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Abstract of the contribution: This contribution describes a potential issue related with the long TAU/RAU timer and paging signalling. 
Discussion

In 3GPP networks, periodic RAU/TAUs sent by the UE indicate the ‘Keep-Alive’ state of the UE. The absence of RAU/TAU indicates to the network that the UE is lost and the network may start the unreachable timer. Hence, when the UE has not sent periodic RAU/TAU, the network does not page the UE even when downlink data arrives. 
When the network pages the UE, it aids the network to optimize the paging strategy (like stepwise paging) to know the exact location of the UE at the cell level, i.e. ECGI. Namely, since UE’s exact ECGI is known, few cells have to be paged before the UE responds back to the page. This shows that the frequent RAU/TAU helps the network to obtain the exact location of the UE. On the other hand, frequent RAU/TAU will increase the cost of spectrum usage for RAU/TAU itself and also impacts the battery of the UE. Therefore, the length of the periodic timer for RAU/TAU is a trade-off.

At the SA2 80 meeting, it was agreed that longer values of the periodic RAU/TAU timer and Mobile Reachable timer shall be supported in order to reduce the network load caused by periodic RAU/TAU signalling. 
However it is not clear that the longer TAU/RAU will always be helpful. For example, if a UE does not have ‘Low Mobility’, then in this case the MME cannot know the ECGI accurately and thus paging has to be done over a wider area for every downlink paging request. This implies that longer TAU is useful only when the UE exhibits certain characteristics (e.g. Low mobility and/or Infrequent MT calls).

Also, the current specification allows the VPLMN to assign long RAU/TAU timers to UEs. When the VPLMN assigns the long RAU/TAU timer that the UE cannot interpret, the UE performs one of the following two operations. 

1) If the field is mandatory like the periodic RAU/TAU timer in the attach accept message, the UE returns the status information with the error code #96 "invalid mandatory information"(See annexe A for possible stage 3 implementation)
2) If the field is optional like the periodic RAU/TAU timer in the TAU accept message, the UE ignores the IE and uses the stored value, i.e. the value the UE receives from other MME and/or PLMN. (See annexe A for possible stage 3 implementation)
For the first case, because the MME should send the short RAU/TAU timer again to the UE, sending the long RAU/TAU timer just increases signalling. For the second case, the UE does not return any error and the UE uses the timer that it stores, i.e. short timer that it can interpret. Because the UE does not return any error code, the network thinks that the UE will use the value that the network gives and it results in using different RAU/TAU value at the network and the UE. Since the UE and the network are running different time scales for periodic RAU/TAU, the MME initiates UE unreachable timer much later after the UE has lost its coverage. This leads to unnecessary buffering of data and paging by the network.
In summary, the long RAU/TAU timer may increase paging signalling and cause the unnecessary downlink data buffering for the following two cases. 
1) When the UE does not exhibit certain characteristics.
2) When VPLMN assigns the long RAU/TAU timer (using new encoding/IE) to the legacy UE that cannot interpret the long RAU/TAU. 

The home operator should take into consideration the UE characteristics when adding longer value of RAU/TAU to the subscription information. When the UE is in roaming, the presence of the subscribed RAU/TAU timer can be taken as clear indicator for suitability of applying longer RAU/TAU for this UE. Therefore, we propose to add a note recommending when this optimization of longer RAU/TAU should be applied.  
For proper interworking with legacy UEs, the network should not assign a timer that cannot be interpreted by pre-rel10 UE. For the pre-rel10 UE, then the network should assign the timer to max possible value as represented by legacy encoding.
This poses a further question about how the network knows whether the UE can understand the long TAU/RAU value that cannot be presented in pre-rel10 specification. Under the current assumptions, we have defined that all MTC devices shall support longer RAU/TAU timers from Rel-10 onwards. These MTC devices also send an MTC indication and/or low priority indication to the network and hence the network can interpret the existence of these indications as the allowance to use the long RAU/TAU timer. 
When the network does not receive these indications, the UE should be non-MTC devices that do not have the special characteristics (low mobility/infrequent MT calls). Hence, we propose that the longer RAU/TAU should be sent only to UEs which:

· Have a longer RAU/TAU timer assigned in the subscription.

· Indicate to the network of being MTC device or low priority device.
On the above suggestion, one may assert that we can solve the above two cases by introducing the low mobility/infrequent MT feature subscription to rel-11. It is because the low mobility/infrequent MT feature in the subscription can confirm that the UE should be a rel-11 UE that can interpret the long RAU/TAU timer and has the low mobility decreasing the waste of paging signaling. However, a rel-10 SGSN/MME cannot understand this hypothetical rel-11 subscription information, and then we still have the problem of unnecessary signaling in rel-10. 

From the above analysis, we suggest adding the following restriction on the RAU/TAU configuration based on the subscribed RAU/TAU timer. 

Conclusion: 
We propose that the longer RAU/TAU should be sent to UEs which:

· Have a longer RAU/TAU timer assigned in the subscription.

· Indicate to the network of being MTC device.
Hence, we suggest adding the following sentence as seen in S2-10xxxx and S2-10xxxx. 
The visited PLMN SGSN/MME should not allocate a longer periodic RAU/TAU timer than the subscribed RAU/TAU timer. 
Annex A: 
The current stage 3 implementation of TAU value (T3412) is as follows: 

*****************Snap from TS 24.008, section 10.5.7.3 **************

Timer value (octet 2)

Bits 5 to 1 represent the binary coded timer value.

Bits 6 to 8 defines the timer value unit for the GPRS timer as follows:

Bits 

8 7 6

0 0 0  value is incremented in multiples of 2 seconds

0 0 1  value is incremented in multiples of 1 minute 

0 1 0  value is incremented in multiples of decihours

1 1 1  value indicates that the timer is deactivated.

Other values shall be interpreted as multiples of 1 minute in this version of the protocol.
******************Snap ***********************

There are two examples of the longer RAU/TAU timer:
Alternative 1: use the existing RAU/TAU periodic IE with the new encoding rule. 
According to 24.008, it is possible to define a new interpretation. Namely, we can define a new rule which says that the timer is in several hours, which can be understood by Rel-10 UEs. For example, we can define new rule by setting Bits 6 to 8 of the GPRS timer to 010, where value is incremented in multiple of 20 minutes. When the new rule is used like the example, pre-rel-10 UEs which do not understand the encoding of new rule will not understand this new rule unlike Rel-10 UEs. Then, if the field is mandatory as the periodic TAU timer in attach request, the pre-rel-10 UEs returns the syntax error and if the field is optional, the pre-rel-10 UEs ignores the IE and use the store value, i.e. the value that the UE receives from previous MME/PLMN.  
Alternative 2: define the new extended TAU periodic IE with the new encoding rule. 
The long RAU/TAU can be presented using the new optional IE. Namely, we can additionally define a new extended TAU IE that is processed only by rel-10 UEs. Then, pre-rel-10 UE will ignore the new optional IE and uses the existing field that the pre-rel10 UE can interpreted. Hence, the UE will use the short TAU periodic value that can be represented in the pre-rel-10 rules. 
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