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1 Introduction

This document discusses Feasibility of lossless mobility for the CP solution as proposed in LS R3-163058 from RAN2. 
2 Discussion

2.1 Lossless Mobility for user data with AS user plane

In LTE lossless mobility is applied to RLC AM bearers, which is used for most TCP applications. The support for lossless mobility is implemented in AS and works as follows: 

When the UE moved from a source cell to a target cell: 

1) There may be packets in-transmission or buffered in AS L2 for which the transmission has not finished in the source cell, when the UE moves to the target cell. 

2) The L2 SDUs that were buffered in L2 or for which the transmission didn’t conclude successfully in the source cell are retransmitted in the target cell. 

To support this operation for Data Radio Bearers in AS, there are several mechanisms for enabling and optimization: 

· For the DL: 

· Data forwarding is done from the source cell to the target cell (over X2). 

· Prioritization of forwarded packets in the target cell (priority over packets from the CN). 

· For the UL and the DL

· PDCP status reports are exchanged in the target cell to avoid duplicate (re)transmissions.
2.2 Lossless Mobility for the CP solution 

At mobility in LTE, SRB data from the source cell is never automatically (re)transmitted in the target cell by L2. Instead signaling transaction handling is explicitly handled in the signaling protocols using SRB, i.e. RRC and NAS. 

For LTE, to support NAS handling at handover for the DL, NAS messages that are buffered or has not been acknowledged to be received in L2, are sent back to the MME using the NAS NON DELIVERY INDICATION message over S1-AP. 

Potential mechanism 1: (re)transmission in NAS (as proposed by RAN2)
The intended behavior is: When the UE has changed cell, NAS (re)transmits all NAS messages carrying Data that were not successfully transmitted in the previous cell. 

A prerequisite for this to work is that AS indicates to NAS the messages that were not successfully transmitted in the previous cell. 

· For the UL, such indication could be UE-internal, and (re)transmissions would be performed by UE NAS. As mobility in NB-IoT is triggered by Radio Link Failure, such indication would need to be triggered at Radio Link Failure.  

· For the DL, the NAS NON DELIVERY INDICATION message over S1-AP could be used to send back to the MME the messages that were not successfully transmitted in the previous cell and (re)transmissions would be performed by MME NAS. Similar to the Uplink, this would need to be triggered by Radio Link Failure. 
· According to the RAN2 proposal, the UE would at RLF initiate a RRC re-establishment procedure, which would be followed by a RLF indication to the previous cell. It seems that the RLF indication could also trigger the NAS NON DELIVERY INDICATION to the MME. 
· Furthermore, RAN2 assumes that in order to minimize the signaling the RRC re-establishment should succeed, meaning that the RLF indication should also trigger a HO preparation, i.e. a full context fetch should be done. 
Conclusion 1: Lossless mobility by (re)transmissions in NAS, triggered by AS (as proposed by RAN2) is a feasible solution from eNB point of view.  
Potential mechanism 2: Data forwarding and (re)transmission in AS

The intended behavior is: When the UE has changed cell, AS (re)transmits all NAS messages carrying Data that were not successfully transmitted in the previous cell. The intention would be to mimic the AS lossless data handling for DRBs. 

· For the UL, based on AS-internal indications, (re)transmissions would be performed by UE PDCP.

· For the DL, based on Data forwarding over X2, and potentially additional AS indications, (re)transmissions would be performed by eNB L2. 

We note that: 

· It is not desirable that AS blindly retransmits all NAS messages at mobility. Messages that are eligible for retransmission need to be marked somehow, e.g. over S1 for the DL. 

· In some cases it is possible to carry a ESM message inside an EMM message. However it seems this would not work well with AS retransmissions, as the EMM part should not be retransmitted, while the ESM part carrying data could be retransmitted. With this solution, it seems there should be a restriction that ESM messages carrying Data should always be sent alone. 

· If AS retransmits NAS messages at security key change, which may indeed happen at cell change, there could be security failures and the message would anyway not be successfully received. 
Conclusion 2: Lossless mobility by (re)transmissions in AS, might be a feasible solution, if packets can be marked over S1 as eligible for AS (re)transmission, but might require some additional study on the NAS level. 

Proposal: Send a Reply LS to RAN2 and confirm that the lossless mobility solution by (re)transmissions in NAS, triggered by AS (as proposed by RAN2) is a feasible solution from eNB point of view. 

3 Summary

Conclusion 1: Lossless mobility by (re)transmissions in NAS, triggered by AS (as proposed by RAN2) is a feasible solution from eNB point of view.  
Conclusion 2: Lossless mobility by (re)transmissions in AS, might be a feasible solution, if packets can be marked over S1 as eligible for AS (re)transmission, but might require some additional study on the NAS level. 

Proposal: Send a Reply LS to RAN2 and confirm that the lossless mobility solution by (re)transmissions in NAS, triggered by AS (as proposed by RAN2) is a feasible solution from eNB point of view. 



































































