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4.3
LPP Transport

4.3.1
Transport Layer Requirements 
LPP requires reliable, in-sequence delivery of LPP messages from the underlying transport layers. This section describes the transport capabilities that are available within LPP. A UE implementing LPP for the control-plane solution shall support LPP reliable transport (including all three of duplicate detection, acknowledgement, and retransmission).

LPP reliable transport functionality is not used in the user-plane solution.

The following requirements in subclauses 4.3.2, 4.3.3, and 4.3.4 for LPP reliable transport apply only when the capability is supported.

4.3.2
LPP Duplicate Detection
A sender shall include a sequence number in all LPP messages sent for a particular location session. The sequence number shall be distinct for different LPP messages sent in the same direction in the same location session (e.g., may start at zero in the first LPP message and increase monotonically in each succeeding LPP message). Sequence numbers used in the uplink and downlink are independent (e.g., can be the same).
A receiver shall record the most recent received sequence number for each location session. If a message is received carrying the same sequence number as that last received for the associated location session, it shall be discarded. Otherwise (i.e., if the sequence number is different or if no sequence number was previously received or if no sequence number is included), the message shall be processed.

Sending and receiving sequence numbers shall be deleted in a server when the associated location session is terminated and shall be deleted in a target device when there has been no activity for a particular location session for 10 minutes.

NOTE:
For LPP control-plane use, a target device can be aware of a location session from information provided at the NAS level for downlink transport of an LPP message.

4.3.3
LPP Acknowledgement
4.3.3.1
General

Each LPP message may carry an acknowledgement request and/or an acknowledgement indicator. A LPP message including an acknowledgement request (i.e., that include the IE ackRequested set to TRUE) shall also include a sequence number. Upon reception of an LPP message which includes the IE ackRequested set to TRUE, a receiver returns an LPP message with an acknowledgement response (i.e., that includes the ackIndicator IE set to the same sequence number of the message being acknowledged). An acknowledgement response may contain no LPP message body (in which case only the sequence number being acknowledged is significant); alternatively, the acknowledgement may be sent in an LPP message along with an LPP message body. An acknowledgement is returned for each received LPP message that requested an acknowledgement including any duplicate(s). Once a sender receives an acknowledgement for an LPP message, and provided any included sequence number is matching, it is permitted to send the next LPP message. No message reordering is needed at the receiver since this stop-and-wait method of sending ensures that messages normally arrive in the correct order.
NOTE: 
An endpoint can assume successful transfer of an LPP Request message when an LPP Response message for this Request message has been received, regardless of whether an LPP Acknowledgment for the LPP Request message was received or not. The LPP Response message is then considered as an implicit LPP Acknowledgment, as shown in Figure 4.3.3.2-2.
When an LPP message is transported via a NAS MO-LR request, the message does not request an acknowledgement.
4.3.3.2
Procedure related to Acknowledgement

Figure 4.3.3.2-1 shows the procedure related to acknowledgement.
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Figure 4.3.3.2-1: LPP Acknowledgement procedure

1.
Endpoint A sends an LPP message N to Endpoint B which includes the IE ackRequested set to TRUE and a sequence number.
2.
If LPP message N is received and Endpoint B is able to decode the ackRequested value and sequence number, Endpoint B shall return an acknowledgement for message N. The acknowledgement shall contain the IE ackIndicator set to the same sequence number as that in message N.

3.
When the acknowledgement for LPP message N is received and provided the included ackIndicator IE matches the sequence number sent in message N, Endpoint A sends the next LPP message N+1 to Endpoint B when this message is available.
Figure 4.3.3.2-2 shows the procedure related to implicit acknowledgment. Support of this procedure by a UE is recommended but not mandatory. 
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Figure 4.3.3.2-2: Implicit LPP Acknowledgement procedure

1.
Endpoint A sends an LPP Request message N to Endpoint B which includes the IE ackRequested set to TRUE and a sequence number. Message N may be a Request Capabilities, Request Assistance Data, or Request Location Information message. 
2.
If LPP message N is received and Endpoint B is able to decode the ackRequested value and sequence number, Endpoint B shall return an acknowledgement for message N. 
3.
Endpoint B sends an LPP Response Message M to Endpoint A in response to Message N in step 1. Message M may be a Provide Capabilities, Provide Assistance Data, Provide Location Information message, or an Error or Abort message.
4.
If Endpoint A can verify that the Transaction ID in Message M is the same as in Message N, Endpoint A considers Message N as being acknowledged and sends the next LPP message N+1 to Endpoint B when this message is available.
4.3.4
LPP Retransmission
4.3.4.1
General

This capability builds on the acknowledgement and duplicate detection capabilities. When an LPP message which requires acknowledgement is sent and not acknowledged, it is resent by the sender following a timeout period up to three times. If still unacknowledged after that, the sender aborts all LPP activity for the associated session. The timeout period is determined by the sender implementation but shall not be less than a minimum value of 250ms.

4.3.4.2
Procedure related to Retransmission

Figure 4.3.4.2-1 shows the procedure related to retransmission when combined with acknowledgement and duplicate detection.
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Figure 4.3.4.2-1: LPP Retransmission procedure

1.
Endpoint A sends an LPP message N to Endpoint B for a particular location session and includes a request for acknowledgement along with a sequence number.

2.
If LPP message N is received and Endpoint B is able to decode the ackRequested value and sequence number (regardless of whether the message body can be correctly decoded), Endpoint B shall return an acknowledgement for message N. If the acknowledgement is received by Endpoint A (such that the acknowledged message can be identified and sequence numbers are matching, or optionally if Endpoint A can infer an implicit acknowledgement as in Figure 4.3.3.2-2), Endpoint A skips steps 3 and 4.

3.
If the acknowledgement in step 2 is not received after a timeout period, Endpoint A shall retransmit LPP message N and shall include the same sequence number as in step 1.

4.
If LPP message N in step 3 is received and Endpoint B is able to decode the ackRequested value and sequence number (regardless of whether the message body can be correctly decoded and whether or not the message is considered a duplicate), Endpoint B shall return an acknowledgement. Steps 3 may be repeated one or more  times if the acknowledgement in step 4 is not received after a timeout period by Endpoint A. If the acknowledgement in step 4 is still not received after sending three retransmissions, Endpoint A shall abort all procedures and activity associated with LPP support for the particular location session. 

5.
Once an acknowledgement in step 2 or step 4 is received, Endpoint A sends the next LPP message N+1 for the location session to Endpoint B when this message is available.
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