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1 Introduction 
At the RAN2 #59bis meeting in Shanghai, it was agreed to define two solutions for user-plane handling at handover: One for RLC-AM and another for RLC-UM bearers. The agreements are captured in R2-074598 ‎[1]. 

The agreed user-plane handling for RLC-AM bearers relies on maintaining a continuous PDCP Sequence Number (SN) through the handover. Over X2, RAN3 has agreed to support this solution ‎[2].  
For RLC-UM and control-plane, RAN2 has agreed to reset the PDCP SN. 

However, in an LS to RAN2 ‎[3], RAN3 expresses a desire to avoid supporting continuous PDCP SN management for S1 handovers. Several reasons for this desire to avoid the PDCP SN handling at S1 handovers are expressed in ‎[4]. A PDCP SN reset at S1 handover would provide e.g. the following benefits: 

· No need to use the GTP-U header extension in GTP-U tunnelling through the GW, 

· No need to convey PDCP SN status over S1 via the MME, 

· S1 handover would have strong similarities with INTER RAT handovers. 

More detailed RAN3 viewpoints on the matter can be found in ‎[4].
Thus, there is a need to solve the user-plane handling of RLC-AM bearers for S1 handover. The present contribution addresses this and suggests some amendments to the existing agreements, such that the desire by RAN 3 to avoid PDCP SN handling over S1 could be met.  
2 Discussion 
We have identified three alternatives for filling the gap on RLC-AM user-plane handling at S1 handover: 

1. A PDCP re-set can be issued for RLC-AM, and cumulative PDCP re-transmissions are undertaken between the UE and Target; 

2. A PDCP re-set can be issued for RLC-AM, and no PDCP re-transmissions are undertaken between UE and Target; 

3. RAN2 replies to RAN3 that continuous PDCP SNs should be supported over S1. 
From a RAN2-viewpoint, solution 3 is clearly the simplest. However, since RAN3 has expressed a clear desire to avoid continuous PDCP SNs over S1, we think that RAN2 should evaluate the possibility to amend the current user-plane agreements with a PDCP reset option for RLC-AM. 
We note that the UE is unaware if a handover in the network is of X2-, S1-, or Intra-eNB-type. If different behaviours are needed, then the network must inform the UE on how to act.  

Proposal 1: At handover, it shall be possible to reset PDCP SNs for RLC-AM.  The reset should be issued in the Handover Command. 

Following this proposal, there is then a need to define the UE behaviour for RLC-AM at a PDCP re-set. We note that the UE behaviour for re-set of UM bearers has already been defined. Therefore, it could be possible to unify the solutions such that one single UE behaviour for “PDCP re-set” could be defined (i.e. approach “2” above).  

However, the current PDCP SN reset solution for RLC-UM is not loss-less. Therefore, we suggest that the current agreements on the RLC-AM handling at handover are amended with a PDCP reset solution, i.e. following alternative 1 above.    

It is our desire to avoid opening the existing agreements on user-plane handling at handover. We have therefore strived to provide the current amendment without touching the agreed Stage 2 text. A text proposal for solution 1 is provided below. 
Proposal 2: The PDCP re-set for RLC AM shall be lossless, such that cumulative re-transmissions are applied in the target cell. 

We believe this solution would satisfy the desire by RAN3 to avoid supporting PDCP SN continuity at S1 handover. Further, we expect that the solution would provide good user-plane performance for RLC-AM ‎[4]. Recent simulation results have shown that cumulative forwarding and re-transmissions should provide adequate performance ‎[5].   
3 Conclusion

In the present contribution, we have addressed the issue of providing lossless handover for RLC-AM and fulfilling the RAN3 desire to avoid PDCP SN handling at S1 handover. Our suggested way forward is condensed in the following two proposals: 
Proposal 1: At handover, it shall be possible to reset PDCP SNs for RLC-AM.  The reset should be issued in the Handover Command. 

Proposal 2: The PDCP re-set for RLC AM shall be lossless, such that cumulative re-transmissions are applied in the target cell.

 A text proposal for 36.300 (built on ‎[1]) capturing our proposals is provided below. 
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5 Text proposal 

 Modified Section
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 (no PDCP SN reset):

-
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).

-
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 re-transmits and prioritizes 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-AM bearers (PDCP SN reset):
-
PDCP SN and HFN are reset in the target eNB. 
- 
No PDCP SN based reporting is used. 
-
Target eNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source eNB. 
-
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. 
-
Upon handover, the UE delivers downlink PDCP SDUs successfully received in-sequence to upper layers. The UE shall discard any remaining downlink RLC PDUs. 
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.
 
-
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.
10.1.2.1.x
C-plane handling

The C-plane handling during the Intra-E-UTRAN-Access mobility activity for UEs in LTE_ACTIVE takes the following principles into account:


-
No forwarding or retransmissions of RRC messages in the target;
-
The PDCP SN and HFN are reset in the target eNB.

NOTE: 
Forwarding of NAS SDUs is FFS..
10.1.2.2
Path Switch

10.1.2.3
Data forwarding
10.1.2.3.1
For RLC-AM bearers (no PDCP reset)
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.
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. 
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;

-
in the uplink, the re-ordering function at the target eNB PDCP layer guarantees in-sequence delivery of uplink PDCP SDUs.
10.1.2.3.x
For RLC-AM bearers (PDCP SN reset)
Upon handover, the source eNB forwards in sequence to the target eNB all downlink PDCP SDUs from the first non-consecutively confirmed PDCP SDU i.e. the oldest PDCP SDU that has not been acknowledged by the UE. 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 uplink PDCP SDUs successfully received in-sequence to the Serving Gateway. Source eNB shall discard any remaining uplink RLC PDUs. The source eNB does not forward the uplink RLC context to the target eNB. 
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.
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