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1.  Introduction
In RAN2 #61bis, TAU barring was discussed [1]. However, it was not agreed as some companies were not convinced of the need to differentiate TAU from normal AC barring. This paper addresses the need to differentiate TAU barring, taking the “match-day” problem as an example.
2. Discussion
In large cities, professional sports are major entertainments, e.g., the Premier League/ Serie-A/ Lega Espanola in Europe, NFL/ NBA/ MLB is the US, or the professional baseball in Japan. Massive stadiums holding up to 100,000 people have been constructed to host big matches, e.g., the Champions League Final. Such events are very entertaining and profits the local economy, but unfortunately, can cause many headaching problems to a mobile network operator.

The problem is, such matches are held e.g., only once a week, creating a tide of traffic that come and go within few hours. A mobile network operator still needs to provide the same level of services to the residents in the local area, as degradation immediately leads to customer claims. Nevertheless, the crowds rush in and scatter out, both in a short period of time. Each time the public transport carrying the overloaded crowd will cross the surrounding TA borders, causing bursty TAU traffic. In such occasions, the operator can activate AC barring. However, the residents in the local area will also have to suffer the barring. For the sports fans, it might be once in a while occasion, but for residents, it’s once per week and still have to pay the same tariff.
It can be argued (as has been in RAN2 #61bis) that the multi-TA registration regime will mitigate such bursty TAU. Although this is true in some extent, Tracking Areas are designed based on normal traffic conditions, balancing the TAU-paging trade off. Optimising for the “once-a-week” traffic is often not efficient for the rest of the week, i.e., six and half days, and certainly not the best for the residents. The point is, the multi-TA is set by the OAM, and is a static and consistent control. The multi-TA by itself cannot couter act to any sudden tide of traffic.

This is where the TAU barring comes to play. The TAU barring can be activated based on local cell measurements or the MME load indication, i.e., the TAU barring is an automatic control. By barring (i.e., deferring) TAU, some UEs cannot be paged for a duration of time. However, this is not impacted unless the UE is actually receiving a terminating call during the deferred time, e.g., typically some seconds. By suppressing the TAU traffic, the residents are remedied from the “match day” problem, and can make phone calls just as usual.
Figure 1 shows an example where a stadium is located in midst a dense residential area, and two TA borders are set to divide the TAU bursts along the main transport lines. These TA borders are designed to optimise for the daily traffic and are static, set by OAM. When no match is held, the residents live a peaceful life and enjoy mobile services in full. On a match day (Fig.2), the life is completely different. The residents are not just disturbed by the noise and traffic jam, but also suffer from bad connection. This can be resolved by TAU barring (Fig.3). The stadium itself can be covered by some hot spot cells, i.e., user traffic caused by the sports enthusiasts are served by these cells and will not disturb the residents. However, the TAU bursts are unavoidable at the set two borders. The cells at either side of the border will experience large bursts, e.g., in one hour. Unless these TAU traffic are suppressed, the locals will suffer bad connection.
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Fig.1  Residents can make phone calls regularly on a non-match day.
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Fig.2  On a match day phone calls are blocked due to AC barring caused by TAU from gathering crowd.
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Fig.3  With TAU barring residents can make phone calls regularly even on a match day!

The “match-day” problem can rather be anticipated based on topographical analysis of where the stadiums are and the main transport lines. As such the multi-TA can help relax the problem to some extent. However, this is only an example, and there are much “unpredictable” cases in real life, e.g., natural disasters or terrorist attacks [2]. In such cases, the multi-TA will not solve all problems and a dynamic fast reacting countermeasure, i.e., TAU barring, is necessary.

3. Conclusions
This paper has elucidated the need for the TAU barring mechanism, based on a “match-day” problem as an example. RAN2 is requested to agree on adopting the TAU barring mechanism, as have been proposed in [1, 3].
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