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Introduction and Abstract
During handover it is necessary to transfer PDCP SDUs from source to target eNB. In the LS R2-072956  [1] RAN2 asks RAN3 to: 

1) specify a mechanism to inform 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 eNode B or from the GW.

2) specify a mechanism to inform from the source eNode B to the target eNode B about the received PDCP SDUs.

This TDoc proposes a mechanism for data forwarding including solutions for the questions from the RAN2 LS [1].

The proposal for lossless HO is to apply in-band signalling of PDCP‑SDU sequence numbers within the GTP-U header fields as discussed and proposed in accompanying contribution [2]. The proposals for DL and UL data forwarding are preceded by some design goals. The proposed mechanism ‘for informing the target eNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP’ introduces a new GTP-U extension header in order to have an ‘GTP-U end tag packet’. The mechanism is well suited to have similar behaviour regardless whether data forwarding occurs via X2 or S1 interface.

In case the QoS requirements for a bearer indicate that no means to avoid data loss are necessary, no U-Plane tunnel is established on X2 for data forwarding. In this case an additional new C-Plane Message from source to target eNB is proposed which informs the target eNB about the PDCP SN to allow the target side to continuously assign PDCP SNs.
2
Discussion
2.1
Principles

The following general principles should be considered
:

a. Lossless and in-sequence handover should be an option depending on the required bearer QoS.

b. PDCP SN reporting should only be used during handover (see also LS [1]).

c. The PDCP SN should be continuous during the handover (as required in the LS [1]).

d. Control information should be transported by C-Plane messages, i.e. messages which are needed for HO anyway, or by in-band messages in order to minimise additional signalling load.

e. GTP-U shall be compatible with existing GTP-U, i.e. no misuse of GTP-U header for new purposes.

f. Data forwarding should be as similar as possible for X2 (always direct forwarding) and S1 (both direct and indirect forwarding) based handover.
2.2
Lossless HO required
Depending on the QoS requirements some beares need a lossless HO.
2.2.1
Problems to solve for lossless HO 

The need to take measures against out of sequence delivery and packet duplication has already been discussed in some contributions and is therefore only briefly summarized here for DL and UL.

Basic problem: The confluence of packets received via X2 (data forwarding) with packets received via S1 (after path switching) may cause out of order or duplications:

Because GTP-U SN are not assumed, strict sequence cannot be guaranteed at S1. But out of order at S1 is expected to occure rarely (like for usual IP networks) but in general in a not-disturbing manner. In contrast, the confluence of X2 with S1 may cause out of order or duplications which may disturb QoS, if no counter measures are taken.
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Conclusions:

· The PDCP layers shall continue with sequence numbering.

· The PDCP layers shall keep sequence and avoid duplications using the sequence numbers.

2.2.2
Proposed data forwarding mechanism

The following bullets show the basics of how to forward user data at S1 or X2 HO:

1) User data is forwarded using GTP-U from source to target eNB (as already agreed).

2) In case of direct forwarding, one (unidirectional) tunnel from source to target eNB is used.

3) In case of indirect forwarding, one (unidirectional) tunnel starts from source eNB and one (unidirectional) tunnel ends at target eNB.
  Note: In this case, the forwarding tunnels are somehow connected by EPC, which is out of RAN3 scope. 

4) A PDCP-SDU becomes a T-PDU
. 

5) A PDCP-SDU’s sequence number is transported in one of the optional header fields that are attached to the T‑PDU [2], i.e. the G-PDU2 that is forwarding a T-PDU does also forward the sequence number assigned to the PDCP‑SDU. 
‘PDCP-PDU Number extension header’ or ‘N‑PDU Number’ are candidate fields to carry the PDCP‑SDU sequence number (depends on the decisions for the accompanying contribution [2]).

6) The utterly last forwarded UL/DL packet will be indicated by a subsequently received GTP-U end tag packet (explanation follows).
7) Forwarding of UL and DL user data is performed on the same unidirectional tunnel which is established between source and target eNB. This is accomplished by forwarding first UL data, then DL data. UL data are separated from DL data by the end tag for UL data. 

8) The end tags for UL and DL shall be different.
9) A ‘GTP-U end tag packet’ doesn’t transport user data, i.e. it contains no PDCP-SDU.

10) On X2 interface the ‘GTP-U end tag packets’ contain the PDCP-SDU SN that shall be used at the target side to continue with PDCP SN numbering when all data from the source side has been forwarded.
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11) If the target eNB expects any forwarded data, both UL and DL tags shall be transmitted:


[image: image4]  Example for UL/DL tunnel sharing with no UL data to be forwarded.

