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Introduction

At RAN2#82 meeting, a preliminary comparison of the the UP Alternatives for SCE was agreed. Due to lack of input, several aspects were however not studied in details. In this contribution, we therefore provide a more complete analysis of the differences between the UP Alternatives proposed for SCE. We suggest capturing the table below in the SCE TR [36.842].
	Alternative
	Alternative 1A
	Alternative 2A
	Atlernative 2C
	Alternative2D
	Alternative 3A
	Alternative 3C
	Atlernative 3D

	Overview
	S1-U terminates in SeNB + independent PDCPs (no bearer split).


[image: image1.emf]MeNB

PDCP

RLC

MAC

SeNB

PDCP

RLC

MAC

S1 S1



	S1-U terminates in MeNB + no bearer split in MeNB + independent PDCP at SeNB.
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	S1-U terminates in MeNB + no bearer split in MeNB + independent RLC at SeNB.
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	S1-U terminates in MeNB + no bearer split in MeNB + master-slave RLC for SeNB bearers.


[image: image4.emf]MeNB

PDCP

RLC

MAC

SeNB

PDCP

RLC

MAC

S1

Xn

RLC


	S1-U terminates in MeNB + bearer split in MeNB + independent PDCPs for split bearers.
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	S1-U terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers.


[image: image6.emf]MeNB

PDCP

RLC

SeNB

PDCP

RLC

MAC

S1

Xn

RLC

MAC


	S1-U terminates in MeNB + bearer split in MeNB + master-slave RLCs for split bearers.
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	Description
	This option terminates the currently defined air-interface U-plane protocol stack completely per bearer at a given eNB, and is tailored to realize transmission of one EPS bearer by one node. 
The transmission of different bearers may still happen simultaneously from the MeNB and a SeNB
	This option terminates the currently defined air-interface U-plane protocol stack completely per bearer at a given eNB. 
With the help of an additional function at MeNB, it supports routing of a bearer towards SeNB.
The transmission of different bearers may still happen simultaneously from the MeNB and a SeNB.
	This option assumes that S1-U terminates in MeNB with the PDCP layer residing in the MeNB always. 
The transmission of different bearers may still happen simultaneously from the MeNB and a SeNB.
	This option assumes that S1-U terminates in MeNB with the PDCP layer and part of the RLC layer residing in the MeNB always.
While requiring only one RLC entity in the UE for the EPS bearer, on the network side the RLC functionality is distributed between the nodes involved, with a “slave RLC” operating in the SeNB. In downlink, the slave RLC takes care of the delay-critical RLC operation needed at the SeNB: it receives from the master RLC at the MeNB readily built RLC PDUs (with Sequence Number already assigned by the master) that the master has assigned for transmission by the slave, and transmits them to the UE. The custom-fitting of these PDUs into the grants from the MAC scheduler is achieved by re-using the currently defined re-segmentation mechanism.
	This option terminates the currently defined air-interface U-plane protocol stack completely per bearer at a given eNB. 
With the help of an additional layer (or functional entity), it supports splitting of a single EPS bearer for transmission by MeNB and SeNB.
	This option assumes that S1-U terminates in MeNB with the PDCP layer residing in the MeNB always.
There is a separate and independent RLC bearer (SAP above RLC), also at UE side, per eNB configured to deliver PDCP PDUs of the PDCP bearer (SAP above PDCP), terminated at the MeNB.
	This option assumes that S1-U terminates in MeNB with the PDCP layer and part of the RLC layer residing in the MeNB.

While requiring only one RLC entity in the UE for the EPS bearer, on the network side the RLC functionality is distributed between the nodes involved, with a “slave RLC” operating in the SeNB. In downlink, the slave RLC takes care of the delay-critical RLC operation needed at the SeNB: it receives from the master RLC at the MeNB readily built RLC PDUs (with Sequence Number already assigned by the master) that the master has assigned for transmission by the slave, and transmits them to the UE. The custom-fitting of these PDUs into the grants from the MAC scheduler is achieved by re-using the currently defined re-segmentation mechanism.

