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1. Introduction
In last RAN2#60bis meeting, RAN2 discussed the handling of PDCP SDU Discard Timer at HO. One alternative is left the handling to eNB implementation [1], but another alternative (i.e. exchange timer information between eNBs) has been pointed out in the discussion [2]. This contribution is to show our view and detailed handling of PDCP SDU Discard Timer at HO.
2. Discussion
The discussion points in this contribution are:
· Issue 1: Whether the limit of PDCP SDU Discard Timer (i.e. delay budget) shall be exchanged between eNBs in the DL/ UL HO?
· Issue 2: Whether the time-to-discard (TTD) of each PDCP SDU (i.e. how long the PDCP SDU has been stored in the PDCP buffer) shall be exchanged between eNBs at DL/ UL HO?
2.1.  Issue 1: Exchange of Timer Limit
DL HO Case

Considering the fact that the PDCP parameters are configured at the bearer setup or OAM, exchange of timer limit between eNBs is not needed.
UL HO Case

For the UL HO case, the UE should keep the PDCP configuration and parameters if the network would not re-configure the UE PDCP. Thus, the UE PDCP should keep current timer limit if there are no re-configuration signaling from the network.
· Proposal 1: The limit of PDCP SDU Discard Timer (i.e. delay budget) shall be configured by the network (i.e. For DL HO, the timer limit shall not be exchanged. For UL HO, UE just keeps the timer limit if no re-configuration is received from the network).
2.2.  Issue 2: Exchange of Time-to-Discard information
The concept of HO in LTE is lossless/ seamless. Thus, in order to align this concept, we think some information should be exchanged between eNBs.
DL HO Case

There are three alternatives: (Alt.1) Complete Time-to-Discard Notification, (Alt.2) Partial Time-to-Live Notification, (Alt.3) eNB implementation. 
(Alt.1) Complete Time-to-Live Notification

This alternative is based on the consideration that the PDCP Discard Timer gives the strict limitation of the time-to-discard of PDCP SDU’s in the eNB buffer.
Fig.1 shows the brief outline. The time-to-discard of each PDCP SDU stored in the source eNB is transferred from the source eNB to the target eNB in a way that the time-to-discard is forwarded PDCP SDU by PDCP SDU basis. The target eNB then sets the time to each PDCP SDU accordingly. The benefit is that the alternative can strictly provide the delay limit of each PDCP SDU. The drawback is that this alternative increases signaling overhead of the X2 interface (The detail of signaling is FFS).
In Alt.1, we note that the source eNB or the target eNB may increase the time-to-discard by the X2 transmission delay. In addition, the source eNB may discard the PDCP SDU which clearly exceeds the timer limit if it forwards the SDU to the target eNB. These behaviors are anyway left to be eNB implementation.
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Fig.1: Alt.1  Transferring the time-to-discard (TTD) SDU by SDU basis
(Alt.2) Partial Time-to-Live Notification

This alternative is based on the consideration that the PDCP Discard Timer gives rough limitation of the life time of PDCP SDU’s in the eNB buffer.
Fig.2 shows the brief outline. The time-to-discard value in the source eNB is transferred from the source eNB to the target eNB in a way that only worst value, e.g., that of HOL PDCP PDU (Head-of-Line PDCP SDU stored in the head of buffer) is forwarded. The target eNB then sets the transferred value to the first forwarded PDCP SDU. For the other forwarded PDCP SDU’s, the configuration of time-to-discard values is left to eNB implementation (i.e. eNB estimation). The benefit is that the Alt.2 can roughly provide the delay limit of each PDCP SDU with low signaling overhead (The detail of signaling is FFS). The drawback is that Alg.2 can not share strict delay limit of forwarded PDCP SDU’s between eNBs.

[image: image2]
Fig.2: Alt.2 Transferring worst time-to-discard (TTD) value
(Alt.3) eNB implementation
In this alternative the target eNB implicitly estimates the time-to-discard of each forwarded PDCP SDU’s without any signaling from the source eNB for the purpose of the signaling reduction. The benefit is that any signaling is needed in the X2 interface. However, the drawback is that this alternative could not share any delay information of forwarded PDCP SDU’s between eNBs, which might not be aligned the lossless/ seamless concept of LTE HO and thus we don’t prefer this alternative.
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Fig.3: Alt.3  No transferring any time-to-discard (TTD) values
Therefore, we propose:

· Proposal 2: For DL HO, the possible timer handling alternatives are (Alt.1) Complete Time-to-Discard Notification, (Alt.2) Partial Time-to-Discard Notification, and (Alt.3) eNB implementation. Both (Alt.1) and (Alt.2) are aligned to lossless/ seamless LTE HO concept, but (Alt.2) is preferable considering the ease of signaling (the signaling method is FFS).
UL HO Case
In the case of UL HO, the re-location of PDCP layer doesn’t happen. We thus think that there are no impacts on UE PDCP if it keeps the time-to-live of each PDCP SDU unless it receives the PDCP re-configuration signaling from the network.
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Fig.4: Keep time-to-discard (TTD) values
We thus propose:
· Proposal 3: For UL HO, the time-to-discard of each PDCP SDU shall be kept unless the UE receives the PDCP re-configuration signaling from the network.
3. Proposal
With the above discussions, we propose:
· Proposal 1: The limit of PDCP SDU Discard Timer (i.e. delay budget) shall be configured by the network (i.e. For DL HO, the timer limit shall not be exchanged. For UL HO, UE just keeps the timer limit if no re-configuration is received from the network).
· Proposal 2: For DL HO, the possible timer handling alternatives are (Alt.1) Complete Time-to-Discard Notification, (Alt.2) Partial Time-to-Discard Notification, and (Alt.3) eNB implementation. Both (Alt.1) and (Alt.2) are aligned to lossless/ seamless LTE HO concept, but (Alt.2) is preferable considering the ease of signaling (the signaling method is FFS).
· Proposal 3: For UL HO, the time-to-discard of each PDCP SDU shall be kept unless the UE receives the PDCP re-configuration signaling from the network.
4. Proposed Text for TS36.323

5.5.1
User plane radio bearers mapped on RLC AM

5.5.1.1
Actions at handover

When upper layers indicate that a handover has occurred
, for radio bearers that are mapped on RLC AM, 
the UE shall:

- keep the Discard Timer
- start the Flush_Timer
- …
5. Proposed Text for TS36.300
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:

8
The source eNB sends the SN STATUS TRANSFER message to the target eNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of SAE bearers for which PDCP status preservation applies. The uplink PDCP SN receiver status includes at least the PDCP SN of the next expected in-sequence UL SDU (upper window edge) and may include a list of the PDCP SN of the out of sequence missing (FFS) UL SDUs that the UE needs to retransmit in the target cell, if there are any such SDUs. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target eNB shall assign to new SDUs with the time-to-discard, not having a PDCP SN yet. The source eNB may omit sending this message if none of the SAE bearers of the UE shall be treated with PDCP status preservation.
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