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1
Introduction

During WG2#72 it was “agreed as a working assumption that the extended wait timer will be handled in the NAS ”. It remains to be identified the range and granularity of the extended wait time; the format of the IE(s) and UE behaviour on receiving an extended wait time IE.

In this Tdoc we are focusing on the discussion of the definition of extended wait timer. We propose a non-linear wait timer for solving CN overload issue. 

2
Definition of Extended Wait Timer
There are two different interpretations on the understanding of the extended wait timer: 1) it means a longer wait timer than current specified, meaning the maximum wait timer T is larger than current what is defined in specification for LTE/UMTS for example for LTE it is (0s, 16s) carried in RRC reject message. 2) it means some random delay at a UE’s NAS layer that is added and calculated within a coarse valued wait timer signalled from a network. For the two different interpretations there would lead to different ways of format and signalling the extended wait timer. One obvious difference is that it leads to either randomization at network or double randomization both at network and UE sides. For case 1) different delay is signalled to UE from a network; for case 2) group delay is signalled to a group of UEs and a particular delay is selected by one UE in the UE’s group. 

In our view, our preference slightly tends to the case 1). The purpose of the extended timer is to alleviate the CN overload problem. When overload happens in a network, the network has the overall knowledge on how long it takes to handle those extra requests based on its capability and the overall requests from UEs. And therefore the network would signal those delay tolerant devices with a reasonable and random delay with the extended wait timer. In this case only one randomization is done at network side. Compare with the case 2), the network will signal a coarse delay T to a group of those delay tolerant devices based on how serious of its overload situation, and at NAS layer each individual UE of this group of UEs makes a limited further randomization around the coarse delay  T+ random (0, T). It is possible that a new collision would happen among UEs if any two of them selected the same random number. Further double randomization is required in this case both at network and UE sides. We think that for case 2) the first coarse delay T is most essential for alleviating the network overload problem, and the UE further randomization can be regarded as an additional method on small scale further disperation of UE requests. 

Based on above discussion, we would like to suggest that the definition of an extened wait timer should be first clarified in the coming RAN2 meeting.

P1: Propose RAN2 to clarify on the interpretation of the extended wait timer either is case 1) or case 2).　
3. 

Non-linear Extended Wait Timer with Non-linear Granularity

The range and granularity of the extended wait time was not discussed during the joint sessions. In an LS to RAN2 [1] SA2 indicate that they have also not discussed the range and granularity of the extended wait timer, but they do indicate that some companies have proposed a wait time of at least 15mins and ideally around 1 hour with sub-one second granularity. The LS suggests that the wait time is signalled with an accuracy of 1min and the UE adds an additional random delay calculated within a 1min range.

Instead with only one granularity of the extended wait timer, we think that the granularity can be set as a non-liner sequence that includes several values for the granularity. This means a granularity sequence mapped by 2 or 3bits, for example, with 3 bits of 8 values a granularity sequence can be set as (1s, 5s, 20s, 100s, 500s, 1000s, 10000s, 90000s)  for maximum wait timer 24 h or (1s, 2s, 5s, 20s, 50s, 100s, 225s) for maximum wait timer 1h requirements. 

A proposed wait timer structure with non-linear scale is as shown in Figure 1. The first part of it so called the base wait timer reuse the existing rel.8 wait timer format, i.e., with 4 bits bitmapping to 1-16 s in case of LTE. And the extension wait timer is added at the end of the first part, with 2bits or 3bits depending on the required maximum wait timer range and bitmapping to a non-linear scale. The final wait timer is derived by multiplying the non-linear scale with the base wait timer.  Assuming that, if the network detects a “delay tolerant” indicator in the RRC request message during a network overload problem, the extension wait timer will be activated and based on the overload situation and network capability a random wait timer value is decided; the network would select a scale that would provide the closest number to the required wait timer value after multiplying with the base wait timer.

 In case of wait timer as large as 24 h, the maximum number of the wait timer would be 86400s. The scale can be made bitmapping to {1, 5, 20, 100, 500, 1000, 10000, 90000} for example, and by multiplying with the base wait timer it will generate wait timer strings of the following:

{1,2,…,16} s

{5,10, …, 80} s

{20, 40, …, 320}s

{100, 200, …, 1600}s

{500, 1000, …, 8000}s

{1000, 2000, …, 16000}s

{10000,20000, …, 160000}s

..
In case of wait timer as large as 1 h, the maximum number of the wait timer would be 3600s. The scale can be made bitmapping to {1s, 2s, 5s, 20s, 50s, 100s, 150s. 225s } for example, and will generate wait timer strings of the following:

{1,2,…,16} s
{2,4,…,32} s

{5,10, …, 80} s

{20, 40, …, 320}s
{50, 100, …, 800}s
{100, 200, …, 1600}s

{150, 300, …, 2400}s
{225, 450, …, 3600}s
..
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Figure.1 Format of the non-liner extended wait timer, example of maximum wait timer 24 h.

It is also simple for a network on signalling a non-linear wait timer to UE. For example, if a wait timer value T1=140s is needed, then it would signal a number of 7 in the base timer using 4 bits and a scale of 20 using 3 bits to the UE. At UE side the side table of 3 bits bit mapped extension wait timer is stored at NAS layer, then UE would calculate and derive the final wait timer value at NAS layer, i.e., T1=7x20 = 140 s. The extension wait timer matrix provides more random numbers as well as more accurate wait time values compared with one granularity case; thus it may reduce the ping-pong phenomenon in the network, i.e., no need to repeat signal wait time values to UE, In this regard it may improve the network resource usage efficiency and effectively reduce network overload problem. It also provides with high resolution with the largest range of required wait timer such that only 6 to 7 bits in total are needed for its signalling. Compared with existing wait timer (4 bits) there is only 2 – 3 bits more are required. Thus it used rather limited signalling resources and we think it could be regarded also as an advantage.  

Based on the proposed discussion it shall be possible for a network solving overload issue with non-linear extended wait timer. 

P2: We propose RAN2 to adopt this as the solution for extended wait timer design for delay tolerant devices in  LTE and UMTS.
4
Conclusion

This Tdoc contains the following proposals:-


P1:   Propose RAN2 to clarify on the interpretation of the extended wait timer.　
P2: We propose RAN2 to adopt non-linear extended wait timer as the solution for delay tolerant devices in LTE and UMTS.
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