	Implementation & Specs Impacts
	
	
	
	
	
	
	

	Xn interface
	Must introduce signalling to support the interaction between MeNB and SeNB on RRM, power control… (
	Must introduce signalling to support the interaction between MeNB and SeNB on RRM, power control… (
Transfer of PDCP SDUs (
	Must introduce signalling to support the interaction between MeNB and SeNB on RRM, power control… (
Transfer of PDCP PDUs (
Opens interaction between RLC and PDCP (
Flow control required (
	Must introduce signalling to support the interaction between MeNB and SeNB on RRM, power control… (
Transfer of RLC PDUs (
Transfer of RLC Status Reports (
Flow control required (
	Must introduce signalling to support the interaction between MeNB and SeNB on RRM, power control… (
Transfer of PDCP SDUs (
Flow control required (
	Must introduce signalling to support the interaction between MeNB and SeNB on RRM, power control… (
Transfer of PDCP PDUs (
Opens interaction between RLC and PDCP (​​​
Flow control required (
	Must introduce signalling to support the interaction between MeNB and SeNB on RRM, power control… (
Transfer of RLC PDUs (
Transfer of RLC Status Reports (unless MAC is made aware to transmit them over MeNB always) (
Flow control required (

	Above PDCP
	Nothing required in the MeNB to handle packets of SeNB (
	Routing function needed in MeNB (
	Nothing required (
	Nothing required (
	New layer required to split the bearers, route the packets towards the appropriate eNB, and reorder packets (

	Nothing required (
	Nothing required (

	PDCP Security
	Security impacts due to ciphering being required in both MeNB and SeNB (
	Security impacts due to ciphering being required in both MeNB and SeNB (
	No security impacts with ciphering taking place in MeNB only (
	No security impacts with ciphering taking place in MeNB only (
	Security impacts due to ciphering being required in both MeNB and SeNB (
	No security impacts with ciphering taking place in MeNB only (
	No security impacts with ciphering taking place in MeNB only (

	PDCP TX eNB
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	No impact (
Two PDCP entities required for split bearer (
	RLC bearer selection required (
One PDCP entity always, even for split bearer (
	No impact (
One PDCP entity always, even for split bearer (

	PDCP RX UE
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	One PDCP entity per bearer always (

	No impact (
One PDCP entity per bearer (
	No impact (
Two PDCP entities required for split bearer (
	One PDCP entity always, even for split bearer (
PDCP to become responsible for reordering data from two parallel RLC bearers (
PDCP buffer for reordering need to be dimensioned to cope with Xn latencies (

	No impact (
One PDCP entity always, even for split bearer (

	PDCP TX UE
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	No impact (
Two PDCP entities required for split bearer (
	RLC bearer selection required (
One PDCP entity always, even for split bearer (
	No impact (
One PDCP entity always, even for split bearer (

	PDCP RX eNB
	No impact (
One PDCP entity per bearer (
	No impact (
One PDCP entity per bearer (
	One PDCP entity per bearer (

	No impact (
One PDCP entity per bearer (
	No impact (
Two PDCP entities required for split bearer (
	One PDCP entity per bearer (
PDCP to become responsible for reordering data from two parallel RLC bearers (
PDCP buffer for reordering need to be dimensioned to cope with Xn latencies (

	No impact (
One PDCP entity per bearer (

	RLC 
	No impact (
One RLC entity per bearer (
	No impact (
One RLC entity per bearer (
	No impact (
One RLC entity per bearer (
	One Master + one Slave RLC entity per bearer on eNB side (
Backhaul delay becomes part of RLC RTT and extension of RLC SN space may be required, which in turn may increase buffering requirements (
application with RLC UM requires adoption of UMD PDU Segment (
Re-segmentation header (SO - 2bytes) always added to SeNB RLC PDUs during segmentation, therefore increasing overhead (also in status PDUs) (
care needs to be taken at SeNB that RLC Status PDU cannot be segmented (
	No impact (
Two RLC entities required for split bearer (
	No impact (
Two RLC entities required for split bearer (
	One Master + one Slave RLC entity per bearer on eNB side (
Backhaul delay becomes part of RLC RTT and extension of RLC SN space may be required, which in turn may increase buffering requirements (
eNB selection needed at master RLC transmitter (
application with RLC UM requires adoption of UMD PDU Segment (
Re-segmentation header (SO - 2bytes) always added to SeNB RLC PDUs during segmentation, therefore increasing overhead (also in status PDUs) (
care needs to be taken at SeNB that RLC Status PDU cannot be segmented (

	MAC TX eNB
	Prioritisation of traffic between MeNB and SeNB must be done through signalling over S1/X2 (
One MAC entity per eNB (
	Prioritisation of traffic between MeNB and SeNB must be done through signalling over Xn (
One MAC entity per eNB (
	Prioritisation of traffic between MeNB and SeNB must be done through signalling over Xn (
One MAC entity per eNB (
	Prioritisation of traffic between MeNB and SeNB must be done through signalling over Xn (
One MAC entity per eNB (
	Prioritisation of traffic between MeNB and SeNB must be done through signalling over Xn (
One MAC entity per eNB and two MAC entities per split bearer (
	Prioritisation of traffic between MeNB and SeNB must be done through signalling over Xn (
One MAC entity per eNB and two MAC entities per split bearer (
	Prioritisation of traffic between MeNB and SeNB must be done through signalling over Xn (
One MAC entity per eNB and two MAC entities per split bearer (