[image: image5]  Example for UL/DL tunnel sharing with no UL and no DL data to be forwarded.
12) The end tags shall be implemented by a new optional GTP extension header "End Of Stream":

	
	Bits

	Octets
	8
	7
	6
	5
	4
	3
	2
	1

	1
	1

	2
	Stream (0 for unspecified, 1 for UL, 2 for DL)

	3
	0xFF

	4
	Next Extension Header Type


Note that introducing the end tags fulfils RAN2’s action no. 1 from LS [1] to ‘specify a mechanism to inform 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 GW’. Furthermore it allows the target eNB to detect the last packet without a timeout and therefore leads to a systematic acceleration of the handover. 

2.2.2.1
Data forwarding and PDCP SN handling for DL traffic

[image: image6]

[image: image7]  The white GTP-U packets at S1 do not carry any special sequence number information. The numbers indicates the intended PDCP SN that will be assigned later by the eNB.


[image: image8]  The red GTP-U packet carries an end tag  (by new extension header acc. to 12) in 2.3) telling the source eNB that it is the last one from S-GW. This GTP-U end tag packet, inserted by the S-GW immediately before it performs ‘Path Switching’, contains no user data.

[image: image9]  The red GTP-U packet carries a tag telling the target eNB that it is the last one from source eNB. The source eNB must add the last sequence number that has been assignend by PDCP to forwarded DL data packets +1 to inform the target eNB about the SN to use for the first packet that arrives at the S1 interface.

[image: image10]  The yellow GTP-U packets carry PDCP SDUs together with their assigned PDCP sequence number. The PDCP sequence number will be transported by an optional GTP-U header field, e.g. by the "PDCP-PDU Number" extension header [acc. to 5.) in 2.3]. The yellow packets at the Uu interface are usual PDCP PDUs.

[image: image11]  The green GTP-U packet is the first one received at target eNB S1. The next subsequent PDCP sequence number to be used for this packet will be taken from the ‘GTP-U end tag packet’ for DL data.

Note that the target eNB must establish in-sequence for DL data packets received from X2 interface if ROHC is used because packets that were mixed up during transmission on X2 would disturb ROHC.
2.2.2.2
Data forwarding and PDCP SN handling for UL traffic

[image: image12]

[image: image13]  The white GTP-U packets at S1 do not carry any special sequence number information. The numbers are the formerly assigned PDCP sequence numbers in order to show what sequence of packets is arriving at the S-GW.

[image: image14]  The yellow GTP-U packets (at X2) or PDCP packets (at Uu) carry PDCP SDUs together with their assigned PDCP sequence number. At the X2 interface the PDCP sequence number will be transported by an optional GTP-U header field, e.g. by the "PDCP-PDU Number" extension header [acc. to 5.) in 2.3]. The yellow packets at the Uu interface are usual PDCP PDUs.


[image: image15]  The orange GTP-U packet carries an end tag (by new extension header acc. to 12) in 2.3) telling target eNB that the previous packet was the last forwarded packet from the source eNB containing UL data. This GTP-U end tag packet contains no PDCP-SDU, i.e. carries no user data, but the source eNB inserts the next PDCP SN it would have expected from the UE. The SN is carried by an optional GTP-U header field, e.g. by the "PDCP-PDU Number" extension header.

According to [1] it was decided to ‘have the possibility to send a PDCP SN report by the target eNB to the UE for uplink transmission’. Realizing this possibility would allow the UE sending only UL packets that were not successfully received by the eNB. Otherwise, duplicates will be discarded by the target eNB.
2.2.2.3
Indirect Data forwarding via S1 interface

When data forwarding to the target eNB must be done via the S1 interface then the T-PDUs and the optional header fields carrying the PDCP sequence number or/and the ‘end tag’ must be relayed through the EPC. Relaying T-PDUs and header fields is already a known mechanism in core networks.

2.2
Lossless HO not required

For bearers that not require a lossless HO no GTP-U tunnel will be available because U-Plane packets are not forwarded  to the target eNB.  Therefore a new additional C-Plane Message is necessary to transfer the information about the sequence number that has to be used at the target side to guarantee continuous PDCP sequence numbering.


[image: image16]
The new C-Plane Message e.g. “HO Status Update” is sent from source to target eNB when the source eNB became aware of the fact that the UE is about to gain access to the target cell and stops to process further UP data on Uu. The PDCP SNs to be sent in the HO Status Update message are the next to be assigned based on the last DL and  UL packet correctly received at the source eNB (i.e. last received SNs incremented by one.)
It could be discussed whether this message helps to recover from certain error situations in case lossless HO is applied, e.g. when the “GTP-U End Tag Packet” got lost on S1 or X2 interface.
3
Proposal

It is proposed to discuss the mechanisms in section 2. It is also proposed to capture it in the relevant TR and stage 2 TS (see draft changes in the Annex). If RAN3 agrees, stage 3 works shall take into account the proposed data forwarding mechanism.

