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1
Introduction
It is clear that the Path SWITCH REQUEST ACKNOWLEDGE msg can be the first message an MME sends to a eNB upon the MME receiving a PATH SWITCH REQUEST message during X2 Handover. However, it’s possible other messages could be sent before the PATH SWITCH REQUEST ACKNOWLEDGE, but the specifications are not entirely clear on whether this is allowed. The purpose of this discussion document is to highlight and agree regarding what is permitted to be sent as a first response message on X2 HO.
2
Background
During X2 HO completion [1], the MME has to send a MODIFY BEARER REQUEST message to the Serving Gateway upon receiving a PATH SWITCH REQUEST message and the Serving Gateway then switches the U-plane path from the source eNB to the target eNB, so a delay exists before the MME returns the PATH SWITCH REQUEST ACKNOWLEDGE message to the target eNB. Meanwhile, the MME may have other UE-Associated messages to send to the eNB, e.g. if due to Handover interaction a S1-AP message could not be sent and is waiting for the UE to arrive at the target. So upon arrival of a PATH SWITCH REQUEST message, it is possible a MME sends these other message before the PATH SWITCH REQUEST ACKNOWLEDGE message, unless the MME is required to buffer them and ensures they are delayed until the PATH SWITCH REQUEST ACKNOWLEDGE message is sent first. The issue to be considered here is whether the standard requires such inter-procedure coordination or not. 
Next some UE-associated messages that logically make sense for a MME to have at times ready to send in this scenario are analyzed. Section 8.6.2.2 of TS 36.413 [2] for the DOWNLINK NAS TRANSPORT message contains the following text: 

If the MME only needs to send a NAS message transparently via the eNB to the UE and a UE-associated logical S1-connection exists for the UE or if the MME has received the eNB UE S1AP ID IE in an INITIAL UE MESSAGE message, the MME shall send a DOWNLINK NAS TRANSPORT message to the eNB

From this one might conclude that TS 36.413 [2] prohibits the MME sending the DOWNLINK NAS TRANSPORT message before the PATH SWITCH REQUETS ACK message given it omits this case. However, section 8.6.1 contains the following: 

If no UE-associated logical S1-connection exists, the establishment of the UE-associated logical S1-connection is initiated (and may be established) as part of the procedure.
Section 8.6.1 suggests the DOWNLINK NAS TRANSPORT message can be sent before the PATH SWITCH REQUETS ACK. Further, Section 8.10.1.1 of [2] contains the following for the Trace Start message:
If no UE-associated logical S1-connection exists, the UE-associated logical S1-connection shall be established as part of the procedure.

Nothing is specified here that limits the MME being able to send the Trace message on X2 HO before the PATH SWITCH REQUEST ACK msg and establish the UE-associated logical S1-connection, where establish generally implies stopping timers and storing the MME UE S1AP ID. Note it also implies that on receiving the TRACE START message the eNB can then send any queued UPLINK NAS TRANSPORT message(s) that are awaiting S1-connection establishment.
For E-RAB Setup/Modify/Release procedures, the TS 36.413 [2] says e.g.: “The MME initiates the procedure by sending an E-RAB SETUP REQUEST message to the eNB”. There is not any restriction given here that the MME is not allowed to send E-RAB type procedures if needed to an eNB before the PATH SWITCH REQUEST ACK.
Table 1 provides a list of relevant UE-Associated messages and excerpts from the spec concerning when they are sent.
Table 1: Sending UE Associated messages before Path Switch Request Ack per Spec
	UE Associated message
	Can message be sent before the PATH SWITCH REQUEST ACK?
	Relevant excerpt from the spec

	UE CONTEXT MODIFICATION Request
	No mention it cannot
	(Spec doesn’t mention about sending it)

	DOWNLINK NAS TRANSPORT
	?
	If no UE-associated logical S1-connection exists, the establishment of the UE-associated logical S1-connection is initiated (and may be established) {8.6.1}
If the MME only needs to send a NAS message transparently via the eNB to the UE and a UE-associated logical S1-connection exists for the UE or if the MME has received the eNB UE S1AP ID IE in an INITIAL UE MESSAGE message

