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1 Introduction
[1] investigated issues on LPP PDU transmission in RAN2#67. LPP PDU transmisission may be failed/unsuccessfully delivered during a handover or a RRC connection re-establishment. The failure of LPP PDU transmission may causes negative impacts such as failure of the concerning LPP procedure and bad user experience. To avoid such impacts, LPP PDU retransmission mechanism should be considered. Thus, this document analyses issues on LPP PDU retransmission and their solutions, and proposes that LPP PDU retransmission is performed in LPP.
2 Discussion
2.1 LPP PDU transmission
LPP messages are carried transparently across intermediate network interfaces using the appropriate protocols (e.g., utilizing NAS transport procedures in S1-AP over the S1-MME interface and NAS/RRC over the Uu interface) [2]. When the eNB decides to not start the delivery of a NAS message carrying LPP PDU that has been received from MME, due to e.g. handover, the eNB reports the non-delivery of the NAS message by sending the DOWNLINK NAS NON DELIVERY INDICATION message to the MME including the non-delivered NAS message (i.e. LPP PDU) and an appropriate cause value. However, the MME which received the DOWNLINK NAS NON DELIVERY INDICATION message cannot decide whether the LPP PDU needs to be retransmited or not, since the MME does not terminate LPP PDUs.
In addition, some contents of LPP PDUs must be changed depending on the serving cell. For instance, the Reference Time, which is defined as an assistant data of GNSS positioning methods. In case of fine time assistance, the Reference Time provides the relation between GNSS system time and E-UTRAN air-interface timing, where the E-UTRAN air-interface timing varies in different serving cells. Thus, the Reference Time must be updated if the serving cell is changed.

As described above, there are two issues on LPP PDU transmission:
Issue 1: MME cannot decide the necessity of the LPP PDU retransmission even if it receives the DOWNLINK NAS NON DELIVERY INDICATINO message.
Issue 2: There is an assistance data which must be updated if the serving cell is changed.

2.2 LPP PDU retransmission
There have been four alternatives on which layer performes the LPP PDU retransmission as per discussion in [1], [3].

· Alt.1: LPP
· Alt.2: RRC

· Alt.3: NAS

· Alt.4: PDCP/RLC
Alt.3 (NAS) alone cannot decide the necessity of the LPP PDU retransmission because the MME does not terminate LPP PDUs. Alt.4 (PDCP/RLC) cannot detect that the serving cell is changed. Thus, Alt.1 (LPP) and Alt.2 (RRC) are the possible alternatives to solve the above mentioned issue 1 and issue 2. Table 1 compares Alt.1 and Alt.2.
Table 1: Comparison between Alt.1 (LPP) and Alt.2 (RRC).
	Alternatives
	Pros
	Cons

	Alt.1 (LPP)
	· E-SMLC which terminates LPP PDUs can retransmit LPP PDUs after update if needed.
	· It takes longer time to retransmit LPP PDUs, due to the location of LPP termination.
· E-SMLC should be informed about the non-delivery of the LPP PDU by the MME. If the serving cell is changed, MME should also report the new serving cell to the E-SMLC..
· E-SMLC must retransmit the updated LPP PDU after cell change in some cases (e.g. Reference Time assistant data).

	Alt.2 (RRC)
	· It does not take time to retransmit LPP PDUs.
	· eNB must identify which NAS PDUs carries the concerning LPP PDUs (e.g. by introduction of new SRB3?).
· The source cell must forward LPP PDUs to the target cell.
· The target cell must update the information inside LPP PDU in some cases (e.g. Reference Time) and retransmit it.


Impacts of Alt.2, i.e. the eNB needs to identify which NAS PDUs carrying the concerning LPP PDUs, updates and retransmits LPP PDUs, are considered very large. 
Therefore, Alt.1 (LPP) is preferable. In this alternative the MME should report the non-delivery of the LPP PDU by sending a message tentatively called DOWNLINK LPP NON DELIVERY INDICATION message to the E-SMLC with an appropriate cause value (e.g. Cell change) after the MME receives the DOWNLINK NAS NON DELIVERY INDICATION message which includes the concerning LPP PDU. 
This impact is considered small because the MME can send the contents of the received DOWNLINK NAS NON DELIVERY INDICATION without modification to the E-SMLC.
If LPP PDU retransmission is performed in LPP, to cope for the cases when the contents of LPP PDU depends on the serving cell, the E-SMLC should be informed that the serving cell is changed. Section 9.4.3a (Procedures in the MME) in [4] already specifies a procedure for the MME to report the new serving cell to the E-SMLC upon serving cell change:
Update the E-SMLC (Section 9.4.3a of [4])
This action shall be employed when the serving eNodeB but not the MME is changed due to an intra E-UTRAN handover or tracking area update. When this event occurs, the MME shall send an update message to the E-SMLC indicating the new eNodeB for the UE.

From the above discussion, this paper proposes the following:
Proposal 1: LPP PDU retransmission is performed in LPP,
Proposal 2: The MME reports LPP PDU non-delivery including the appropriate cause value to the E-SMLC.
Proposal 3: The E-SMLC should be informed by the MME that the serving cell is changed.

Proposal 4:The E-SMLC must retransmit the updated LPP PDU in some cases (e.g. Reference Time) if the serving cell is changed.
2.3 Retransmission procedure of LPP PDU
Figure 1 shows a retransmission procedure of LPP PDU.
1) The E-SMLC sends an LCS-AP PDU to the MME carring an LPP PDU.

2) The MME forwards the LPP PDU to the serving eNB in an S1AP DOWNLINK NAS TRANSPORT message.

3) When the eNB decides to not start the delivery of the NAS message (NAS PDU IE) carrying the LPP PDU that has been received from the MME, the eNB reports the non-delivery of the NAS message by sending a DOWNLINK NAS NON DELIVERY INDICATION message to the MME including the NAS PDU IE carrying the LPP PDU.
4) The MME forwards the LPP PDU to the E-SMLC including an appropriate cause value in an LCS-AP message.
5) After the serving cell is changed, the MME sends the LCS-AP PDU to the E-SMLC so that the E-SMLC identifies the new serving cell.
6) The E-SMLC updates the LPP PDU if modifications are needed due to change of the serving cell.
7) Step.7…9 retransmit the LPP PDU to the UE.
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Figure 1: Retransmission procedure of LPP PDU.
3 Conclusion and Proposal
The paper analyses issues on LPP PDU retransmission and their solutions, and proposes as follows,
Proposal 1: LPP PDU retransmission is performed in LPP,

Proposal 2: The MME reports the LPP PDU non-delivery including the appropriate cause value to the E-SMLC.

Proposal 3: The E-SMLC should be informed by the MME that the serving cell is changed.

Proposal 4: The E-SMLC must retransmit the updated LPP PDU in some cases (e.g. Reference Time) if the serving cell is changed.
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