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1
Introduction

At the RAN#80 meeting in June 2018, a new Rel-16 WI was approved [1] with the purpose to further enhance LTE mobility by reducing handover interruption time and improve mobility robustness. 

At the RAN2#105 meeting it was agreed to specify the “non-split bearer” candidate solution (a.k.a. the enhanced Make-Before-Break solution) for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.
1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

In this contribution we continue the discussion started in RAN3#104bis and we propose some stage-2 and stage-3 principles for enhanced Make-Before-Break data forwarding in E-UTRAN.
2
Discussion

2.1 When to start data forwarding

Even if MBB and RACH-less HO (both concepts introduced in Rel-14) are combined in the same handover procedure, it is still only possible to accomplish seamless mobility, i.e. true 0ms HO interruption time, in some scenarios. In order to meet the target of 0ms HO interruption time in more scenarios, the UE need to keep its connection with the source cell until it is able to receive (and transmit) user data in the target cell.

In principle, this means that the source eNB, after sending the RRCConnectionReconfiguration message with MobilityControlInfo (Handover Command) to the UE, continues to send DL packets to the UE at least until the UE is ready to receive DL packets from the target eNB. In other words, the network needs to provide the UE with a seamless DL data flow throughout the handover execution phase.

Observation 1: To achieve seamless handover, the network needs to provide the UE with a continuous DL data flow throughout the handover execution phase.

Data forwarding can either be triggered at an early stage in the handover procedure as in a legacy handover, or at a later stage in the handover execution phase, e.g. when the UE performs random-access in the target cell.

Important to consider when discussing data forwarding and 0ms handover interruption time is that the target eNB can start DL transmission immediately when the UE has completed the handover in the target cell. Even if a UE with dual active protocol stacks is potentially able to continuously receive DL data from the source eNB after completing the handover in the target cell, the UE may be on the cell edge of the source cell, thus the radio conditions to/from the source cell would not be ideal, causing unnecessary delays/interruptions in the DL data flow (due to transmission repetitions) to the UE.

Observation 2: Ideally, the UE starts receiving DL data from the target eNB immediately after completing the handover.

Starting data forwarding late in the handover execution phase, e.g. when the UE performs random-access in the target cell, benefits from the fact that a smaller amount of DL PDCP duplications will be forwarded from the source eNB and buffered in the target eNB compared to an early start of data forwarding. 

However, a difficult part with the late start of data forwarding is the time aspect since the start of data forwarding in the source eNB depends on a message sent from the target eNB (or from the UE) when the UE accesses the target cell. According to [2], the X2 latency may exceed 10ms in many deployments (using non-ideal backhaul), which means, if data forwarding is triggered by the target eNB sending an indication to the source eNB over X2, the target eNB may experience a round-trip delay beyond 20ms before it receives the first DL PDCP SDUs from the source eNB.

Observation 3: A late start of data forwarding implies less DL PDCP duplications sent to the target eNB. On the other hand, a late start of data forwarding need to take the X2 transmission latency into account.

Starting data forwarding at an early stage (e.g. when sending the Handover Command to the UE) means that more DL PDCP duplications will be forwarded from the source eNB and buffered in the target eNB compared to a late start of data forwarding. Still, compared to a legacy handover, the number of forwarded and buffered packets in the target eNB at early data forwarding will not exceed the number of buffered packets in the target eNB at a legacy handover.

But most importantly, with an early start of data forwarding the target eNB can always start DL transmission immediately when the UE has completed the handover to the target cell.

Observation 4: With an early start of data forwarding the target eNB can always start DL transmission immediately when the UE has completed the handover to the target cell.

The number of DL PDCP duplications buffered in the target eNB will increase with an early start of data forwarding and sending of duplicated packets on the radio interface will have an impact to user experience, thus it should be avoided as much as possible.

This can be resolved if a PDCP duplication check is performed in the target eNB before transmitting the DL PDCP PDUs to the UE. The PDCP duplication check in the target eNB is based on the PDCP Status Report sent by the UE together with, or directly after, the transmission of the RRCConnectionReconfigurationComplete message (Handover Complete) in the target cell. The PDCP Status Report may also be sent by the UE at the time when releasing the source connection in the UE.