	MAC RX UE
	No impact (
One MAC entity per eNB (

	No impact (
One MAC entity per eNB (
	No impact (
One MAC entity per eNB (
	No impact (
One MAC entity per eNB (
	No impact (
One MAC entity per eNB and two MAC entities per split bearer (

	No impact (
One MAC entity per eNB and two MAC entities per split bearer (
	No impact (
One MAC entity per eNB and two MAC entities per split bearer (

	MAC TX UE
RLC PDUs
	Radio resource allocation is restricted to the eNB where the Radio Bearer terminates and the UE needs to be aware of the correspondence → need mapping rules between grants and corresponding RLC entities related to the eNB issuing the grants (
	Radio resource allocation is restricted to the eNB where the Radio Bearer terminates and the UE needs to be aware of the correspondence → need mapping rules between grants and corresponding RLC entities related to the eNB issuing the grants (
	Radio resource allocation is restricted to the eNB where the Radio Bearer terminates and the UE needs to be aware of the correspondence → need mapping rules between grants and corresponding RLC entities related to the eNB issuing the grants (
	Radio resource allocation is restricted to the eNB where the Radio Bearer terminates and the UE needs to be aware of the correspondence → need mapping rules between grants and corresponding RLC entities related to the eNB issuing the grants (
	Radio resource allocation is restricted to the eNB where the Radio Bearer terminates and the UE needs to be aware of the correspondence → need mapping rules between grants and corresponding RLC entities related to the eNB issuing the grants (
For split bearers, although the UE is free to select an eNB where to send data first, RLC retransmissions must always target the same eNB → one MAC entity per eNB + one to one mapping between MAC entity and RLC entities (
Tocken bucket algorithm in LCP needs to take the transmission over different eNBs into account (
	For bearers contained in MeNB, radio resource allocation is restricted to the MeNB and the UE needs to be aware of the correspondence → need mapping rules between MeNB grants and corresponding RLC entities
For split bearers, although the UE is free to select an eNB where to send data first, RLC retransmissions must always target the same eNB → one MAC entity per eNB + one to one mapping between MAC entity and RLC entities (
Tocken bucket algorithm in LCP needs to take the transmission over different eNBs into account (
	For bearers contained in MeNB, radio resource allocation is restricted to the MeNB and the UE needs to be aware of the correspondence → need mapping rules between MeNB grants and corresponding RLC entities (
For split bearers, the UE is always free to select an eNB where to send data (first transmissions and re-transmissions) (
Tocken bucket algorithm in LCP needs to take the transmission over different eNBs into account (

	MAC TX UE
BSR, PHR, SR
	BSR, PHR and SR either have to be sent separately or we assume some interaction between MeNB and SeNB via S1/X2 (
	BSR, PHR and SR either have to be sent separately or we assume some interaction between MeNB and SeNB via Xn (
	BSR, PHR and SR either have to be sent separately or we assume some interaction between MeNB and SeNB via Xn (
	BSR, PHR and SR either have to be sent separately or we assume some interaction between MeNB and SeNB via Xn (
	BSR, PHR and SR either have to be sent separately or we assume some interaction between MeNB and SeNB via Xn (
	BSR, PHR and SR either have to be sent separately or we assume some interaction between MeNB and SeNB via Xn (
	BSR, PHR and SR either have to be sent separately or we assume some interaction between MeNB and SeNB via Xn (

	MAC RX eNB
	One MAC entity per eNB (
If BSR, PHR and SR are not sent separately, the eNB needs to forward the information to the other node (
	One MAC entity per eNB (
If BSR, PHR and SR are not sent separately, the eNB needs to forward the information to the other node (
	One MAC entity per eNB (
If BSR, PHR and SR are not sent separately, the eNB needs to forward the information to the other node (
	One MAC entity per eNB (
If BSR, PHR and SR are not sent separately, the eNB needs to forward the information to the other node (
	One MAC entity per eNB (
If BSR, PHR and SR are not sent separately, the eNB needs to forward the information to the other node (
	One MAC entity per eNB (
If BSR, PHR and SR are not sent separately, the eNB needs to forward the information to the other node (
	One MAC entity per eNB (
If BSR, PHR and SR are not sent separately, the eNB needs to forward the information to the other node (

