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1 Introduction

As described in [1], the EPS Bearer Context Deactivation procedure is used by the MME to deactivate an EPS bearer context or deactivate all EPS bearer contexts to a PDN (i.e. disconnect the UE from the PDN).  If the MME initiates the EPS Bearer Context Deactivation procedure and a NAS signalling connection exists, the MME sends the NAS: DEACTIVATE EPS BEARER CONTEXT REQUEST message which includes the EPS bearer identity of either a dedicated bearer or the default bearer.
The EPS Bearer Context Deactivation procedure can be triggered by receipt of the S11: DELETE BEARER REQUEST message from the S-GW, as described in [2].  The message includes one of the IEs shown in Table 1.
	Information elements
	Condition / Comment

	Linked EPS Bearer ID (LBI)
	If the request corresponds to the bearer deactivation procedure in case all bearers belonging to a PDN connection shall be released, then this IE shall be included to indicate the default bearer associated with the PDN being disconnected.

This IE shall be included only when the Bearer Contexts is not present in the message.

	EPS Bearer IDs
	This IE shall be used for bearers different from the default one. In this case at least one bearer shall be included.

Several IEs with this type and instance values shall be included as necessary to represent a list of Bearers.

Used for dedicated bearers. When used, at least one dedicated bearer shall be present

	[…]
	


Table 1: Information Elements in S11: DELETE BEARER REQUEST message
From the description of the EPS Bearer IDs IE, it is clear that multiple dedicated bearers (but not the default bearer) can be released with a single S11: DELETE BEARER REQUEST message.  This means that multiple NAS: DEACTIVATE EPS BEARER CONTEXT REQUEST messages can be triggered simultaneously for a given UE.
When the MME receives an S11: DELETE BEARER REQUEST message, it initiates the release of a EPS bearer and E-RAB simultaneously by sending the S1: E-RAB RELEASE COMMAND message to the eNB.  The message includes the following IEs:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	[…]
	
	
	
	
	
	

	E-RAB To Be Released List 
	M
	
	E-RAB List 

9.2.1.36
	a value for E-RAB ID shall only be present once in E-RAB To Be Released List IE
	YES
	ignore

	NAS-PDU
	O
	
	9.2.3.5
	
	YES
	ignore


Table 2: Information Elements in S1: E-RAB RELEASE COMMAND message

As shown in Table 2, the S1: E-RAB RELEASE COMMAND message can contain multiple E-RAB identities but only a single NAS PDU.  Therefore, it is unclear how the MME handles an S11: DELETE BEARER REQUEST message that triggers the release of multiple dedicated bearers (but not the default bearer), since multiple NAS PDU are not supported in the S1: E-RAB RELEASE COMMAND message.
2 Multiple NAS PDU during bearer release
A single S1: E-RAB RELEASE COMMAND message can support the following two cases:

1. Release of a single bearer, where E-RAB List IE contains a single E-RAB ID and the NAS-PDU IE contains the NAS: DEACTIVATE EPS BEARER CONTEXT REQUEST corresponding to the E-RAB.
2. Release of all bearers for a PDN, where the E-RAB List IE contains all of the E-RAB IDs and the NAS-PDU IE contains the NAS: DEACTIVATE EPS BEARER CONTEXT REQUEST corresponding to the default bearer.
The signalling flow is shown in Figure 1.
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Figure 1: Signalling flow for release of a single bearer, or all bearers to a PDN
However, if the MME receives an S11: DELETE BEARER REQUEST message that requests the release of multiple dedicated bearers (i.e. contains the EPS Bearer IDs IE that includes X dedicated bearers, where X > 1), then the MME must send a separate S1: E-RAB RELEASE COMMAND message to the eNB for each of the X dedicated bearers being released as shown in Figure 2 (where X = 3).  Each message includes the E-RAB ID of one of the dedicated bearers in the E-RAB To Be Released List IE, and its corresponding NAS message in the NAS-PDU IE.
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Figure 2: Signalling flow for release of multiple, but not all, bearers (example: X = 3): current S1AP
Figure 2 assumes that the eNB supports parallel RRCConnectionReconfiguration transactions (up to 4 allowed by [3]), which enables the eNB to process up to four S1: E-RAB RELEASE COMMAND messages in parallel.  This is an optional capability of the eNB, so alternative implementations may send the three RRC messages in serial.  Other implementations are also possible.
As can be seen in figure 2, release of multiple (but not all) dedicated bearers is unnecessarily complex, inefficient, and prone to error over the radio interface.  It would be advantageous (and aligned with RRC and S11) to be able to release multiple (but not all) dedicated bearers with a single message.    
If the S1AP was changed to enable the MME to release all X dedicated bearers using a single E-RAB Release procedure, then the MME would send a single S1: E-RAB RELEASE COMMAND message to the eNB, containing the E-RAB IDs of all X dedicated bearers in the E-RAB To Be Released List IE and all of the X corresponding NAS messages in the NAS-PDU List IE (new).  This signalling flow is shown in Figure 3.
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Figure 3: Signalling flow for release of multiple, but not all, bearers (example: X = 3): modified S1AP
3 Discussion and conclusions

When releasing multiple (but not all) dedicated bearers, the current S1AP requires a separate E-RAB release procedure for each dedicated bearer being released.  This has the following drawbacks:
· Requires multiple RRC transactions (e.g. one per NAS PDU), even though the RRC: RRCConnectionReconfiguration message is capable of carrying all of the NAS PDU;
· For some eNB implementations, release of X dedicated bearers will take X times longer than releasing either a single dedicated bearer or all bearers to a PDN which may impact timer settings (e.g. at S-GW);
· Inconsistent with the E-RAB Setup and E-RAB Modify procedures, which allow multiple NAS PDU in the S1: E-RAB SETUP REQUEST and S1: E-RAB MODIFY REQUEST messages respectively.
It is therefore proposed to modify the S1: E-RAB RELEASE COMMAND message structure, to allow for a list of NAS PDUs which can be included for each E-RAB ID in the E-RAB List IE.  At the same time, at least one NAS PDU is made mandatory (previously optional).  This change has isolated impact since it affects only the S1AP E-RAB Release procedure (the functionality is already supported by RRC).

The CR can be found in R3-091257.
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