Given the DL PDCP duplication check is done in the target eNB, we think that an early start of data forwarding is more reliable compared to a late start of data forwarding. The gain from a late start of data forwarding (less DL PDCP duplications forwarded from source eNB and buffered in the target eNB) is overshadowed by the X2 latency and the obvious risk of an interruption in the DL data flow to the UE.

Proposal 1: Support early data forwarding as baseline for eMBB.

If the above proposal is agreed, an LS should be sent to RAN2 to inform them about this assumption.

Proposal 2: Send LS to RAN2 to inform them about the assumption in Proposal 1.

2.2 Forwarding of SN and HFN

In a legacy handover, the source eNB sends the SN STATUS TRANSFER message to the target eNB to convey DL PDCP Sequence Number (SN) transmitter status and UL PDCP SN receiver status for each bearer for which PDCP preservation applies. The X2AP message is sent when transmitting the RRCConnectionReconfiguration message to the UE, i.e. at the time when the source node stops sending/receiving DL/UL data to/from the UE (the source node freezes the transmitter and receiver status).

When enhanced MBB is configured in the network and if early start of data forwarding is applied, data forwarding of DL data to the target eNB is started while the connection to the UE is still active in the source eNB, i.e. at the time when the source eNB continues to transmit DL data to the UE via the source connection.

Observation 5: When early start of data forwarding is applied, DL data is forwarded to the target eNB while the source eNB is still transmitting data to the UE.

Obviously, since the purpose with early start of data forwarding is to provide the target eNB with DL data before the UE is ready to receive DL data in the target cell, the PDCP SN and HFN transmitter status cannot be transferred to the target eNB at the time when the source eNB stops transmitting DL data to the UE. Instead the PDCP SN and HFN transmitter status need to be sent to the target eNB at the time when data forwarding is started.

Observation 6: When early start of data forwarding is applied, PDCP SN and HFN transmitter status need to be sent to the target eNB before DL data transmission is started in the target cell.

A simple way for the source eNB to apply data forwarding is to forward all DL PDCP SDUs received from the Serving Gateway (SGW) in sequence to the target eNB, i.e. the source eNB does not apply any form of selective data forwarding. The benefit of this method is that the source eNB only need to indicate the PDCP SN of the first forwarded DL PDCP SDU since the SNs of the subsequent SDUs will be implicitly known by the target eNB.

The PDCP SN of the first SDU could be carried in the "PDCP PDU number" field of the GTP-U extension header (as in a legacy handover), but since also the reference HFN is needed in the target eNB (for the COUNT preservation), another solution (one not excluding the other) is to make use of the SN STATUS TRANSFER message.

However, since sending the SN STATUS TRANSFER message while data transmission to the UE is still active in the source eNB is clearly a deviation compared to legacy behavior at handover, the potential adaption of the SN STATUS TRANSFER message is needed.

Proposal 3: Enhance the SN STATUS TRANSFER message to transfer DL PDCP SN and HFN transmitter status to the target eNB when enhanced MBB is configured.

Forwarding of DL PDCP SDUs to the target eNB will continue until the “end marker” packet is received from the SGW on the old path as a result of the DL path switch request triggered by the target eNB. As in legacy, another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source eNB.

Proposal 4: As in a legacy handover, DL data forwarding proceeds until the “end marker” packet is received from the SGW on the old path. Another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source eNB.
Also, as UL and DL may not be switched to the target eNB at the same time, it may be beneficial to separate the DL part of the SN STATUS TRANSFER from the UL part.
Proposal 5: Separate the DL part of the SN STATUS TRANSFER from the UL part
2.3 How to release the source link

At normal handover, the source link is implicitly released once Handover Execution is triggered, i.e. at transmission/reception of Handover Command, the source side radio link and respective radio resources can be assumed to be freed and available for other purposes and in addition, there is no explicit signalling to release the source side link (apart from the Handover Execution trigger). For rel-14 MBB, the source side link is currently assumed to be implicitly released once it is no longer used, i.e. in DL, once the network decides to no longer use it and in UL, once the UE decides to no longer use it. Although eMBB may look similar to Dual Connectivity schemes, where the master or the secondary cell group may be used simultaneously (split bearer), and removal of one cell group needs explicit signalling,rel-14 MBB seems to not use such.