	E-RAB SETUP/MODIFY/RELEASE
	No mention it cannot
	The MME initiates the procedure by sending an E-RAB SETUP REQUEST message to the eNB

	TRACE START
	Yes
	If no UE-associated logical S1-connection exists, the UE-associated logical S1-connection shall be established as part of the procedure. 8.10.1.1

	DEACTIVATE TRACE
	No mention it cannot
	The MME invokes the Deactivate Trace procedure by sending a DEACTIVATE TRACE message to the eNB as described in TS 32.422 [10].

	DOWNLINK S1 CDMA2000 Tunneling
	Seems no
	These procedures use an established UE-associated logical S1-connection.

	LOCATION REPORTING CONTROL
	No mention it cannot
	The MME initiates the procedure by sending a LOCATION REPORTING CONTROL message

	ERROR INDICATION
	Yes
	Can be First Response msg per clause 10

	DOWNLINK UE ASSOCIATED LPPA TRANSPORT
	No mention it cannot
	The MME initiates the procedure by sending the DOWNLINK UE ASSOCIATED LPPA TRANSPORT message to eNB.


3
Summary

Other than the DOWNLINK NAS TRANSPORT, TRACE START and the DOWNLINK S1 CDMA2000 TUNNELING messages, 36.413 does not explicitly state whether the messages listed in Table 1 can be sent as a first returned message, where a first returned message is specified in 10.6 of [2]. The “first message” has a new AP ID from the sending node and the “first returned message” is the first response message, which has a new APID from the node sending the “first returned message”.  It is not specified in the AP ID handling of 10.6 regarding types of messages allowed as first returned messages. Presumably any message can be a “first message” or a “first returned message” unless it is illogical for a Node to receive the message in its current state.
Furthermore, while the spec explicitly mentions some messages as establishing the S1-connection if it doesn’t already exist, e.g. “the UE-associated logical S1-connection is established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message”, TS 36.413 does not say for any other messages that they cannot establish the S1-connection. Our belief is that 36.413 does not prevent the MME from sending any messages after receiving the PATH SWITCH REQUEST msg, excepting if they are simply illogical in the state, e.g. an eNB on X2HO completion receiving an INITIAL CONTEXT SETUP REQUEST msg would be expected to result in an ERROR INDICATION message with e.g. cause “Message Not Compatible With Receiver State”. 
Unless explicitly not allowed, one may assume there’s no reason the spec mandates that a node buffer messages and requires inter-procedure coordination that is not necessary. Our understanding for the specs mentioning of some messages as establishing the connection (DOWNLINK NAS TRANSPORT, TRACE START, INITIAL CONTEXT SETUP REQUEST, PATH SWITCH REQUEST ACK) is as norms and further regard the few messages logically returned in response to an INITIAL UE message, i.e. the TRACE START, DOWNLINK NAS TRANSPORT and INITIAL CONTEXT SETUP REQUEST. 
This leads to the following three proposals:

Proposal #1: Agree in RAN3 that an eNB receiving messages as given in Table 1 before the PATH SWITCH REQUEST ACKNOWLEDGE msg are not incompatible with its state and add in 36.413 that the UE-associated logical S1-connection shall be established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message given the condition “If no UE-associated logical s1-connection exists”.
Our consideration regarding the DOWNLINK NAS TRANSPORT procedural section is that it was not deemed necessary to mention in section 8.6.2.2 [2] that the DL NAS TARNSPORT can also be sent before the PATH SWITCH REQUEST ACK. Further, given in sec 8.6.1 it says “If no UE-associated logical S1-connection exists, the establishment of the UE-associated logical S1-connection is initiated (and may be established) as part of the procedure”, we propose in order to avoid any possible confusion that:

