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1
Introduction

At WG2#73bis it was decided that, under the study item ‘RAN Improvements for Machine-type Communications’ Enhanced Access Barring (EAB) would be added to both UMTS and LTE in Rel-11. At WG2#74 several principles for EAB implementation were agreed but there remain a number of open issues. 
In this contribution we address the interface between NAS and AS in respect of EAB and how EAB could be implemented within the existing system information structures. 
2
Discussion
At WG2#73bis it was decided to include Enhanced Access Barring (EAB) in Rel-11for both UMTS and LTE. At WG2#74 it was decided that EAB parameters would be broadcast on BCCH and that somehow a UE would know that, for certain RRC connection establishments, the UE should apply EAB and for others it should not. 
It’s already an agreement at SA level that, even though EAB is mainly an AS level feature, it can be triggered to cope with either access or core level congestion.

The usefulness of EAB in case of CN congestion depends on the architecture of the serving network. If flex-Iu is supported and the load can be shared between different CN nodes, then it is probably better to allow the UEs to attempt to access, serve the ones that the network can handle and reject with back-off timer all other (low priority) requests. However, if load sharing between CN nodes is not possible or all nodes are congested, then EAB is may be a more efficient way to reduce the load than rejecting uplink requests.

Hence, an assumption that EAB is an AS specific solution is not correct, since EAB can be triggered to protect eNodeB or MME from overload.

Proposal 1: The application of EAB takes place in AS, however it can be triggered to cope with AS or NAS level congestion.
2.1
Trigger for applying EAB in the UE
For Rel-10 it is understood that there is a one to one mapping between UE possession of the attribute ‘low priority’ and NAS assignment of the establishment cause ‘delay tolerant’ excepting for the case of emergency calls. For Rel-11 it is understood that the attributes ‘EAB applies’ and ‘low priority’ can be separately configured at the NAS level [3], [4]. 
This raises the question of how ‘EAB applies’ might be transferred to AS and what, if any, is the relationship to use of the establishment cause ‘delay tolerant’. Another issue that may need to be considered is whether the UE’s AS is always aware that EAB applies to its access request or is only aware when it receives an RRC connection request is received from NAS. 

This may have relevance to whether the UE receives a certain SIB (i.e. if EAB parameters are contained in a dedicated SIB) or responds to paging (i.e. if the page indicates EAB parameter change rather than general system information change). 

If the UE’s AS is aware that EAB could apply or that it will never apply then it could use this to selectively receive/ not receive and store EAB parameters.

For example one of the following might apply:-

· Option 1: 

· Sometime before a connection establishment request is triggered, NAS indicates to AS an ‘EAB applies’ indication. 

· The establishment cause could be, but need not be, ‘delay tolerant’.  

· If ‘EAB applies’ is indicated, then the UE applies EAB procedures (if broadcast) otherwise it applies ACB procedures

· Option 2: 
· When a connection establishment request is triggered, NAS indicates to AS both an unconstrained establishment cause and an ‘EAB applies’ indication (emergency calls excepted). 
· The establishment cause could be, but need not be, ‘delay tolerant’.  
· If ‘EAB applies’ is indicated, then the UE applies EAB procedures (if broadcast) otherwise it applies ACB procedures. 
· Option 3: 
· When a connection establishment request is triggered, NAS indicates only an establishment cause to the AS.
· There is more than one establishment cause for which EAB is applied. 
· These establishment causes are captured in the RRC specification and used as a trigger for EAB (if broadcast) procedures to be applied. 
· The establishment cause list would include ‘delay tolerant’. Any other causes would need to be identified.
In order to progress with stage 3 work, it will be necessary to clarify what form the interface between NAS and AS will take in relation to EAB. Although we are still working on the study item it is suggested that it could be useful at this time to ask SA2 what form they expect this interface to take.