There were discussions in RAN2 about an explicit RRC message from the target side, but this is probably the wrong approach, as the decision point to cease DL transmission is the source node, not the target node. If the choice to use RRC signalling from the target node is about reliability, such reliability should be based on a reliable indication from the source side, which takes time to arrive at the target. If we assume that the source link is still able allow e.g. the source node to empty its RLC buffers, an in-band PDCP end-marker packet should be possible to be sent as an explicit indication that the source link not used for DL any more. Reception of this end-marker would aid UE implementations, scenarios where it was lost are well recoverable.
Also, if this PDCP end-marker does not arrive at the UE, the link will be soon out-of-sync.

Observation 7: Although the UE is allowed to continue transmitting/receiving on the source cell, there does not exist any means to release the source link explicitly, i.e. as of today for normal HO, the source link would need to be released implicitly, e.g. after expiry of a timer or after getting out-of-sync

Proposal 6: Consider an in-band indication like a DL PDCP end-marker and inform RAN2 of this decision.
2.4 Data forwarding of UL data

With the enhanced MBB solution, the UE continues to send UL PDCP PDUs to the source eNB after receiving the RRCConnectionReconfiguration message (Handover Command), and until it has completed the handover to the target eNB.

In the source eNB, there are two alternative solutions how to handle the UL PDCP PDUs:

· The source eNB continues to send UL PDCP SDUs to the Serving Gateway (SGW) on the old S1-U path until the “end marker” packet is received from the SGW (as a result of the DL path switch request triggered by the target eNB), or;

· the source eNB starts forwarding UL PDCP SDUs to the target eNB for further transmission to the SGW on the new S1-U path.

If the UL packets are sent directly to the SGW on the old S1-U path (as before the Handover Command is sent), the packet delivery time to the SGW will be the same as before the handover was triggered. On the other hand, when the UE has stopped its UL transmission in the source cell, an SN STATUS TRANSFER message need to be sent to the target eNB to transfer the UL PDCP SN and HFN receiver status. This information must be received in the target eNB before the UL packets can be processed and sent to the SGW on the new S1-U path.

Furthermore, if the source eNB has undelivered UL PDCP SDUs (e.g. PDCP SDUs received out of sequence which have not been sent to the SGW on the old S1-U path), the source eNB need to forward these SDUs to the target eNB for in-sequence delivery on the new S1-U path. If not forwarded, the UE may be requested to re-send these packets when accessing the target cell.

Observation 8: If the source eNB after sending Handover Command to the UE, continues to send UL PDCP SDUs to the SGW on the old S1-U path, UL PDCP SN and HFN receiver status need to be transferred to the target eNB once the UE stops transmitting to the source eNB.

Observation 9: The target eNB need to receive UL PDCP SN and HFN receiver status from the source eNB before it can process and thus send the UL packets to the SGW on the new S1-U path.

If, according to the second alternative above, each UL PDCP SDU is forwarded to the target eNB for further transmission to the SGW on the new S1-U path, the UL PDCP SN and HFN receiver status can be included in the same SN STATUS TRANSFER message carrying the DL PDCP SN and HFN transmitter status when early data forwarding is applied (see previous section).

Observation 10: If the source eNB after sending Handover Command to the UE, starts forwarding UL PDCP SDUs to the target eNB for further transmission to the SGW on the new S1-U path, UL and DL SN and HFN status can be included in the same SN STATUS TRANSFER message if early data forwarding (of DL data) is applied.

However, one obvious drawback with this solution is that it adds X2 latency to each single packet forwarded to the target eNB. On the other hand, the early transfer of UL PDCP SN and HFN receiver status admits the target eNB to process the UL PDCP PDUs immediately when the UE starts transmitting in the target cell.

Observation 11: On the other hand, early data forwarding of UL PDCP SDUs adds X2 latency to each single packet forwarded to the target eNB.

From a latency perspective, sending the UL PDCP SDUs directly to the SGW on the old S1-U path (as before the Handover Command is sent) seems more attractive. However, at some point the source eNB need to transfer UL PDCP SN and HFN receiver status to the target eNB which may cause a short interruption in the UL PDCP processing in the target eNB if the information from the source eNB does not arrive in time.

As there are obviously pros and cons with both alternatives, we think that data forwarding of UL data needs further study.

