUs to the upper layer similar to the RLC re-establishment. The S-RLC release can be considered and S-RLC re-establishment prior to S-RLC release. This could minimize the impact to RLC spec.

For UL bearer type change from split to MCG bearer with MeNB HO, the S-RLC re-establishment prior to S-RLC release can be performed. However for UL bearer type change from split to MCG bearer without MeNB HO, S-RLC entity continues the transmission and when all the RLC PDUs are transmitted, S-RLC entity is released. Similar RLC operation requires when the UL bearer type change from MCG to split bearer.

Proposal 1: S-RLC release at the split bearer to MCG bearer change should be considered as S-RLC re-establishment prior to the release of S-RLC.

Proposal 2: RLC spec requires modification to capture the RLC PDU transmission in UL for split bearer after bearer type change to MCG, and to release the S-RLC entity for UL when the buffer is empty.

Required RLC behavior when the split bearer change from split bearer to split bearer has not been discussed yet. Split to split bearer change with intra-MeNB HO, it is logical to support the RLC re-establishment as in legacy HO. Thus, both M-RLC and S-RLC entities are re-established at the time of HO.

For split to split bearer change without MeNB HO (eg: inter SeNB change), S-RLC entity at the network side is established as the SeNB is changed. To keep RLC synchronization at the network and the UE, S-RLC entity at the UE side should also be re-established at the inter SeNB change. Even though intra SeNB involves the same SeNB before and after SeNB change, we think the same procedure as in inter-SeNB change should follow. In conclusion, for split to split bearer change without MeNB HO, S-RLC shall be re-established. Given that MeNB HO is not performed, M-RLC can continue during the split to split change without MeNB HO.
Proposal 3: for split to split bearer change with or without MeNB HO, S-RLC is re-established. 

An agreement was made in the last meeting, at UL direction change for split bearer, RLC keeps retransmitting RLC PDUs and eNB PDCP performs PDU reordering. This agreement only applies when the bearer type change occurred without SeNB or MeNB change. As pointed out above for UL direction change for split bearer at SeNB change, S-RLC is re-established at the network side, hence the S-RLC re-establishment should be performed at the UE as well for RLC synchronization. 

Proposal 4: for split to MCG bearer change for UL with SeNB change, S-RLC is re-established. 

3 Conclusion 
This contribution discusses expected PDCP/RLC behaviors in support of split bearer operation considering different bearer type change scenarios. The following observation and proposals were made.

Observation 1: at least three different sub-sections in PDCP are required for the capturing of PDCP operation for DC. Total of 7 different PDCP/RLC behaviors are expected for different triggers from RRC.

Proposal 1: S-RLC release at the split bearer to MCG bearer change should be considered as S-RLC re-establishment prior to the release of S-RLC.

Proposal 2: RLC spec requires modification to capture the RLC PDU transmission in UL for split bearer after bearer type change to MCG, and to release the S-RLC entity for UL when the buffer is empty.

Proposal 3: for split to split bearer change with or without MeNB HO, S-RLC is re-established. 

Proposal 4: for split to MCG bearer change for UL with SeNB change, S-RLC is re-established. 

4 Annex A
Agreements from RAN2#87 and RAN2#86
=>
When SCG is added there is always at least one SCG or Split bearer. SCG cannot exist without any bearer.
=>
When bearer type is changed from Split to MCG bearer or changed from Split to Split bearer (without MeNB HO):


- Continue using same keys


- No ROHC reset

- For DL, PDCP PDU reordering procedure continues for Split to Split bearer change

- For DL, PDCP status report transmission for DL transport, if configured by upper layer.


- For UL, Restart transmissions of PDCP PDU’s previously transmitted via SCG for which delivery is not confirmed by lower layers
=>
Normal PDCP re-establishment will be applicable at an individual bearer level in case of bearer type change:


- MCG bearer -> SCG bearer


- SCG bearer -> MCG bearer


- SCG bearer -> SCG bearer (SCG change)
=>
Bearer type change from MCG bearer -> Split bearer does not trigger PDCP status report.

=>
Bearer type change from MCG bearer -> Split bearer does not trigger UL PDCP retransmission.

=>
At UL direction change, RLC keeps retransmitting RLC PDUs, and eNB PDCP performs PDU reordering.
=>
Temporary reordering is considered only for Bearer Type change from Split bearer to MCG bearer case without involving Security Key change and Header Compression reset.

=>
At Split bearer to MCG bearer change with MeNB handover, the PDCP PDU reordering is disabled immediately and legacy PDCP re-establishment procedure is applied.
=>
Split bearer to Split bearer change is supported at intra-MeNB handover.

=>
Split bearer is changed to MCG bearer or released at inter-MeNB handover.
=>
At Split bearer to Split bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT. After MeNB handover, the reordering should take into account both SDUs and PDUs.
=>
At Split bearer to MCG bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT. After MeNB handover, legacy SDU reordering applies.
=>
PDCP maintains a Split bearer reordering function to reorder both SDUs and PDUs, after MCG bearer is changed to Split bearer and after Split bearer is changed to Split bearer.
=>
PDCP performs Reordering --> Deciphering --> Header Decompression
=>
Specify whole PDCP reordering procedure in separate section using absolute value operation.

=>
UE triggers PDCP status report for split bearer at SCG RLC release/re-establishment if network configures UE to send PDCP status report.

=>
UE triggers PDCP status report at reconfiguration from MCG bearer to SCG bearer if network configures UE to send PDCP status report.
=>
The PDCP starts reordering function immediately after receiving split bearer configuration message.

=>
At split bearer reconfiguration towards MCG bearer, MCG RLC is not re-established

=>
After split bearer reconfiguration towards MCG bearer, PDCP continues reordering operation for a short while.


- Until reordering buffer is emptied


- Until reordering buffer is emptied and next received PDU does not create SN gap

- Until a timer expires


- Until an explicit indication is received

- Left for UE implementation
=>
[EMAILDISC] Email discussion on PDCP reordering after split bearer reconfiguration towards MCG bearer (NSN) until the next meeting

- 1 -

