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1. Introduction

The current assumption for initial attach is that default bearer context is established at the same time as EMM-attach procedures. This is done by concatenation of EMM & ESM messages during initial attach. While this may seem to reduce the round trip time to achieve default bearer establishment after attach, it introduces many problems such as longer time to achieve basic attach and increased error dependency of ESM and EMM layers.

In this paper, we intend to discuss these two problems and propose that this concatenation should be optional rather than mandatory.

2. Discussion

2.1
Problem 1: Longer attach time

The first impact on longer attach time is for users with CS fallback UEs. It will take a significantly larger time to initiate or receive a call/sms if the procedure would be concatenated. Additionally, there may be many users with an LTE connection that still use the network for just voice call and sms just like the majority in today's 3G networks. Why would we require that default bearer contexts be setup for these users during initial attach itself, particularly when a large number of service providers intend to start LTE with CS fallback. Such forced setup provides no flexibility for operators to cater to different kinds of users/usage. 
Lets look at the reasons for longer attach time. 

1. ESM is a higher layer procedure and requires timers to suit that layer. By concatenating EMM messages with ESM messages, we are automatically increasing the response time of attach message. The guard timer for attach is 15 seconds compared to 30 seconds for PDN connectivity request. Of course, these may increase depending on re-transmissions. An impact of re-transmissions is that for each attempt, both attach and pdn connectivity would have to be performed. This provides a worst case scenario of 150? Seconds.

2. Error due to ESM process
Currently it is not clear as to whether an ESM error will result in the re-start of attach process (including authentication). The closest text matching this case is in 24.301, section 5.2.2.1: "The state EMM-DEREGISTERED is entered in the UE, when all EPS bearers are released". This needs further clarifications as to what happens in the initial attach case. If a re-start is required, it would result in a much longer time to attach.
2.2
Problem 2: Error dependency of EMM and ESM layers
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Figure 1: Attach procedure with ESM concatenation
It is now mandated that:

1. Attach request must be sent with PDN Connectivity request

2. Attach accept must be sent with Create Default bearer request

3. Attach complete must be sent with Create Default bearer accept
At first glance, all three procedures seem logical to be concatenated together. However, this concatenation gets complicated when errors occur, particularly at ESM level.

<1> is the easier concatenation to achieve as UE is in initial states in both EMM and ESM and both requests can be sent out together. But for <2> and <3>, it gets more complicated.
Before step 5, what happens when PDN Conn request is rejected? 

Should Attach Accept be still sent concatenated with PDN Conn reject? 


Does EMM in the UE remain unaware of ESM error?


If so, should UE proceed to attached state despite PDN Conn reject?



In this case, UE gets attached without default bearer context.

If not, should attach request be rejected?
In this case, EMM should be aware of ESM error, and therefore a new error cause needs to be specified for attach reject. In this case, if the error can be rectified, attach process has to be re-started including authentication process.
Summarizing the above questions, there can be two ways in which EMM handles moving to registered state when an ESM error occurs. 

Option 1: EMM ALWAYS receives attach accept with Create Default Bearer Context Request. If EMM does not receive these two messages together, EMM cannot go to registered state. E.g: If PDN Connectivity reject is sent or no ESM message is received, EMM cannot go to registered state.

Effect: Error in ESM would result in re-initiation of attach procedure. 

Option 2: EMM receives attach accept alone, or concatenated with Create Default Bearer request or concatenated with PDN connectivity reject. In this case, EMM moves to registered state, but waits for "some time" while it gets confirmation of ESM layer success. This wait results in a requirement of a new state in EMM where EMM may be in registered state but waits for default bearer context success message from ESM layer.

Current text seems to point towards option 1. We prefer Option 2 as re-starting attach process due to error in default bearer context creation is highly redundant.

# Similar dependencies can be imagined when Create Default Bearer Req is rejected for some reason by the UE-ESM. 

2.3
Requirement analysis
Clearly, the EMM-ESM concatenation creates a huge portion of work for vendors. This concatenation creates stronger and possibly avoidable dependencies between the currently independent and clearly understood (behaviour-wise) protocols of mobility management and session management. Let us first draw out the justifications so far for this concatenation.

Requirement 1: Reduce number of uplink messages required to achieve attach + default bearer establishment 
Requirement 2: "Force" UE to have default bearer context "as soon as" it is attached to the network
For requirement 1, we feel that concatenation is nice to have but should not be mandatory. This can be implemented as an option for vendors who may choose to concatenate or not. One such way of doing this is to wait a limited amount of time at EMM for the ESM message. If the ESM message arrives before this time, concatenation can be done. If not, the EMM message is sent independently. The details of this procedure, please see section 2.4.
For requirement 2, we prefer the "as soon as" to rather be "when required by the operator or UE". Whether UE should have default bearer context as soon as it is attached should be an operator preference. Some operators may prefer to provide default bearers immediately while some operators may prefer to provide when the UE actually needs it, especially in CS fallback case when basic voice services don’t need default bearer context (data to be sent or received). For example, with CS fallback users can still make and receive sms while attached to E-UTRAN thus providing basic service to the user without the need for a default bearer context.
2.4
Proposal