Proposal 7: Data forwarding of UL data needs further study
3
Conclusion

In this contribution the Enhanced Make-Before-Break solution (also known as non-split bearer solution) has been described, and the following observations and proposals have been discussed for the data forwarding part:

Observation 1: To achieve seamless handover, the network needs to provide the UE with a continuous DL data flow throughout the handover execution phase.
Observation 2: Ideally, the UE starts receiving DL data from the target eNB immediately after completing the handover.

Observation 3: A late start of data forwarding implies less DL PDCP duplications sent to the target eNB. On the other hand, a late start of data forwarding need to take the X2 transmission latency into account.

Observation 4: With an early start of data forwarding the target eNB can always start DL transmission immediately when the UE has completed the handover to the target cell.

Proposal 1: Support early data forwarding as baseline for eMBB.

Proposal 2: Send LS to RAN2 to inform them about the assumption in Proposal 1.

Observation 5: When early start of data forwarding is applied, DL data is forwarded to the target eNB while the source eNB is still transmitting data to the UE.

Observation 6: When early start of data forwarding is applied, PDCP SN and HFN transmitter status need to be sent to the target eNB before DL data transmission is started in the target cell.

Proposal 3: Enhance the SN STATUS TRANSFER message to transfer DL PDCP SN and HFN transmitter status to the target eNB when enhanced MBB is configured.

Proposal 4: As in a legacy handover, DL data forwarding proceeds until the “end marker” packet is received from the SGW on the old path. Another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source eNB.
Proposal 5: Separate the DL part of the SN STATUS TRANSFER from the UL part

Observation 7: Although the UE is allowed to continue transmitting/receiving on the source cell, there does not exist any means to release the source link explicitly, i.e. as of today for normal HO, the source link would need to be released implicitly, e.g. after expiry of a timer or after getting out-of-sync

Proposal 6: Consider an in-band indication like a DL PDCP end-marker and inform RAN2 of this decision.
Observation 8: If the source eNB after sending Handover Command to the UE, continues to send UL PDCP SDUs to the SGW on the old S1-U path, UL PDCP SN and HFN receiver status need to be transferred to the target eNB once the UE stops transmitting to the source eNB.

Observation 9: The target eNB need to receive UL PDCP SN and HFN receiver status from the source eNB before it can process and thus send the UL packets to the SGW on the new S1-U path.

Observation 10: If the source eNB after sending Handover Command to the UE, starts forwarding UL PDCP SDUs to the target eNB for further transmission to the SGW on the new S1-U path, UL and DL SN and HFN status can be included in the same SN STATUS TRANSFER message if early data forwarding (of DL data) is applied.

Observation 11: On the other hand, early data forwarding of UL PDCP SDUs adds X2 latency to each single packet forwarded to the target eNB.

Proposal 7: Data forwarding of UL data needs further study
As a result, the following proposal is made:

Proposal 7: Agree the TP for TS 36.300 in annex, together with the submitted TP for 36.423
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<<<<<<<<<<<<<<<<<<<< 1st Change >>>>>>>>>>>>>>>>>>>>
3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

Access Control: the process that checks whether a UE is allowed to access and to be granted services in a closed cell.

Aerial UE communication: functionality enabling Aerial UE function as defined in 23.17.
Anchor carrier: in NB-IoT, a carrier where the UE assumes that NPSS/NSSS/NPBCH/SIB-NB for FDD or NPSS/NSSS/NPBCH for TDD are transmitted.
Carrier frequency: center frequency of the cell.

Cell: combination of downlink and optionally uplink resources. The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink resources is indicated in the system information transmitted on the downlink resources.

Cell Group: in dual connectivity, a group of serving cells associated with either the MeNB or the SeNB.
Control plane CIoT EPS optimization: Enables support of efficient transport of user data (IP, non-IP or SMS) over control plane via the MME without triggering data radio bearer establishment, as defined in TS 24.301 [20]. In the context of this specification, a NB-IoT UE that only supports Control plane CIoT EPS optimization is a UE that does not support User plane CIoT EPS optimization and S1-U data transfer but may support other CIoT EPS optimizations.

CSG Cell: a cell broadcasting a CSG indicator set to true and a specific CSG identity.

CSG ID Validation: the process that checks whether the CSG ID received via handover messages is the same as the one broadcast by the target E-UTRAN.

CSG member cell: a cell broadcasting the identity of the selected PLMN, registered PLMN or equivalent PLMN and for which the CSG whitelist of the UE includes an entry comprising cell's CSG ID and the respective PLMN identity.

