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1 Introduction
In NB-IoT real network, we found out a disorder problem when UE perform CP RRC re-establishment after UE move from one eNB to another. In this contribution, we first explain the reason for this problem. Then we would like to share a candidate solution.
2 Discussion

Explain the reason for this problem
When UE is moving from an eNB to another, the radio condition for serving cell becomes poor. RLF will happen and then UE will perform RRC re-establishment procedure on the neighbouring eNB. The RLC entity for both UE and eNB is re-established. All the RLC SDUs and PDUs will be deleted. Due to transmission mechanism for CP solution, some of the RLC PDUs have already be successful decoded at the receiving side but haven’t send the status report yet. The transmitting side RLC has no idea the latest successfully transmitted RLC PDU. Since PDCP layer is skipped for CP solution, the NAS layer of transmitting side depends on RLC ACK to find out which packet has been successfully transmitted. Therefore, NAS layer at the transmitting side also don’t know the latest successfully delivered packet for the NAS layer at the receiving side.

We observed different behaviour for network and UE.

For DL transmission, according to TS 24.301 6.3.4, if the downlink ESM NAS message could not be delivered due to an intra MME handover and the target TA is included in the TAI list, then upon successful completion of the intra MME handover the MME shall retransmit the ESM message. So in the real network, the MME retransmit the packet which haven’t received ACK, although these packets have already been successful received by the receiving side. So, this procedure results in downlink packet duplication.
For UL transmission, according to TS 24.301 6.6.4.4, for UE side, how the ESM sublayer handles the retransmission of user data via the control plane is up to the UE implementation. In the real network, most of the UEs just simply delete all the NAS packet, which has already delivered to lower layer. That means, even some packets have not been delivered successfully, the UE would delete them. So, for UL transmission, packet interruption is always observed.
Therefore, it looks the current CP RRC re-establishment mechanism still suffers from packet duplication and interruption. This problem makes the CP RRC re-establishment feature show little gain comparing with Rel-13 NB-IoT.
Observation 1: Current CP RRC re-establishment suffers from packet duplication and interruption.
During our field trial, some eNBs set polling bit for every RLC PDU for DL transmission and send RLC status report for every received RLC PDU for UL transmission. But this kind of implementation causes serious signalling overhead. As a consequence, network throughput is reduced.
Candidate solution

The intention of RRC re-establishment procedure is to deliver packet in sequence when NB-UE changing eNB. We would like to share a candidate solution. The signaling flow is shown in figure 1.
During RRC re-establishment procedure, MME can send UL-NAS-Count-Receive to eNB. Then eNB delivers the UL-NAS-Count-Receive to UE through RRCConnectionReestablishment message. The UL-NAS-Count-Receive indicates the latest received NAS packet by MME. By this means, UE can only retransmit the NAS packets which have not been received without packet interruption.

UE can report the DL-NAS-Count-Receive to eNB through RRCConnectionReestablishmentComplete message. Then eNB deliver the DL-NAS-Count-Receive to MME. The DL-NAS-Count-Receive indicates, at the receiving side, the latest received NAS packet by UE. By this means, MME can only retransmit the NAS packets which have not been received without packet duplication. 
Proposal 1：UL-NAS-Count-Receive and DL-NAS-Count-Receive are transmitted during RRC re-establishment procedure, in order to guarantee in sequence delivery for CP solution.
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Figure 1. NAS-count transmission
3 Conclusions

In this paper, we discussed pack disorder issue for CP RRC re-establishment. We would like to propose:
Observation 1: Current CP RRC re-establishment suffers from packet duplication and interruption.

Proposal 1：UL-NAS-Count-Receive and DL-NAS-Count-Receive are transmitted during RRC re-establishment procedure, in order to guarantee in sequence delivery for CP solution.
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