As the S-GW is involved

· for sending a last tagged GTP-U packet to the source eNB immediately before path switching is done at the S‑GW and

· for data forwarding to the target eNB via S1 interface

SA2 and CT4 should be contacted and requested to comment on the proposal.
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Annex: Draft changes for TS 36.300 (version 8.1.0)

Note:
the changes outlined in R2-072705, as agreed at RAN2#58bis, are included as well.

10.1.2
Mobility Management in LTE_ACTIVE

The Intra-E-UTRAN-Access Mobility Support for UEs in LTE_ACTIVE handles all necessary steps for relocation/handover procedures, like processes that precedes the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific area restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.
In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers are performed and various DRX/DTX cycles are supported:

The UE makes measurements of attributes of the serving and neighbour cells to enable the process:

-
There is no need to indicate neighbouring cell to enable the UE to search and measure a cell i.e. E-UTRAN relies on the UE to detect the neighbouring cells;

-
It is FFS if there is a need to indicate specific intra-frequency neighbouring cells to speed up their detection;

-
For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated (other information FFS).

-
Network signals reporting criteria for event-triggered and periodical reporting.

-
It should be possible to use measurement related parameters for specific intra-frequency neighbouring cells. The BCH of the neighbouring cell may include parameters that are often cell specific e.g. an offset (FFS). The neighbouring cell information provided by the serving cell includes parameters that are rarely cell specific or for which there is a need to indicate values for a specific serving- neighbouring cell pair. The parameter(s) is(are) common to CONNECTED and IDLE mode mobility. Consequently, the UE in RRC_CONNECTED may need to read the BCH of detected intra-frequency neighbouring cells (FFS).

10.1.2.1
Handover

The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO, with HO preparation signalling in E-UTRAN.

-
Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;

-
The QoS profiles in use by the UE (SAE bearer attributes) are sent to the target eNB by the source eNB, and it is FFS if also the currently used AS configuration is sent (intra-MME case);

-
Both the source ENB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;

-
UE accesses the target cell by a contention-free procedure using dedicated resources or via contention-based RACH if dedicated resources are not available (the use of dedicated resources for accessing the target cell in a contention-free manner is FFS).

10.1.2.1.1
C-plane handling

The HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB. The figure below depicts the basic handover scenario where neither MME nor Serving Gateway changes:
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Figure 10.1.2.1: Intra-MME/Serving Gateway HO

Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:

0
The UE context within the source eNB contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update.

1
The source eNB configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

2
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

3
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE.

4
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, RRC context, SAE bearer context). UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The SAE bearer context includes necessary RNL and TNL addressing information.  QoS profiles of the SAE bearers and possibly the AS configurations of these bearers are FFS.

5
Admission Control may be performed by the target eNB dependent on the received SAE bearer QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received SAE bearer QoS information and reserves a C-RNTI.
6
Target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as part of the Handover Command. The container may include new C-RNTI, possibly some other parameters i.e. access parameters, SIBs, etc. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.

Steps 7 to 15 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7
The source eNB generates the HANDOVER COMMAND (RRC message) towards the UE. The HANDOVER COMMAND includes the transparent container, which has been received from the target eNB. The source eNodeB performs the necessary integrity protection and ciphering of the message. The UE receives the HANDOVER COMMAND with necessary parameters (i.e. new C-RNTI, possible starting time, target eNB SIBs etc) and is commanded by the source eNB to perform the HO. It is probable that UE needs to acknowledge reception of the HANDOVER COMMAND with RLC acknowledgment procedure.

7a
If case the target eNB decides not to establish a forwarding tunnel for a certain SAE Bearer on X2 no means are provided to avoid loss of data during HO, and hence the source eNB has to inform the target eNB within the HO STATUS UPDATE message about the next to be assigned DL and UL PDCP SNs based on the last correctly received DL and UL PDCP SDU.

8
After expiry of starting time in HANDOVER COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

9
Network responds with UL allocation and timing advance. 

10
When the UE has successfully accessed the target cell, the UE sends the HANDOVER CONFIRM message (C-RNTI) to the target eNB to indicate that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the HANDOVER CONFIRM message. The target eNB can now begin sending data to the UE. Based on further optimizations, the downlink data transmission can begin as early as after step 8 (FFS).

11
The target eNB sends a HANDOVER COMPLETE message to MME to inform that the UE has changed cell.
12
The MME sends a USER PLANE UPDATE REQUEST message to the Serving Gateway.

