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Introduction
The objective of this study item is improvement of congestion mitigation handling mechanisms in RRC_IDLE and RRC_CONNECTED in order to cover prioritization of access for initiation of voice services such as MMTEL voices and CSFB voice calls. 
For several decades after the first telephone invented by Alexander Graham Bell, voice services have been considered as most essential services provided by wired/wireless communication systems. This is still true for LTE, even though many users are starting to use alternative solutions such as messengers or SNS. Thus, it is likely that LTE provides solutions to protect voice services over data services in congestion. 

However, for mobile originating voice services, prioritization of voice services could not work well in LTE. Thus, we believe that voice prioritization in congestion should be considered as a key issue of the study on Smart Congestion Mitigation in E-UTRAN. In this document, we provide description of the key issue on voice prioritization and propose to capture Text Proposal in TR on SCM.
Discussion
After launching smart phones, data explosion has been observed for recent years. This comes with difficulty in accommodating voice calls in big events. For example, in Firework festivity in Youi-do, Seoul, it was mentioned that the coverage areas of several cells are sometimes filled with more than 1.20 million people, which cause those LTE cells to be overwhelmingly congested due to not only voice services but also data services. 
The figure 1 shows the success rate of the RRC connection establishments that had been measured at one eNB during the Firework Festival. As we see in this figure, we observed significant decrease in the success rate (red line) around the event time from 19:30 to 21:00. Namely, big events may cause a significant number of connection establishment failures for idle UEs in E-UTRAN.
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Figure 1: The success rate of connection establishments that had been measured at an eNB during Seoul Firework Festival

The figure 2 shows the call drop rate that had been measured at one eNB during the festival. As we see in this figure, we also observed significant decrease in the call drop rate around the event time. Namely, big events may cause a significant number of abnormal connection releases for connected UEs in E-UTRAN.
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Figure 2: The call drop rate that had been measured at an eNB during Seoul Firework Festival
Note that we also measured significant decrease in the success rate of connection establishments and the call drop rate at other eNBs (about 40 eNBs) during the same festival. The operator tried to alleviate this congestion problem by applying the existing mechanisms such as access class barring, and however it could not recover from the problem. In addition, we observed similar congestion situations in other big events such as K-POP concerts and seasonal festivals in cities and universities.
The figure 3 shows the number of successful connection establishments (red line) versus the number of connection establishment attempts (blue line) that had been measured at a cell during the festival. Based on figure 3, we can observe that the number of successful connection establishments at a cell is limited under a certain number. Thus, if the number of connection requests at a cell goes beyond the limitation, the network should reject requests for new connections, or it should release some of established connections to accept new connection establishments.
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Figure 3: the number of successful connection establishments (red line) versus the number of connection establishment attempts (blue line) that had been measured at a cell during the Seoul Firework Festival

Considering that the number of successful connection establishments is limited, and also considering that the number of UEs in RRC_CONNECTED is limited at a cell, operators normally prioritize important accesses while de-prioritizing unimportant accesses in such congestion. Voice services such as MMTEL-voice and CSFB voice have been generally prioritized in congestion e.g. during big events. Thus, it is likely that the network would prioritize voice services over other services in such congestion. 
However, the operators that want to prioritize mobile originating voice services in congestion for LTE could not rely on the current congestion mitigation mechanisms, due to the following reasons described below:

1) Service Specific Access Control (SSAC): the network can use SSAC to suppress MO accesses for MMTEL-voice and MMTEL-video in RRC Connection Establishment. However, the network cannot use SSAC to disallow other MO accesses in congestion while allowing MO accesses for MMTEL-voice and MMTEL-video.

2) Access Class Barring (ACB): the network can use ACB to allow or disallow a particular type of access in RRC Connection Establishment, such as emergency access, high priority access, MT access, MO data, MO signalling and MO CSFB. Even though ACB provides independent access control for mobile originating CSFB voice, it cannot be used to prioritize access for MMTEL-voice. Considering that operators would move from CSFB solution to IMS voice to provide voice services in their LTE networks, they would not rely on ACB solution for access control of voice users in the future, because ACB does not support MMTEL-voice.

3) RRC Connection Reject: the network can send a RRC Connection Reject to reject a connection request from a UE. The network may rely on the Establishment Cause in the RRC Connection Request in order to accept or reject some types of accesses e.g. MO-signalling and MO-data. However, the network may also reject connection requests for UEs originating voice services such as MMTEL voice and CSFB voice, because the network cannot recognize MO voice services from the Establishment Cause.
4) Random Access Backoff: the network can use backoff to delay random access for both RRC_IDLE and RRC_CONNECTED. The mechanism is applied to all UEs performing random access, without differentiation of services.
Accordingly, considering importance of voice services and lack of support for voice service prioritization in E-UTRAN, we think that this issue should be considered as the key issue for study on Smart Congestion Mitigation in E-UTRAN, in order to provide means to prioritize MO voice services in congestion. We think that this issue is so urgent to the operators that recently deployed VoLTE services in E-UTRAN, particularly considering that users in South Korea quickly change cell phones towards new ones that would likely support VoLTE.
Conclusion
In summary, we observed congestion problems at big events in several eNBs. In those events, operators would normally prioritize voice services such as MMTEL-voice to protect voice users. Currently, ACB supports independent access control for CSFB in connection establishment, but it supports no independent access control for MMTEL-voice from other MO data. Also, rejecting access for MO-data by RRC Connection Reject message could cause rejecting MO voice services such as MMTEL voice and CSFB voice. Furthermore, applying random access backoff may cause delaying voice service setup for UEs in RRC_IDLE and RRC_CONNECTED.
Accordingly, the operators that want to prioritize voice services such as MMTEL-voice in congestion could not rely on the current congestion mitigation mechanisms in E-UTRAN. Considering importance of voice services and recent deployment of IMS voice replacing CSFB voice, it is required that E-UTRAN provides any means to prioritize voice services as soon as possible. 
In conclusion, we propose that RAN2 should consider prioritization of voice services in E-UTRAN as a key issue for study on Smart Congestion Mitigation, and capture the following text proposal in the TR.
Annex: Text Proposal
5.1
Key Issue #X: Prioritization of Mobile Originating Voice Services in E-UTRAN
Considering that the number of successful connection establishments is limited, and also considering that the number of UEs in RRC_CONNECTED is limited at a cell, operators would prioritize important accesses while de-prioritizing unimportant accesses in congestion. 
Voice services such as MMTEL-voice and CSFB voice have been generally prioritized in congestion e.g. during big events. Thus, it is likely that some operators would prioritize MO access for voice service over MO access for other service. However, the operators that want to prioritize access for voice service in congestion for LTE could not rely on the current congestion mitigation mechanisms, due to lack of support for voice service prioritization in E-UTRAN as described below:
· Access Class Barring supports independent access control for CSFB in connection establishment, but it supports no independent access control for MMTEL-voice from other MO data.
· Rejecting access for MO-data by RRC Connection Reject message could cause rejecting MO voice service such as MMTEL voice and CSFB voice.

· Applying random access backoff may cause delaying voice service setup for UEs in RRC_IDLE and RRC_CONNECTED.
Accordingly, we should consider prioritizing MO access for voice service in E-UTRAN as a key issue of this study, knowing that lack of support for voice service prioritization in the current mechanisms during congestion, and knowing that IMS voice is already available in some countries and is replacing CSFB voice.
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