In order to stay true to the requirements, we propose that we make concatenation for the attach case optional rather than mandatory. This can be implemented in the EMM (in UE & MME) by using internal timers which can cover the above two requirements.  We shall examine three cases: case 1 when concatenation is done, case 2 when ESM messages could/need not be concatenated and are sent independently, case 3 when ESM procedures cannot be completed successfully within a time window.
2.4.1
Case 1: Successful attach case where concatenation can be achieved
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Figure 2: Proposed attach sequence with optional concatenation and timer for new state "IP attach"

The first timer is a concatenation timer that EMM triggers which is used to wait a limited amount of time for an ESM message to concatenate. For example, at step 7A, a timer T1 is started by EMM that will wait for an ESM response. In this case, an ESM response is received before the expiry and concatenation is possible. If ESM message is received after the expiry of the timer, the EMM message is sent independently without any concatenation and normal NAS procedures will be used to send the Create Default Bearer Request message. The advantage of this timer is that while it allows quicker attach if the operator requires it (by keeping a shorter timer), it also allows concatenation if the operator absolutely needs it (by keeping a longer timer).
The second timer that may be used is the "Default Bearer Setup" timer. This timer is triggered by EMM to provide a window within which it expects the default bearer context to be established. This timer is also set by the operator. This timer allows the ESM procedures to be carried out independently of the attach procedures. For example, it can be specified that once the UE is attached (i.e UE attach request is accepted by the network), the MME shall start a timer within which it expects a completion of default bearer context activation (receiving create default bearer accept?). This allows some breathing space for the slower ESM process to complete the default bearer context activation. For example, if there was an error in initial context establishment, the UE can always restart the pdn connectivity procedure as long as it can finish the default bearer establishment before the expiry of this timer. It can be observed that the UE-MME signalling in the successful case (figure 2) looks like the concatenation case of figure 1. So, with the network working as expected, we can achieve concatenation.

2.4.2
Case 2: Successful attach case with ESM responses sent independently
In the following figure 3, we see at step 7B, that when EMM timer T1 for ESM response expires (possibly due to longer than usual time taken for pdn connectivity request processing at network), attach accept is sent independently and attach is completed at step 16 itself. At this step, UE is attached to network and ready to make/receive sms/calls/LCS/etc (all non-EPS services). ESM procedures continue on independently and are completed within the expiry of the Timer T3 (Timer for Def Bearer Context Setup) and the UE gets successfully IP attached.
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Figure 3: Case of Successful attach with ESM procedure performed independently
2.4.3
Case 3: Unsuccessful attach case when ESM procedure cannot be completed within expiry of ESM procedure timer 
In case 3, we see that the timer in EMM (T3: Def Bearer Context Setup timer) expires (step 8B), EMM initiates detach procedure as the ESM procedures could not be completed. 
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Figure 4: Unsuccessful attach case when ESM procedures cannot be completed within time

3
Summary
Issue 1: Handling of EMM and ESM message transmission during initial attach
Forced concatenation policy
pros:

· Reduces number of round trips required to achieve attach + default bearer context activation from 2 to 1
· UE gains IP access as soon as it is attached 


Cons:

· Increases time to attach to network, may cause large delay for CS fallback users to be reached by network (CS call, sms, LCS, etc)
· increases dependency between EMM and ESM layers, particularly in the handling of errors
· increases the states involved in the state machine for EMM (e.g. wait for ESM message indefinitely, check for success or failure of ESM message, etc)
Flexible concatenation policy

Pros:
· Reduces time to attach to network (faster access to basic services for users)
· eliminates dependency between EMM and ESM procedure, with limited dependency of EMM state on ESM state
Cons:

· None (since functionality already exists for sending EMM-ESM messages independently)
We feel that the pros of forced concatenation policy compared to its cons do not warrant the change that they demand. The requirements that forced concatenation seem to cater to can easily be solved by using the flexible concatenation policy. 
Sub-issue: Handling of EMM attach accept when ESM error occurs during initial attach
We can handle this by either re-starting Attach procedures when ESM error occurs or creating a "wait state" in EMM while ESM procedures are completed. The former magnifies the "longer attach" problem and negates the savings achieved by concatenating.
4
Conclusion
Based on the arguments made above, we seek the following clarification in P-CR C1-082337
1. Handling of EMM and ESM message transmission during initial attach

· Only initial request messages (Attach request & PDN Connectivity request) HAVE to be concatenated. Other messages of EMM attach and ESM default bearer establishment MAY be concatenated.

2. Handling of EMM attach accept when ESM error occurs during initial attach

· EMM moves to registered state or "registered state-wait" after receiving attach accept. This "registered state" is in wait status till ESM layer confirms success regarding default bearer context establishment. Once this wait is over and no confirmation about success is received, the MME shall initiate detach procedures.
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