DCN-ID: DCN identity identifies a specific dedicated core network (DCN).

Dual Connectivity: mode of operation of a UE in RRC_CONNECTED, configured with a Master Cell Group and a Secondary Cell Group.
Early Data Forwarding: data forwarding that is initiated before the UE executes the handover.
En-gNB: as defined in TS 37.340 [76].

E-RAB: an E-RAB uniquely identifies the concatenation of an S1 Bearer and the corresponding Data Radio Bearer. When an E-RAB exists, there is a one-to-one mapping between this E-RAB and an EPS bearer of the Non Access Stratum as defined in [17].

Frequency layer: set of cells with the same carrier frequency.

FeMBMS: further enhanced multimedia broadcast multicast service.

Handover: procedure that changes the serving cell of a UE in RRC_CONNECTED.

Hybrid cell: a cell broadcasting a CSG indicator set to false and a specific CSG identity. This cell is accessible as a CSG cell by UEs which are members of the CSG and as a normal cell by all other UEs.
Late Data Forwarding: data forwarding that is initiated after the source eNB knows that the UE has successfully accessed a target eNB.
Local Home Network: as defined in TS 23.401 [17].

LTE bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in the eNB only to use eNB radio resources only.

LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in both the eNB and the WLAN to use both eNB and WLAN resources.

LWAAP PDU: in LTE-WLAN Aggregation, a PDU with DRB ID generated by LWAAP entity for transmission over WLAN.

Make-Before-Break HO/SeNB change: maintaining source eNB/SeNB connection after reception of RRC message for handover or change of SeNB before the initial uplink transmission to the target eNB during handover or change of SeNB.

Master Cell Group: in dual connectivity, a group of serving cells associated with the MeNB, comprising of the PCell and optionally one or more SCells.

Master eNB: in dual connectivity, the eNB which terminates at least S1-MME.

MBMS-dedicated cell: cell dedicated to MBMS transmission.

MBMS/Unicast-mixed cell: cell supporting both unicast and MBMS transmissions.

FeMBMS/Unicast-mixed cell: cell supporting MBMS transmission and unicast transmission as SCell.

MCG bearer: in dual connectivity, a bearer whose radio protocols are only located in the MeNB to use MeNB resources only.

Membership Verification: the process that checks whether a UE is a member or non-member of a hybrid cell.

Multi-Connectivity: Mode of operation whereby a multiple Rx/Tx UE in the connected mode is configured to utilise radio resources amongst E-UTRA and/or NR provided by multiple distinct schedulers connected via non-ideal backhaul.

NB-IoT: NB-IoT allows access to network services via E-UTRA with a channel bandwidth limited to 200 kHz.
NB-IoT UE: a UE that uses NB-IoT.

Non-anchor carrier: in NB-IoT, a carrier where the UE does not assume that NPSS/NSSS/NPBCH/SIB-NB for FDD or NPSS/NSSS/NPBCH for TDD are transmitted.

NR: NR radio access
PLMN ID Check: the process that checks whether a PLMN ID is the RPLMN identity or an EPLMN identity of the UE.
Power saving mode: mode configured and controlled by NAS that allows the UE to reduce its power consumption, as defined in TS 24.301 [20], TS 23.401 [17], TS 23.682 [57].

Primary PUCCH group: a group of serving cells including PCell whose PUCCH signalling is associated with the PUCCH on PCell.
Primary Timing Advance Group: Timing Advance Group containing the PCell. In this specification, Primary Timing Advance Group refers also to Timing Advance Group containing the PSCell unless explicitly stated otherwise.

ProSe-enabled Public Safety UE: a UE that the HPLMN has configured to be authorized for Public Safety use, and which is ProSe-enabled and supports ProSe procedures and capabilities specific to Public Safety. The UE may, but need not, have a USIM with one of the special access classes {12, 13, 14}.

ProSe Per-Packet Priority: a scalar value associated with a protocol data unit that defines the priority handling to be applied for transmission of that protocol data unit.

ProSe UE-to-Network Relay: a UE that provides functionality to support connectivity to the network for Remote UE(s).

ProSe UE-to-Network Relay Selection: Process of identifying a potential ProSe UE-to Network Relay, which can be used for connectivity services (e.g. to communicate with a PDN).