	PHY Aspects
	Separate PUCCH, CQI and power control loops required (
	Separate PUCCH, CQI and power control loops required (
	Separate PUCCH, CQI and power control loops required (
	Separate PUCCH, CQI and power control loops required (
	Separate PUCCH, CQI and power control loops required (
	Separate PUCCH, CQI and power control loops required (
	Separate PUCCH, CQI and power control loops required (

	Performance
	
	
	
	
	
	
	

	SeNB Mobility
	Not hidden to CN (
Forwarding between SeNBs (
Interruption visible due to MeNB unable to support SeNB bearer (
	Not hidden to CN (unless security can solely be handled by MeNB) (
Forwarding between SeNBs (unless MeNB buffers the data) (
Interruption visible due to MeNB unable to support SeNB bearer (
	Hidden to CN (
No forwarding between SeNBs (
Interruption visible due to MeNB unable to support SeNB bearer (
	Hidden to CN (
No forwarding between SeNBs (
Interruption visible due to MeNB unable to support SeNB bearer (
	Not hidden to CN (unless security can solely be handled by MeNB) (
Forwarding between SeNBs (unless MeNB buffers the data) (
Interruption limited thanks to the ability of the MeNB to transmit data for the split bearers (
	Hidden to CN (
No forwarding between SeNBs (
Interruption limited thanks to the ability of the MeNB to transmit data for the split bearers (
	Hidden to CN (
No forwarding between SeNBs (
Interruption limited thanks to the ability of the MeNB to transmit data for the split bearers (

	Utilisation of radio resources across MeNB and SeNB
	Not possible for the same bearer, requires at least two DRBs for having user plane traffics in MeNB and SeNB (
	Not possible for the same bearer, requires at least two DRBs for having user plane traffics in MeNB and SeNB (
	Not possible for the same bearer, requires at least two DRBs for having user plane traffics in MeNB and SeNB (
	Not possible for the same bearer, requires at least two DRBs for having user plane traffics in MeNB and SeNB (
	Possible for the same bearer (
	Possible for the same bearer (
	Possible for the same bearer (

	Dynamic Offload
	Need to involve MME, very  static (
	Controlled by MeNB, static as it can only use one eNB and reconfig required each time (
	Controlled by MeNB, static as it can only use one eNB and reconfig required each time (
	Controlled by MeNB, static as it can only use one eNB and reconfig required each time (
	Controlled by MeNB, can be dynamic as long SCells are setup (
	Controlled by MeNB, can be dynamic as long SCells are setup (
	Controlled by MeNB, can be dynamic as long SCells are setup (

	MeNB processing of SeNB traffic
	None (

	Limited to routing, with or without buffering above PDCP (
	Down to PDCP level followed by routing (
	Down to RLC level followed by routing (
	 Limited to routing, with buffering and reordering above PDCP (
	Down to PDCP level followed by routing (
	Down to RLC level followed by routing (

	Backhaul Traffic
	Low requirements (
	Need to carry traffic offloaded to SeNB (
If the router is above MeNB, the MeNB-router link wil see the SeNB traffic twice (
	Need to carry traffic offloaded to SeNB (
If the router is above MeNB, the MeNB-router link wil see the SeNB traffic twice (once as PDCP SDUs, and once as PDCP PDUs) (
	Need to carry traffic offloaded to SeNB (
If the router is above MeNB, the MeNB-router link wil see the SeNB traffic twice (once as PDCP SDUs and once as RLC PDUs) (
	Need to carry traffic offloaded to SeNB (
If the router is above MeNB, the MeNB-router link wil see part of the traffic twice (the offloaded part) (
	Need to carry traffic offloaded to SeNB (
If the router is above MeNB, the MeNB-router link wil see part of the traffic twice (the offloaded part, once as PDCP SDUs, and once as PDCP PDUs) (
	Need to carry traffic offloaded to SeNB (
If the router is above MeNB, the MeNB-router link wil see part of the traffic twice (the offloaded part, once as PDCP SDUs and once as RLC PDUs) (

	Buffering Requirements
	Full termination of EPS bearer at SeNB offloads PDCP buffering from MeNB (
	Full termination of EPS bearer at SeNB offloads PDCP buffering from MeNB (
	Partially overlapping buffering needed at both MeNB and SeNB (
	Partially overlapping buffering needed at both MeNB and SeNB (
RLC SN space may require extension, because Xn delay becomes part of ARQ RTT (
	Bearer splitting implies increased reordering-buffering requirement, either to UE or MeNB (
	Bearer splitting implies increased reordering-buffering requirement, either to UE or MeNB (
	Bearer splitting implies increased reordering-buffering requirement, either to UE or MeNB (
RLC SN space may require extension, because Xn delay becomes part of ARQ RTT (
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