Proposal 2: Send an LS to SA2 (including CT1) for clarification on how EAB applicability will be indicated to RRC. 
Furthermore, it is understood that the application of EAB barring can be applied to one of three mutually exclusive categories (a) to (c). They are:-

(a) All UEs configured for EAB.

(b) UEs that are configured for EAB and are neither in their HPLMN nor in a PLMN that is equivalent to it.

(c) UEs that are configured for EAB and are neither in the PLMN listed as most preferred PLMN of the country where they are roaming in the operator-defined PLMN selector list on the SIM/USIM nor in their HPLMN nor in a PLMN that is equivalent to it.

Which use case applies to the RRC Connection Request would also have to be transferred to RRC to enable it to decide whether EAB procedures should be applied.

The proposed LS to SA2 could ask whether NAS will pass the category to AS with any EAB related configuration or RRC connection request.

2.2
Implementing EAB in LTE and UMTS

Access-barring mechanisms are already supported in LTE and UMTS for other functions and it could be viewed as sensible to adopt similar procedures for EAB where possible. 
At WG2#74 it was agreed that EAB information would be broadcast on BCCH. In the following it is assumed that broadcast EAB parameters are updated using the normal system information change procedures. 
Case of LTE

In the case of LTE each of the existing access barring procedures has associated with it a probability factor; a barring time and a special AC bitmap e.g. for ‘mobile originating calls’ [1]. The combination of probability factor and barring time enables the eNB to either bar all UEs (that have the attribute for which barring is being applied) or to distribute the access attempts in time thereby reducing the potential peak load on the eNB’s resources. This appears to be perfectly suited to the requirements of access network overload protection (RACH, PDCCH or RRC) and it is proposed that the parameters probability factor and barring time and the way that they are used to administer when the UE is barred and not barred should also be adopted for EAB. 
The existing mechanism also indicates barred/ not barred to NAS with timer T303 counting down the time between the UE being barred and not barred. It should be considered whether a separate timer operating independently of T303 and indication of EAB barred/not barred to NAS independent from the existing barred/not-barred indication to NAS should be supported. This must depend upon whether there is a use case for a UE being able to make non-EAB applicable calls whilst EAB barred. 
The proposed LS to SA2 could also ask them to clarify if a separate EAB barring indication is intended.
EAB is not applied to ACs 11 to 15 and so the special AC bitmap that is associated with other LTE barring cases will not be needed, however, because EAB can be selectively applied to one of the three use cases (a), (b), (c) above it will be necessary to introduce an IE into the EAB signalling on BCCH to indicate which is being applied.
A straightforward way would be to adopt the existing LTE barring time range for EAB, which has a maximum value of 512s. However, as UEs applying EAB could be expected to have longer barring times than ACB UEs, EAB might be expected to function in a similar way to eWaitTimer (i.e. to distribute the access requests over a longer time).  Therefore something longer such as 0.5h for the maximum eWaitTimer value could be used,  
Proposal 3: The EAB mechanism adopted for LTE should be based on the use of a probability factor and a barring time parameter signalled on BCCH. The use of the probability factor and barring time should be the same as that used with the existing access barring procedures. Also:-

-
The parameter ranges for the probability factor and barring time could be the same as those that are used for the existing barring mechanisms. 
(Barring time may need to be longer (e.g. same as eWaitTimer). 
-
There is no requirement for the special AC bitmap.

-
A new IE to indicate which of the categories (a), (b), (c) applies is required.

-
It could be considered whether T303 should be applied to EAB or whether a new EAB specific timer and a new EAB barred/ not barred indication to NAS is required.
A further issue is how the EAB parameters should be broadcast, in SIB2 or a new SIB dedicated to EAB. SIB2 already contains parameters for all of the existing barring procedures and adding EAB would only require of the order of 10 bits. Introducing a new SIB would add to the overhead of SIB transmission and because of the small payload the overhead could be viewed as relatively high. 
Using a separate SIB could be more useful if it prevented non EAB UEs from having to receive SIB2 when not needed but this does not appear relevant in the case of LTE i.e. because there is only one value tag covering all system information. It therefore seems preferable to add EAB to SIB2 rather than incur the overhead of adding a new, EAB specific, SIB.