13
The Serving Gateway switches the downlink data path to the target side and can release any U-plane/TNL resources towards the source eNB.
14
Serving Gateway sends a USER PLANE UPDATE RESPONSE message to MME.

15
The MME confirms the HANDOVER COMPLETE message with the HANDOVER COMPLETE ACK message.

16
By sending RELEASE RESOURCE the target eNB informs success of HO to source eNB and triggers the release of resources. The timing for the target eNB to send this message between steps 10 and 15 is FFS.

17
Upon reception of the RELEASE RESOURCE message, the source eNB can release radio and C-plane related resources associated to the UE context. 

NOTE:
Details on updating of roaming/area restriction information within E-UTRAN in the course of the HO procedure are FFS

10.1.2.1.2
U-plane handling 
The U-plane handling during the Intra-E-UTRAN-Access mobility activity for UEs in LTE_ACTIVE takes the following principles into account to avoid data loss during HO:

-
During HO preparation a U-plane tunnel may be established between the source eNB and the target eNB, based on QoS requirements.

-
During HO execution, user data shall be forwarded from the source eNB to the target eNB, if available, for those SAE bearers for which the target eNB has established a U-plane tunnel on X2. .

-
Forwarding of user data from the source to the target eNB should take place as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied (further details are specified below under “data forwarding”).
-
During HO completion:

-
The target eNB sends a HANDOVER COMPLETE message to MME to inform that the UE has gained access and MME sends a USER PLANE UPDATE 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 (further details are specified below under “data fowarding”)).


10.1.2.2
Path Switch

10.1.2.3
Data forwarding
Upon handover, the source eNB forwards all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink PDCP SDUs forwarded by the source eNB. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. When the Serving Gateway has received the path switch command from the MME, it sends an GTP-U end-tag packet to the source eNB to indicate that no more downlink user plane data are expected from the source side S1-U link. This GTP_U end-tag packet is forwarded by the source eNB to the target eNB via X2 and provides the next to be assigned downlink PDCP SN.
Upon handover, the source eNB forwards uplink PDCP SDUs successfully received in-sequence to the Serving Gateway, forwards uplink PDCP SDUs received out-of-sequence with their SN to the target eNB and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink PDCP SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB. The source eNB forwards uplink PDCP SDUs via the same forwarding tunnel used for forwarding downlink PDCP and GTP-U SDUs and provides an GTP-U end-tag packet to the target eNB to indicate that no more uplink user data are expected from the source eNB. The source eNB shall provide the next to be assigned uplink PDCP SN.
In-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the re-ordering function at the PDCP layer, which can be activated at least during inter-eNB mobility:

-
in the downlink, the re-ordering function at the UE PDCP layer guarantees in-sequence delivery of downlink PDCP SDUs; 
Note:
If ROHC is applied, the target eNB must re-order DL packets received on the X2 interface.
-
in the uplink, the re-ordering function at the target eNB PDCP layer guarantees in-sequence delivery of uplink PDCP SDUs.
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Tagging by S-GW !





Adding ‚DL-SN to proceed’ by source eNB
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Situation after ‘Handover Confirm’ and just immediately before ‘Path Switching’





Situation after ‘Path Switching’
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The new C-Plane Message e.g. “HO Status Update”  from source to target eNodeB 
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Example for UL/DL tunnel sharing by end tags. The numbers within the yellow packets indicate the accompanied PDCP�SDU sequence number of the transported PDCP-SDU.�The red and orange shading indicate ‘GTP-U end tag packets’. These packets transport an ‘end tag’, but don’t transport a PDCP-SDU. Different tags are used for DL (red shading) and UL (orange shading). The PDCP SN that is transported by this ‘GTP-U end tag packets’ is the SN to continue with for new data packets at the target side. 
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eNB shall keep sequence according to PDCP SN:


Just after UE attached at target eNB, there may be out-of-order packets in source eNB. These packets shall be forwarded to target eNB (and there confluence with the missing preceding packets).





eNB shall maintain PDCP SN:


Just after S1 path switch, there may still be packets on the way across X2. These packets confluence at the target eNB with S1 packets.
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New C-Plane Message “HO Status Update”
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� These are identical to that in the accompanying contribution � REF _Ref172516078 \r \h ��[2]�, but repeated for convenience here.


� T-PDU: original packet, for example an IP datagram from an S-GW or a network node in an external packet data network.�A T-PDU is the payload that is tunnelled in the GTP-U tunnel. Adding the GTP-U header makes the T-PDU to become a user data message (G�PDU). A G�PDU consists of a T�PDU plus a GTP header � REF _Ref172360687 \r \h ��[3]�.
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