ProSe UE-to-Network Relay Reselection: process of changing previously selected ProSe UE-to-Network Relay and identifying potential a new ProSe UE-to-Network Relay, which can be be used for connectivity services (e.g. to communicate with PDN).

Public Safety ProSe Carrier: carrier frequency for public safety sidelink communication and public safety sidelink discovery.

PUCCH group: either primary PUCCH group or a secondary PUCCH group.
PUCCH SCell: a Secondary Cell configured with PUCCH.

RACH-less HO/SeNB change: skipping random access procedure during handover or change of SeNB.

Receive Only Mode: See TS 23.246 [48].
Remote UE: a ProSe-enabled Public Safety UE, that communicates with a PDN via a ProSe UE-to-Network Relay.

SCG bearer: in dual connectivity, a bearer whose radio protocols are only located in the SeNB to use SeNB resources.

Secondary Cell Group: in dual connectivity, a group of serving cells associated with the SeNB, comprising of PSCell and optionally one or more SCells.

Secondary eNB: in dual connectivity, the eNB that is providing additional radio resources for the UE but is not the Master eNB.

Secondary PUCCH group: a group of SCells whose PUCCH signalling is associated with the PUCCH on the PUCCH SCell.

Secondary Timing Advance Group: Timing Advance Group containing neither the PCell nor PSCell.

Short Processing Time: For 1 ms TTI length, the operation with short processing time in UL data transmission and DL data reception.

Short TTI: TTI length based on a slot or a subslot.
Sidelink: UE to UE interface for sidelink communication, V2X sidelink communication and sidelink discovery. The Sidelink corresponds to the PC5 interface as defined in TS 23.303 [62].

Sidelink Control period: period over which resources are allocated in a cell for sidelink control information and sidelink data transmissions. The Sidelink Control period corresponds to the PSCCH period as defined in TS 36.213 [6].

Sidelink communication: AS functionality enabling ProSe Direct Communication as defined in TS 23.303 [62], between two or more nearby UEs, using E-UTRA technology but not traversing any network node. In this version, the terminology "sidelink communication" without "V2X" prefix only concerns PS unless specifically stated otherwise.
Sidelink discovery: AS functionality enabling ProSe Direct Discovery as defined in TS 23.303 [62], using E-UTRA technology but not traversing any network node.

Split bearer: in dual connectivity, a bearer whose radio protocols are located in both the MeNB and the SeNB to use both MeNB and SeNB resources.

Split LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in both the eNB and the WLAN to use both eNB and WLAN radio resources.

Switched LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in both the eNB and the WLAN but uses WLAN radio resources only.

Timing Advance Group: a group of serving cells that is configured by RRC and that, for the cells with an UL configured, use the same timing reference cell and the same Timing Advance value.

User plane CIoT EPS optimization: Enables support for change from EMM-IDLE mode to EMM-CONNECTED mode without the need for using the Service Request procedure, as defined in TS 24.301 [20].

V2X sidelink communication: AS functionality enabling V2X Communication as defined in TS 23.285 [72], between nearby UEs, using E-UTRA technology but not traversing any network node.

WLAN Termination: the logical node that terminates the Xw interface on the WLAN side.

<<<<<<<<<<<<<<<<<<<< End of 1st Change >>>>>>>>>>>>>>>>>>>>
-- TEXT OMITTED –

<<<<<<<<<<<<<<<<<<<< 2nd Change >>>>>>>>>>>>>>>>>>>>
10.1.2.1.2
U-plane handling

The U-plane handling during the Intra-E-UTRAN-Access mobility activity for UEs in ECM-CONNECTED takes the following principles into account to avoid data loss during HO:

-
During HO preparation U-plane tunnels can be established between the source eNB and the target eNB. There is one tunnel established for uplink data forwarding and another one for downlink data forwarding for each E-RAB for which data forwarding is applied. In the case of a UE under an RN performing handover, forwarding tunnels can be established between the RN and the target eNB via the DeNB.

-
During HO execution, user data can be forwarded from the source eNB to the target eNB. The forwarding may take place in a service and deployment dependent and implementation specific way.