Proposal #2: It is proposed to add text to indicate in the procedural section of 8.6.2.2 that the MME  may send a DOWNLINK NAS TRANSPORT message if it has received the eNB UE S1AP ID IE in a PATH SWITCH REQUEST message.
We further believe an eNB receiving a Downlink S1 CDMA2000 Tunneling message before the PATH SWITCH REQUEST ACK (when the connection is not yet established) should not result in an Error Indication message. No other procedures in [2] use the phrase “These procedures use an established UE-associated logical S1-connection”. There does not seem any reason an exception was intended for this particular message and it was likely an unnecessary oversight to add this phrase. So we propose to delete the sentence.
Proposal #3: It is proposed to delete the phrase: “These procedures use an established UE-associated logical S1-connection” for the DOWNLINK CDMA2000 TUNNELING message.
On the other hand, if instead RAN3 agrees that only the PATH SWITCH REQUEST ACKNOWLEDGE message is to be sent following the PATH SWITCH REQUEST message, then the procedural section should be updated for the TRACE START message to align with this decision. In such a case we propose to delete the sentence containing no restriction w.r.t. establishing the UE-associated logical S1-connection and add the following in the interactions with other procedures section:

Proposal #4: It is proposed to add in interactions with other procedures section that:  “If no UE-associated logical S1-connection exists following the eNB sending the eNB UE S1AP ID IE in an INITIAL UE MESSAGE, the UE-associated logical S1-connection shall be established by the eNB receiving the MME UE S1AP ID IE in the TRACE START message.”
5
Conclusion

We believe the eNB should accept any reasonable messages during handover completion after the UE connects over the air and the eNB has sent the eNB UE S1AP ID IE in a PATH SWITCH REQUEST message, including those not related to the HO procedure but due to separate procedures the MME has ready to initiate. In general, a node should only reject messages clearly illogical within its current state. Unnecessary interactions required by the spec between procedures should be avoided.  
But the current specs might be considered unclear and even misleading on whether various UE-associated messages are permitted after the PATH SWITCH REQUEST message is sent but before the PATH SWITCH REQUEST ACK msg, in particular considering the DOWNLINK NAS TRANSPORT and DOWNLINK S1 CDMA2000 Tunneling messages in [2]. To rectify this, the following proposals are made:

Proposal #1: Agree in RAN3 that an eNB receiving messages as given in Table 1 before the PATH SWITCH REQUEST ACKNOWLEDGE msg are not incompatible with its state and add in 36.413 that the UE-associated logical S1-connection shall be established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message given “If no UE-associated logical s1-connection exists”.
Proposal #2: It is proposed to add in the procedural section of 8.6.2.2 that the MME  may send a DOWNLINK NAS TRANSPORT message if it has received the eNB UE S1AP ID IE in a PATH SWITCH REQUEST message.
Proposal #3: It is proposed to delete the phrase: “These procedures use an established UE-associated logical S1-connection” for the DOWNLINK CDMA2000 TUNNELING message.
CRs have been provided in [3] if this is agreed.
On the other hand, if per the discussion in RAN3 the decision is that only the PATH SWITCH REQUEST ACKNOWLEDGE message is to be sent following the PATH SWITCH REQUEST message, a CR has been provided in [4] to confirm this based on the following proposal.

Proposal #4: It is proposed to add in interactions with other procedures section that:  “If no UE-associated logical S1-connection exists following the eNB sending the eNB UE S1AP ID IE in an INITIAL UE MESSAGE, the UE-associated logical S1-connection shall be established by the eNB receiving the MME UE S1AP ID IE in the TRACE START message.”
References

[1] 3GPP TS 36.300, Evolved UniversalTerrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description;
[2] 3GPP TS 36.413, Evolved Universal Terrestrial Radio Access Network (E-UTRAN);
S1 Application Protocol (S1AP) (Release 10)

[3]  R3-112867,  MME sending messages before the PATH SWITCH REQUEST ACK msg
[4] R3-112868,  TRACE START msg cannot be sent prior to PATH SWITCH REQUEST ACK msg
