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1
Introduction
The issue of congestion control for Enhanced 1xCS Fallback (e1xCSFB) traffic was discussed in RAN2#68.  3GPP2 TSG-C has also been considering the issue, and has sent an LS to RAN2 on the topic [1].
In the LS, 3GPP2 TSG-C has identified 3 potential solutions and has requested RAN2 to identify its preference.  This paper discusses the 3 solutions that have been short-listed by 3GPP2 TSG-C, and recommends a way forward.
2
Discussion
In LTE deployments where the 1xCS domain is reused for CS services (e.g. voice), it is desirable for the UE to camp on LTE in order to achieve fast establishment of PS services, and fallback to the 1xCS domain only when necessary.
However, during periods of high call volume (e.g. during a crisis or special event), voice call requests can overwhelm the 1xCS infrastructure even while the service quality in the LTE network is not affected.  In such a situation, it is important for the operator to have the ability to control 1xCSFB traffic (e.g. block non-emergency calls) while maintaining the best possible level of LTE service.
Because Enhanced 1xCS Fallback (e1xCSFB) traffic is tunnelled via the E-UTRAN, it bypasses the existing 1x congestion control mechanisms.  3GPP2 TSG-C has identified 3 potential solutions in [1], which have the following characteristics in common:
1. MO calls can be restricted, without restricting emergency calls or LTE service requests in general;
2. cell-level congestion control is possible; and
3. all are eNB-based (e.g. eNB must be aware of 1xCS congestion status).
All 3 solutions would require some scheme to change the configuration or the ACB parameters in the eNB according to 1xCS network congestion. When the 1xCS network is overloaded, the operator activates congestion control function to control the number of 1xCSFB access attempts. After 1xCS overload condition is alleviated, the operator deactivates the function to return to normal operation. These operations could be done through semi-static configuration (e.g. once activated, they typically do not change during the period of the crisis or special event) or manual update (e.g. an operator monitors 1xCS congestion and dynamically updates eNB configurations through E-UTRAN O&M commands) depending on each operator’s policy.

In the subsections below, the 3 solutions are further analyzed and compared.
2.1 Solution 1: Access Class Barring via SIB8

This solution is described in [3], and introduces new Access Class Barring (ACB) parameters in SIB8 which apply only to UE-initiated e1xCSFB traffic.  It is functionally similar to LTE access class barring (i.e. ac-BarringInfo in SIB2), except:

1. The access class barring factor is determined by parameters and formulas that are re-used from the 1xRTT persistence value P (see [4]), where the value of P for a particular UE depends on the UE’s AOC (0-9 are grouped together, while 10 through 15 each have separate values) and the type of request being sent (message, registration, emergency origination, or other request).
2. The access barring time is not signalled (UE behavior when access is barred would be described in 3GPP2 specifications).
Pros:
· UE remains camped on the LTE network until it is able to successfully initiate the MO call (no disruption to user’s LTE data services).
· When the UE determines that access is barred, the e1xCSFB request is suppressed in the UE (no RRC connection is established for UE in RRC_IDLE state).

· Congestion control can also be applied to SMS and 1x pre-registrations.

Cons:

· Addition of new parameters to SIB8 (which the UE simply passes to CDMA2000 upper layers).
2.2 Solution 2: Access Class Barring via dedicated message
This solution introduces the same new ACB parameters as Solution 1, but the parameters are unicast by the eNB in the mobilityParametersCDMA2000 IE of the HandoverFromEUTRAPreparationRequest message during the e1xCSFB procedure (see section B.2.3a of [2]).

