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Introduction
During RAN2#59bis, the re-ordering of downlink PDCP SDU at eNB handover was discussed but not totally concluded. This contribution continues on the subject for a UE and target eNB perspective. 

In particular, we are making the following two proposals:

· The target-eNB should prioritise data from X2 before sending data from S1.

· When the UE receives a PDCP SDU from the target eNB, it shall forward to higher layers all PDCP SDUs with lower SNs including the just received PDCP SDU even though there were gaps.

In addition, we are proposing to make a small clarification in the Stage 2 for the source eNB behaviour for RLC-AM bearers. 

Downlink delivery at handover

Location of the DL re-ordering function

RAN2 has to decide which entity performs the re-ordering of PDCP DL SDU during eNB handover.
For RB for which selective re-transmissions is performed, a PDCP re-ordering function is needed in the UE.

What is still open is whether the ordering between packets forwarded by the source eNB to the target eNB via X2 and packets directly arrived via S1 is performed by the target eNB or by the UE using an extension of the re-ordering function needed for selective re-transmission.

In order to be able to correctly number the packets arrived over S1, the target eNB needs to wait for the last forwarded packets over X2, therefore we see no gain in allowing the taget eNB to send packet received via S1 before packets forwarded via X2.

Proposal 1: The target eNB should prioritise packets arrived by X2 over packets arrived over S1.
UE PDCP Behaviour

In order to facilitate the discussion, we state below our position based on the proposals made in [1].

As proposed in [2], assuming that the target eNB prioritise X2 over S1, when the UE would receive a PDCP SDU from the target eNB, it could send to higher layers all PDCP SDUs with lower SNs including the just received PDCP SDU even though not all PDCP SNs with a lower SN had been received.  
Proposal 2: UE PDCP re-ordering function should be based on the fact that when the UE receives a PDCP SDU from the target eNB, it can send to higher layers all PDCP SDUs with lower SNs including the just received PDCP SDU even though all PDCP PDUs with lower sequence number may not have been received.

In [1], it is proposed to use functionality similar to that used for UTRAN MAC-hs. 

It can be noted that one difference between the UTRAN MAC-hs scenario and the LTE PDCP case is that in the later the RLC layer in the middle assures in-sequence delivery under the target eNB. Hence we do not see a need for the PDCP stall-avoidance mechanism to be based on the MAC-hs reordering solution.

Proposal 3: The PDCP re-ordering function is always activated at handover for RLC-AM RB.  No re-ordering function is needed for RLC-UM RBs.

If the target eNB prioritises X2 over S1, no re-ordering is needed for RLC-UM RBs.  Following the discussion of Shanghai, re-ordering should be activated for all RB using RLC-AM at eNB HO.

As in  [3], we also propose, ”that PDCP reordering is stopped once the highest SN of PDCP SDU within the out of sequence SDUs during HO can be delivered to higher layer or higher SN than the highest SN of PDCP SDU in the PDCP reordering window has been received.”

Proposal 4:  UE reordering is stopped once the SDU with the highest SN within the out of sequence SDUs received under the source eNB is delivered to higher layer. UE reordering is also stopped if the UE receives SDU with SN higher than the highest SN of PDCP SDU stored in the reordering window.
Proposal 5:  In addition, a “flush” timer is used for the case where no new data are received and there are still gaps in the UE receiving buffer.   The timer is configured by RRC. 

Two options could be envisaged for the configuration of this timer: i.e. configurable at the setup of the RB or configurable in the HO command (e.g. with value set taking into account X2 delay…). 
Proposal 6: A window-based mechanism is needed for duplication detection.
As in [1], this duplicate-detection mechanism is integrated into the re-ordering functionality. 
The purpose of this paper is not to discuss whether HFN value evaluation is based on a window mechanism as the subject is handled in a separate contribution in [4].

Source eNB behaviour clarification 

The Stage 2 contains a misleading sentence with regards to the source eNB behaviour. It is said in section 10.1.2.3.1 that “The source eNB discards any remaining downlink RLC PDUs.” 

10.1.2.3.1
For RLC-AM bearers

Upon handover, the source eNB forwards 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 forward fresh data arriving over S1 to the target eNB. 

NOTE:
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. 

