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1. Introduction
This paper proposes several alternatives for the NAS message concatenation mainly for establishment of multiple EPS bearers.
2. Motivation of the concurrent multiple EPS bearer setup.
There are several use cases when the concurrent multiple EPS beaerer establishment is required or beneficial.

· As per SA2 requirement, during the attach procedure, dedicate EPS bearers can be set up together with a default bearer.
· An appliciation like multimedia telephony may trigger multiple EPS bearer with different QoS characteristics simulatenoursly (e.g. one for audio and the other for video).

· When a UE moves from non-3GPP access to E-UTRAN, multiple EPS bearers may be established for the service data flows used by the UE in the non-3GPP access.

The simplest way would be to set up the EPS bearers serially, i.e. an MME sends a serise of S1-AP messages to set up SAE bearer. But this is sub-optimal resulting in multiple RRC transactions.

Note that the S1-AP messages and RRC messages are already supporting concurrent establishment of multiple radio bearers in a single message exchange. The only missing part is how to send multiple ESM messages with a single S1-AP and RRC messages. 

Also it should be considered how to handle the case when part of the EPS bearers fail to set up due to e.g. access control at the eNB.  
3. Multiple NAS PDUs in S1-AP and RRC messages

3.1 message format

One way to achieve the goal is to put multiple NAS PDUs to the S1-AP and RRC message. Each NAS PDU contains a single NAS message with its own security header and sequence number. Note that both S1-AP protocol and RRC protocol use ASN.1 coding, and it is easy to define a list type of IE.

The followings show the two possible message format of list of the NAS PDUs in the tabular format of S1-AP protocol.

Alternative 1)

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

	NAS Transport list
	M
	
	
	
	YES
	reject

	>NAS Transport item IE
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	reject

	>> NAS-PDU
	M
	
	9.2.3.5
	
	YES
	reject


Alternative 2)

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

	NAS Transport list
	M
	
	
	
	YES
	reject

	>NAS Transport item IE
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	reject

	>> SAE bearer ID
	M
	
	9.2.1.2
	Linking the NAS PDU with the SAE bearer to be Setup item IE. 

0 is used for the NAS PDU which is not related to the SAE bearer.
	-
	

	>> NAS-PDU
	M
	
	9.2.3.5
	
	YES
	reject


The alternative 1 is a simple list of the NAS PDU, while the alternative 2 has an additional IE of the SAE bearer ID in the each entry of the list together with a NAS PDU.

3.2 handling of partial failure of EPS bearer setup
For the alternative 1, the following steps can be used to properly handle the situation when some of the EPS bearers fail to set up due to e.g. access control at the eNB.

1. the eNB shall forward the NAS PDUs to the UE with the RRC message setting up the new radio bearers. The eNB also report the partial failure of the EPS bearer setup to the MME, so that the MME can release the resources allocated to the failed EPS bearers.

2. UE’s RRC layer forwards the NAS PDUs to the UE’s NAS layer together with the radio bearar status update.

3. UE’s ESM layer checks the radio bearer status and discards the Activate EPS bearer setup request messages that do not have active radio bearers (i.e. failed EPS bearers). 

Similar procedure can be used when a radio bearer is rejected by the UE’s RRC layer. 

The alternative 2 allows more efficient handling of the case by using the SAE bearer ID IE in the NAS Transport list. When the eNB cannot set up a radio bearer, then eNB do not send the UE the NAS PDU associated to the failed radio bearer. This reduces radio resource overhead and makes the UE ESM layer simpler.

4. NAS level concatenation
4.1 message format

Another way to achieve concurrent multiple EPS bearer establishment is combine multiple NAS messages in the NAS level.
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The concatenated NAS message has one security header for the whole combined NAS messages with the common sequence number and the message authentication code.

It defines a new EMM message for NAS message concatenation, called EMM container message. When mutliple NAS messages needs to be sent concurrently, this EMM container message is placed as the first NAS message but the security header. It contains the IEs for the number of concatenated NAS messages and the length of each message, so that the receiving peer can retrieve the NAS messages. Once each message is retrieved, they can be processed independantly.
4.2 handling of partial failure of EPS bearer setup
The same procedure to the alternative 3 is applied for the handling of the partial EPS bearer setup failure.

1. the eNB shall forward the NAS PDU containing the concatentated NAS messages to the UE with the RRC message setting up the new radio bearers. The eNB also report the partial failure of the EPS bearer setup to the MME, so that the MME can release the resources allocated to the failed EPS bearers.

2. UE’s RRC layer forwards the NAS PDU to the UE’s NAS layer together with the radio bearar status update.

3. UE’s ESM layer checks the radio bearer status and discards the Activate EPS bearer setup request messages that do not have active radio bearers (i.e. failed EPS bearers). 

5. Conclusion

In order to support the concurrent multiple EPS bearer setup, we propose to several methods to combining multiple NAS messages.  We ask the CT1 to discuss these alternatives and decide the way forwards.
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