-
Forwarding of downlink user data from the source to the target eNB should take place in order as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied.
-
In case of enhanced make-before-break handover, the source eNB may duplicate user data and send it to the UE in the source cell while forwarding it to the target eNB. An in-band indication is sent with the last DL packet send to the UE by the source cell. FFS how to define this indication (e.g. PDCP end-marker)
-
During HO completion:

-
The target eNB sends a PATH SWITCH message to MME to inform that the UE has gained access and MME sends a MODIFY BEARER REQUEST message to the Serving Gateway, the U-plane path is switched by the Serving Gateway from the source eNB to the target eNB.

-
The source eNB should continue forwarding of U-plane data as long as packets are received at the source eNB from the Serving Gateway or the source eNB buffer has not been emptied.

For RLC-AM bearers:

-
During normal HO not involving Full Configuration:

-
For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a bearer basis and the source eNB informs the target eNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet (either from source eNB or from the Serving Gateway).

-
For security synchronisation, HFN is also maintained and the source eNB provides to the target one reference HFN for the UL and one for the DL i.e. HFN and corresponding SN.

-
In both the UE and the target eNB, a window-based mechanism is needed for duplication detection.

-
The occurrence of duplicates over the air interface in the target eNB is minimised by means of PDCP SN based reporting at the target eNB by the UE. In uplink, the reporting is optionally configured on a bearer basis by the eNB and the UE should first start by transmitting those reports when granted resources in the target eNB. In downlink, the eNB is free to decide when and for which bearers a report is sent and the UE does not wait for the report to resume uplink transmission.

-
The target eNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source eNB (i.e. the target eNB should send data with PDCP SNs from X2 before sending data from S1), with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE.

-
The UE re-transmits in the target eNB all uplink PDCP SDUs starting from the first PDCP SDU following the last consecutively confirmed PDCP SDU i.e. the oldest PDCP SDU that has not been acknowledged at RLC in the source, excluding the PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the target.

-
During HO involving Full Configuration:

-
The following description below for RLC-UM bearers also applies for RLC-AM bearers. Data loss may happen.

For RLC-UM bearers:

-
The PDCP SN and HFN are reset in the target eNB.

-
No PDCP SDUs are retransmitted in the target eNB.

-
The target eNB prioritizes all downlink PDCP SDUs forwarded by the source eNB if any (i.e. the target eNB should send data with PDCP SNs from X2 before sending data from S1).

-
The UE PDCP entity does not attempt to retransmit any PDCP SDU in the target cell for which transmission had been completed in the source cell. Instead UE PDCP entity starts the transmission with other PDCP SDUs.

10.1.2.2
Path Switch

10.1.2.2.1
Path Switch upon handover

After the downlink path is switched at the Serving GW downlink packets on the forwarding path and on the new direct path may arrive interchanged at the target eNB. The target eNodeB should first deliver all forwarded packets to the UE before delivering any of the packets received on the new direct path. The method employed in the target eNB to enforce the correct delivery order of packets is outside the scope of the standard.

In order to assist the reordering function in the target eNB, the Serving GW shall send one or more "end marker" packets on the old path immediately after switching the path for each E-RAB of the UE. The "end marker" packet shall not contain user data. The "end marker" is indicated in the GTP header. After completing the sending of the tagged packets the GW shall not send any further user data packets via the old path.

Upon receiving the "end marker" packets, the source eNB shall, if forwarding is activated for that bearer, forward the packet toward the target eNB.

On detection of an "end marker" the target eNB shall discard the end marker packet and initiate any necessary processing to maintain in sequence delivery of user data forwarded over X2 interface and user data received from the serving GW over S1 as a result of the path switch.

On detection of the "end marker", the target eNB may also initiate the release of the data forwarding resource. However, the release of the data forwarding resource is implementation dependent and could also be based on other mechanisms (e.g. timer-based mechanism).

EPC may change the uplink end-point of the tunnels with Path Switch procedure. However, the EPC should keep the old GTP tunnel end-point(s) sufficiently long time in order to minimise the probability of packet losses and avoid unintentional release of respective E-RAB(s).

10.1.2.2.2
Path Update upon Dual Connectivity specific activities

Upon DC specific activities which involve the transfer of bearer contexts from one eNB to another, if one of the eNBs involved in DC provides radio resources to the UE for one or several E-RABs configured with the SCG bearer option, the update of the downlink path towards the EPC for the relevant E-RABs needs to be communicated by the MeNB to the MME. The functions specified for the path switch for handover as specified in clause 10.1.2.2.1 are applicable for the path update for DC with SCG bearer option as well except that:

-
The role of involved eNBs are different: in DC, the "source eNB" as specified for handover, is the eNB from which the bearer context is transferred and the "target eNB" is the eNB to which the bearer context is transferred.

