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1 
Introduction and Abstract

In RAN3#57 several data forwarding mechanism were discussed and agreements and open issues were summarized in [1]. The contribution in hand discusses and proposes solutions for the following open issue ‘forwarding scheme to be used for S1 initiated handovers’ (listed in [1]) and the forwarding scheme for the Inter-RAT HO (E-UTRAN to UTRAN).

2 
Discussion

2.1 Data forwarding scheme for Intra‑LTE HO

For the S1 initiated Intra‑LTE HO it was proposed in RAN3#57 meeting (see and [3]) to perform a simplified HO in order to reduce complexity in EPC entities which is justified by the rare occurrence of this HO type. It was proposed:

1. From proposal 4 in [2] for DL data: not to use PDCP SN status transfer and PDCP SN transfer of forwarded SDUs. Instead, it is proposed to use cumulative forwarding of acknowledged SDUs (without a PDCP SN attached) and to reset the PDCP SN after the handover.

2. From conclusion in [3] for UL data: not to forward uplink data. Instead, the UE shall cumulatively retransmit not acknowledged SDUs in the target cell.

Both for DL and UL this may lead to out-of-sequence delivery and duplication of packets.

Therefore we propose to differentiate the S1 initiated HO according to the fact whether an X2 interface exits or not, i.e. to provide the same HO quality as for the plain X2 HO if an X2 interface exists. 

2.1.1 S1 initiated Intra‑LTE HO with X2 interface connectivity 

As the X2 interface exists, the same quality as for the plain X2 initiated HO shall be reached for this type of HO. This can be reached by the following measures:

a. To agree
 on using a separate tunnel for the UL data forwarding and then to use both DL and UL data tunnels to forward the packets, according to data forwarding for the plain X2 HO. 

b. For that purpose the destination information of both tunnels must be sent to the source eNode B via S1AP ‘Relocation Request Acknowledge’ and S1AP ‘Relocation Command’. UL and DL data packets are forwarded like in the plain X2 HO case.

c. Also, the same new X2AP message is sent from source to target eNode B that was agreed in RAN3#57 meeting for the plain X2 HO. This message was introduced in order to ‘convey the UL PDCP SN(s)’ and the ‘next PDCP SN the target should use when assigning PDCP SN to SDUs not yet having an SN’ (see message flow in [4]).

2.1.2 S1 initiated Intra‑LTE HO without X2 interface connectivity

This HO type is considered a rare case. Also, the measures that were taken to achieve low loss Intra‑LTE HO mainly profit from the fact of a direct link between the eNode Bs. We assumed that just blindly adopting these mechanisms for the S1 initiated HO without X2 interface will not result in the same HO performance as for the case of an existing X2 interface. For that reason we think it is justified to accept simplifications that reduce HO complexity. We also think that it is beneficial keep the number of different HO forwarding schemes as small as possible. This can be reached by handling this HO type in a similar, or optimally the same way, as the Inter-RAT HO. 

Therefore, for this type of S1 initiated HO we propose to perform a simplified method for data forwarding and to follow the suggested methods (1.) and (2.) according to 2.1.

However, for the UL it should be discussed whether it’s improving HO when the PDCP SN from the UE can be used to initialize the receiving UL PDCP processing (instead of reset).

2.2 Data forwarding scheme for Inter RAT HO (E-UTRAN to UTRAN)
In-sequence delivery is not required in legacy systems for IP based networks (only set when PDP type is ‘PPP’). Therefore, if data forwarding is needed, we propose it is sufficient to forward the received and buffered PDCP SDUs without their PDCP SNs (if there have been already assigned any).

Note that agreeing on both this and the proposal from 2.1.2 fosters a unique handling concerning data forwarding for these HO types. 

3 
Proposal

It is proposed to use the following forwarding scheme for S1 initiated handovers:

· In the case that a X2 interface does exist:

Apply the means providing an optimized Intra-LTE HO in the case of the plain X2 HO also for the case of the S1 initiated variant. For that purpose it is proposed to agree on the measures ‘a.’ to ‘c.’ of 2.1.1.

· In the case that  a X2 interface does not exist:

Apply a simplified HO according to the discussion in 2.1.2 (forwarding of DL data packets (PDCP-SDUs) only, but without their assigned PDCP SN; reset of PDCP SN at target side. No forwarding of UL data; accumulative re-sending from UE instead).

In the case of a inter RAT HO from E-UTRAN to UTRAN it is proposed to use only DL data forwarding (PDCP-SDUs), but without their assigned PDCP SN. 

It is also proposed to capture the decisions in the relevant stage 2 and stage 3 specifications.

The message flows in [4] discusses changes to stage 2 (TS 23.401) and contain more details on the HO types that are handled by this contribution. It is proposed to inform RAN2, SA2 and CT4 about the agreed schemes and the message flows shown in [4].
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� Note: Using a separate tunnel for transferring the buffered UL data packets is currently a working assumption for the plain X2 HO.
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