Proposal 4: For the case of LTE, EAB parameters should be included in SIB2.

Case of UMTS

In the case of UMTS, each of the existing access barring procedures has associated with it an AC bitmap that indicates which of the ACs 0 -15 is barred or unbarred [2]. The NB can control the rate at which EAB UEs attempt to use the RACH by barring a subset of the access classes. Fairness can be achieved by changing the ACs that are barred from time to time via the system information change procedure. There is no use of probability factors or barring times. 

It is possible to consider two approaches to the inclusion of EAB into UMTS, one would be to adopt the existing UMTS method based on a barred/ not barred AC bitmap, however this time shortened to 10 bits because ACs 10-15 are exempt from EAB, the second would be to adopt the LTE method based on a probability factor/ barring time. 
Whilst adopting the LTE method may provide better distribution in time, it would require the introduction of new functionality into UMTS and co-existence with the existing barring methods and UEs may become complex. On balance it is suggested that the existing UMTS method should be adopted for EAB for simplicity.

In summary it is proposed that:-

Proposal 5: The EAB mechanism adopted for UMTS should be based on the broadcast of an AC barred/ not barred list IE similar to that used for existing UMTS access barring. Also:-
-
The IE need only contain 10 bits, representing ACs 0 -9. There is no requirement for the bitmap to include ACs 10 – 15.

-
A new IE to indicate which of the categories (a), (b), (c) applies is required.

It may also need to be considered how it interacts with the other barring methods (PPAC, DSAC). Our assumption is that EAB overrides any other existing barring. 
In UMTS access barring information is broadcast in SIB3. To add EAB will require of the order of 14 additional bits per use case. 
There may be an advantage in using a new EAB specific SIB if many UEs will be aware that EAB will not apply to them and hence they need not receive the new SIB whereas if SIB3 were to be reused they would re-acquire it each time the SIBs value tag changes. 
However, adding a new SIB would increase the overhead of system information transmission and may complicate scheduling. On balance it is suggested that it may be preferable to include EAB parameters in SIB3/4.
Proposal 6: For the case of UMTS, EAB parameters should be included in SIB3/4.
3
Conclusion

In this contribution, we have considered the EAB related interface between NAS and AS and the signalling of EAB parameters on BCCH (assuming normal system information update procedures apply). The following proposals are made:-
Proposal 1: The application of EAB takes place in AS, however it can be triggered to cope with AS or NAS level congestion.
Proposal 2: Send an LS to SA2 (including CT1) for clarification on how EAB applicability will be indicated to RRC. 
Proposal 3: The EAB mechanism adopted for LTE should be based on the use of a probability factor and a barring time parameter signalled on BCCH. The use of the probability factor and barring time should be the same as that used with the existing access barring procedures. Also:-

-
The parameter ranges for the probability factor could be the same as those that are used for the existing barring mechanisms. 

- 
Barring time could be the same as what set for ACB or eWaitTimer. 

-
There is no requirement for the special AC bitmap.

-
A new IE to indicate which of the categories (a), (b), (c) applies is required.

-
It could be considered whether T303 should be applied to EAB or whether a new EAB specific timer and a new EAB barred/ not barred indication to NAS is required.

Proposal 4: For the case of LTE, EAB parameters should be included in SIB2.

Proposal 5: The EAB mechanism adopted for UMTS should be based on the broadcast of an AC barred/ not barred list IE similar to that used for existing UMTS access barring. Also:-

-
The IE need only contain 10 bits, representing ACs 0 -9. There is no requirement for the bitmap to include ACs 10 – 15.

-
A new IE to indicate which of the categories (a), (b), (c) applies is required.

Proposal 6: For the case of UMTS, EAB parameters should be included in SIB3/4.
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