The UE initiates the 1xCSFB attempt as normal by sending the Extended Service Request, but upon receiving the HandoverFromEUTRAPreparationRequest message it checks for the presence of ACB parameters.  If ACB parameters are present and the call is mobile originated, the UE performs the ACB test as in Solution 1.  If the ACB test fails, the UE “aborts” the call attempt, e.g. from the UE perspective the call flow ends.  From the eNB perspective, the ULHandoverPreparationTransfer message is not received (timer expires), so an eNB implementation may assume that the UE has failed an ACB test and send the UE CONTEXT RELEASE REQUEST message to the MME with an appropriate cause value.
Figure 1 illustrates the e1xCSFB congestion control according to Solution 2, where the UE determines that access to the cell is barred after receiving ACB parameters in step 6.  This is in contrast to solution 1, where the UE would determine that access to the cell is barred prior to step 3 and thus avoid sending the Extended Service Request.
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Figure 1: Solution 2 – UE is barred
Pros:

· UE remains camped on the LTE network until it is able to successfully initiate the MO call (no disruption to user’s LTE data services).
· Congestion control can also be applied to SMS and 1x pre-registrations, assuming the UE sends a CSFBParametersRequestCDMA2000 and receives a CSFBParametersResponseCDMA2000 message prior to transmitting an SMS or 1x pre-registration (which may be necessary anyway, in order to receive a fresh RAND value for 1x authentication).
Cons:

· For a call attempt that ends up being barred (typical case when congestion control is activated): 
· LTE radio and network resources are needlessly consumed by each and every UE making MO calls (e.g. UE in RRC_IDLE state establish RRC connections and waste control plane resources). Furthermore, each UE may repeatedly initiate MO calls through e1xCSFB-related requests.

· A typical eNB implementation may block handovers while a 1xCSFB procedure is in progress, so delay at step 8 waiting for the ULHandoverPreparationTransfer message to timeout can contribute to RLF.  Therefore, it may be necessary to introduce explicit RRC signaling from the UE if the ACB test fails, in order to terminate the 1xCSFB procedure (RAN2 impact).
· Unnecessary measurement reporting in step 5. 
· RAN3 specification impacts:

· New S1AP message may be needed, to indicate to MME that 1xCSFB has failed (without releasing UE context)

· New cause value may be needed for UE CONTEXT RELEASE REQUEST message (if UE context release is desired), since failure to receive the ULHOInfoTransfer message during the e1xCSFB procedure is no longer an error case.
2.3 Solution 3: CS Fallback to 1xRTT (“R8 CSFB”)
This solution is described in section B.2.2 of [4].  When e1xCSFB congestion control is enabled in the eNB and the eNB receives an S1 Initial Context Setup Request (or S1 UE Context Modification Request) with CS Fallback Indication, the eNB performs R8 CSFB procedures rather than e1xCSFB procedures.  The UE is redirected to the 1xCS network and re-initiates its MO call over the 1xRTT R-ACH, subject to the native 1xCS congestion control mechanisms.  From the eNB perspective, the result is a successful R8 CSFB.
Figure 2 illustrates the e1xCSFB congestion control according to Solution 3, where the UE determines that access is barred after being redirected to the 1xCS network in step 11.  This is in contrast to solution 1, where the UE would determine that access to the cell is barred prior to step 3 and thus avoid sending the Extended Service Request.
If the UE determines that access to the 1x cell is barred, then depending on UE implementation it may remain camped on 1xRTT or reselect back to LTE and perform steps 12 to 15.

[image: image2.emf]1xCS 

CSFB

UE

E-

UTRAN

MME

1 xCS

IWS

1 xRTT

MSC

1 .  UE is E-UTRAN attached and registered with  1 xRTT CS

UE indicates that it supports enhanced  1 xCSFB procedure

11 .  1 x MO call  barred per 

3GPP2 Specifications;