Upon handover, the source eNB forwards uplink PDCP SDUs successfully received in-sequence to the Serving Gateway, may forward uplink PDCP SDUs with their SN received out-of-sequence to the target eNB and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB. …
It could be wrongly understood that once the source eNB has started to forward packets to the target, it should flush its RLC buffer and therefore stop any ongoing transmission in the source cell.

Proposal 7: Clarify, in the Stage 2, that, once data forwarding to the target eNB has started, the source eNB can continue on-going RLC transmission to the UE.
Conclusion

We propose to agree on the following 6 proposals:

Target eNB behaviour

Proposal 1: The target eNB to should prioritise packets arrived by X2 over packets arrived over S1.

UE behaviour

Proposal 2: UE PDCP re-ordering function should be based on the fact that when the UE receives a PDCP SDU from the target eNB, it can send to higher layers all PDCP SDUs with lower SNs including the just received PDCP SDU even though they were gaps.
Proposal 3: The PDCP re-ordering function is always activated at handover for RLC-AM RB.  No re-ordering function is needed for RLC-UM RBs.

Proposal 4: UE reordering is stopped once the SDU with the highest SN within the out of sequence SDUs received under the source eNB is delivered to higher layer. UE reordering is also stopped if the UE receives SDU with SN higher than the highest SN of PDCP SDU stored in the reordering window.
Proposal 5:  In addition, a “flush” timer is used for the case where no new data are received and there are still gaps in the UE receiving buffer. The timer is configured by RRC. 

Proposal 6: A window-based mechanism is needed for duplication detection.

Source eNB behaviour 

Proposal 7: Clarify, in the Stage 2, that, once data forwarding to the target eNB has started, the source eNB can continue on-going RLC transmission to the UE.
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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 can be established between the source eNB and the target eNB.

-
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 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 (an implementation dependent mechanism decides that data forwarding can be stopped).
-
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 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 (an implementation dependent mechanism decides that data forwarding can be stopped).

For RLC-AM bearers:

-
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).
-
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 to decide when and for which bearers a report is sent.
-
The target eNB to should prioritise packets arrived by X2 over packets arrived over S1, i.e. the target should send data from X1 before sending data any data from S1. Any packets received over X2 after the target eNB has started sending data from S1 should be discarded.
-
The target eNB re-transmits all downlink PDCP SDUs forwarded by the source eNB, with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE.

-
The UE re-transmits all uplink PDCP SDUs starting from the first non-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.

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 prioritize all downlink PDCP SDUs forwarded by the source eNB if any i.e. the target should send data from X1 before sending data any data from S1. Any packets received over X2 after the target eNB has started sending data from S1 should be discarded. 

-
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

10.1.2.3
Data forwarding

10.1.2.3.1
For RLC-AM bearers

Upon handover, the source eNB forwards 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 forward fresh data arriving over S1 to the target eNB. 

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

Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. Still, once data forwarding to the target eNB has started, the source eNB can continue on-going RLC transmission in downlink until the Handover Command is sent to the UE.
Upon handover, the source eNB forwards uplink PDCP SDUs successfully received in-sequence to the Serving Gateway, may forward uplink PDCP SDUs with their SN received out-of-sequence to the target eNB and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB. 
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 is activated at every eNB handover:
-
in the downlink, the re-ordering function at the UE PDCP layer guarantees in-sequence delivery of downlink PDCP SDUs;

-
in the uplink, the re-ordering function at the target eNB PDCP layer guarantees in-sequence delivery of uplink PDCP SDUs.
In the UE, the PDCP re-ordering function is based on the fact that when the UE receives a PDCP SDU from the target eNB, it can send to higher layers all PDCP SDUs with lower SNs including the just received PDCP SDU even though they were gaps.

In addition, a “flush” timer is used for the case where no new data are received and there are still gaps in the UE receiving buffer. The “flush” timer is configured by RRC. 

The UE re-ordering function is stopped if one of the following condition is met:

-
the SDU with the highest SN within the out of sequence SDUs received under the source eNB is delivered to higher layer, or

-
the UE receives SDU with SN higher than the highest SN of PDCP SDU stored in the reordering window, or

-
the “flush” timer expires.
10.1.2.3.2
For RLC-UM bearers

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 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 and discards any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.
No re-ordering function is needed at the PDCP layer for RLC-UM bearers.










































































































































































































































































































































































































































































































