-
The EPC does not change the uplink end-point of the tunnels with the Path Update procedure in a way that this would change the Serving GW.

10.1.2.2.3
Path Switch upon UE context resume

Upon resumption of a UE context in an eNB different from the one where the UE context was suspended, the Path Switch procedure is used to request the MME to resume the UE context and related bearer contexts in the EPC and update the downlink path.

10.1.2.3
Data forwarding

10.1.2.3.1
For RLC-AM DRBs

Upon handover, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data arriving over S1 to the target eNB.

NOTE:
The target eNB does not have to wait for the completion of forwarding from the source eNB before it begins transmitting packets to the UE.

The source eNB discards any remaining downlink RLC PDUs. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB.

NOTE:
The source eNB does not need to abort ongoing RLC transmissions with the UE as it starts data forwarding to the target eNB.

Upon handover, the source eNB forwards to the Serving Gateway the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target eNB. Then at that point of time the source eNB stops delivering uplink PDCP SDUs to the S-GW and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.

Then the source eNB shall either:

-
discard the uplink PDCP SDUs received out of sequence if the source eNB has not accepted the request from the target eNB for uplink forwarding or if the target eNB has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
forward to the target eNB the uplink PDCP SDUs received out of sequence if the source eNB has accepted the request from the target eNB for uplink forwarding for the bearer during the Handover Preparation procedure.

The PDCP SN of forwarded SDUs is carried in the "PDCP PDU number" field of the GTP-U extension header. The target eNB shall use the PDCP SN if it is available in the forwarded GTP-U packet.

For normal HO in-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the "in-order delivery and duplicate elimination" function at the PDCP layer:

-
in the downlink, the "in-order delivery and duplicate elimination" function at the UE PDCP layer guarantees in-sequence delivery of downlink PDCP SDUs;

-
in the uplink, the "in-order delivery and duplicate elimination" function at the target eNB PDCP layer guarantees in-sequence delivery of uplink PDCP SDUs.

After a normal handover, when the UE receives a PDCP SDU from the target eNB, it can deliver it to higher layer together with all PDCP SDUs with lower SNs regardless of possible gaps.

For handovers involving Full Configuration, the source eNB behaviour is unchanged from the description above. The target eNB may not send PDCP SDUs for which delivery was attempted by the source eNB. The target eNB identifies these by the presence of the PDCP SN in the forwarded GTP-U packet and discards them.

After a Full Configuration handover, the UE delivers received PDCP SDU from the source cell to the higher layer regardless of possible gaps. UE discards uplink PDCP SDUs for which transmission was attempted and retransmission of these over the target cell is not possible.

10.1.2.3.2
For RLC-UM DRBs

Upon handover, the source eNB does not forward to the target eNB downlink PDCP SDUs for which transmission had been completed in the source cell. PDCP SDUs that have not been transmitted may be forwarded. In addition, the source eNB may forward fresh downlink data arriving over S1 to the target eNB. The source eNB discards any remaining downlink RLC PDUs. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB.

Upon handover, the source eNB forwards all uplink PDCP SDUs successfully received to the Serving Gateway (i.e. including the ones received out of sequence) and discards any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.

10.1.2.3.3
SRB handling

With respect to SRBs, the following principles apply at HO:

-
No forwarding or retransmissions of RRC messages in the target;

-
The PDCP SN and HFN are reset in the target.

10.1.2.3.4
User data forwarding for Dual Connectivity

Upon DC specific activities user data forwarding may be performed for E-RABs configured with the SCG bearer option　or with the split bearer option. The behaviour of the eNB from which data is forwarded is the same as specified for the "source eNB" for handover, the behaviour of the eNB to which data is forwarded is the same as specified for the "target eNB" for handover. If data forwarding for split bearer option is applied, the PDCP PDUs which are not acknowledged by the UE are forwarded from the SeNB to the MeNB in the course of procedures involving the release of the SCG part of the split bearer (e.g., SeNB Modification, SeNB Release, Change of SeNB).

<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