UE decision to reselect 

back to LTE

.  -

4.  S1  Initial Context  Setup 

Request

3.  Extended  Service Request

S-GW

5.  Optional measurement report  

solicitation

7.  S1  UE Context Release 

Request

8.  Suspend Request

9.  Suspend Request Ack

10.  S1  UE Context Release

2.  UE decision 

to perform MO 

call in  1 xCS

6.  E-UTRAN triggers RRC connection 

release with redirection

12.  Service Request

13.  Resume Request

14.  Resume Request Ack

1 5.  Handling NAS message

16.  1 xRTT CS registration request

16a.  UL Information

Transfer

16b.  UL S1  cdma2000

Tunnelling

16c.  S102  Direct Transfer

18.  1 xRTT CS registration response

18c.  DL Information

Transfer

18b DL S1  cdma2000

Tunnelling

18a.  S102  Direct Transfer

17.  Location update to  1 xRTT CS 

domain

 


Figure 2: Solution 3 – UE is barred and reselects back to LTE
Pros:

· No impact to LTE specifications.

Cons:

· For a call attempt that ends up being barred (i.e. access on 1x R-ACH unsuccessful due to 1x congestion control):
· LTE radio and network resources are needlessly consumed (e.g. UE in RRC_IDLE state establish RRC connections and waste control plane resources).
· UE undesirably transitions out of the LTE network and EPS bearers are suspended (user’s LTE data services are disrupted for at least several seconds, or longer if the UE remains camped on 1xRTT for call retries). 

· Based on UE implementation, the UE may reselect back to LTE and later reinitiate the 1xCSFB request, ping-ponging between LTE and 1xCS networks (repeated disruption of LTE services).

· Upon reselecting back to LTE, the UE must perform TAU or Service Request to resume EPS bearers, and also perform 1x power up registration (a 1x requirement whenever the UE transitions to/from LTE from/to 1x, in order to receive pages).
· If the UE is initially barred from making an MO call on 1x and remains camped on 1x (e.g. to retry), then it must perform power up registration in 1xCS network.

· The UE may still initiate 1x registrations and SMS which will be tunneled via S102 to the IWS; Solution 3 cannot control this.

· Even for a call attempt that successfully passes 1x congestion control, there is extra delay to establish the call compared to solutions 1 & 2.
2.4 Comparison of solutions
One important consideration when comparing the solutions is the impact to user experience.  
In the scenario of interest, a large number of 1xCSFB devices are camped on LTE and a significant percentage of these are attempting voice calls.  Therefore, while enabling best effort voice services, it is important to maintain the highest possible level of LTE service for the two large sets of users who are:

1. (re)attempting voice calls but are being barred; and

2. accessing non-barred LTE services.
For a user (re)attempting a voice call, Solution 3 causes significant disruption to the user’s LTE services even though the user’s voice call attempt ends up being barred.  This is because the user’s LTE session is suspended when a voice call is first initiated, and there can be lengthy delay for the UE to acquire the 1x network, determine that 1x access is barred, reselect back to LTE, and perform procedures to resume the LTE session.  The user will experience a “blanking” of LTE service each time a voice call is initiated.  Also, Solution 3 degrades MO calls even for users who are not barred (e.g. emergency calls).
Both Solution 2 and Solution 3 can lead to a shortage of radio and network resources in the LTE domain, due to massive voice call originations, since the resources are wasted on calls which are barred.  This degrades the availability of LTE radio and network resources for non-barred LTE service and can possibly lead to activation of LTE congestion control which might otherwise have been avoided by Solution 1.

Solution 1 is the most effective in using radio and network resources efficiently, while maintaining the best possible level of LTE service.
4
Conclusion
Solution 1 is the only solution that has no impact to a UE’s LTE service even while the UE is attempting voice calls that are barred, while also maximizing the availability of LTE radio and network resources, and preventing 1xCS system congestion from leading to LTE system congestion.
Standardizing Solution 1 in the Rel-9 timeframe ensures that all e1xCSFB-capable UE will support the mechanism.
Proposal:  RAN2 agree to Solution 1 as the way forward for Enhanced 1x CS Fallback congestion control in Release 9.

NOTE: In Rel-10, a mechanism to dynamically update the ACB parameters based on control signaling from the 1xCS domain may be considered and could be standardized.

A draft CR to TS 36.331 is provided in [5], capturing the necessary changes for Solution 1.
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