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1. Introduction
The following agreements were reached in the joint session on NIMTC in Jacksonville (See S2-105816 [1] and minutes of the joint session):
1. A delay tolerant indicator is required in AS signalling at RRC Connection Establishment to allow RAN node to perform overload control for a specific CN Node.

2. Based on this indicator, RAN node may reject/release the RRC Connection in case of CN overload and provide a ‘wait time’ in the reject/release message.  The ‘Wait time’ is passed to NAS layer and the UE behaviour with regards to the wait time is specified at NAS level.

In this contribution, it is assumed that the ‘Delay Tolerant indication’ is provided in RRC Connection Setup Complete and the necessary AS signalling for providing the ‘Wait Time’ in RRC Connection Release is discussed for LTE and UMTS. 

2. Wait Time Range and Granularity
According to the reply LS from SA2 (See R2-106060 [2]), it is necessary for the RAN Node to signal a ‘Wait time’ of up to 15 minutes and ideally up to one hour. This proposal is based on the fact that signalling peaks are already being observed in current networks for applications initiating recurring access attempts at the exact quarterly/half hourly or one hourly intervals. Figure 1 taken from S2-101456 [3] illustrates the problem.
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Figure 1: Occurrence of signalling peaks in a current network (taken from S2-101456 [4])
The main intention of sending a relatively long wait time to the device is to prevent those ‘Delay Tolerant’ devices from immediately re-attempting connection in a period of congestion e.g. a few seconds around the hour mark.  However, it is also important that devices which make access attempts in a synchronised manner do not subsequently reattempt connection at around the same time, thereby perpetuating the overload problem. In order to deal with this problem, the de-correlation can either be performed by the RAN node, by the UE or by both the RAN node and the UE.
1) De-correlation by RAN Node only

If RAN node takes care of the decorrelation, it is expected that it will perform randomisation of the wait time to be indicated and each device which accesses the network will be provided with a specific time at which is should reattempt.  

Pros

       - RAN has full control on when rejected devices are allowed to connect again.  

       -The UE behaviour is predictable and this makes testing easier. 

 
Cons

-Considering the possibility of millions of devices, it is necessary that the granularity of the signalled time is on the second or sub-second level to prevent significant peaks from still happening.

 -According to TS 36.133 [4], the UE timer accuracy for timers greater than 4s can be as high as ±2.5%. Hence, it seems an overkill to provide a wait time on the sub-second level. 
2) Decorrelation by UE only

With this approach, the RAN node provides the UE with a mean or maximum wait time and UE has to derive a random wait time before which it cannot access. 
Pros

-The granularity of the signalled maximum/mean wait time can be coarse e.g. 5 minutes or 10 minutes granularity.

-The decorrelation of the access attempts from delay tolerant devices becomes more decentralised as UEs independently take care of the randomisation.
Cons

-UE complexity is increased as UE has to perform an additional randomisation procedure. 

-Testing of the feature becomes difficult if UEs are allowed to randomise over say 15 minutes or 1 hour periods.

-Network loses control on how those devices subsequently access the network i.e. there is no guarantee that signalling peaks will not occur even though UEs are performing randomisation. 
3) Decorrelation by RAN node and UE

With this approach, the RAN node takes care of spreading devices uniformly over the desired time period with say a granularity of a minute and the UE can then perform some further randomisation over the respective minute to avoid the possibility that many devices access at the same time. For example, if one million devices are accessing on the hour, the network could uniformly distribute them over either 3600s or 60 minutes. This means that there is still the potential of 17000 devices connecting at around the same time if the granularity is a minute compared to just 280 devices accessing if the granularity is a second.. 
Pros

 -Requires less number of signalling bits

-Testing of the feature is manageable if the UE only needs to randomise over a minute.

Cons

-UE complexity is increased due to the need to perform randomisation. 

From Vodafone’s perspective, decorrelation by only the UE over a long time period like 15 minutes or one hour  is unacceptable because of the difficulty it will create for testing of the feature.  Moreover, it seems an overkill to signal a wait time on the sub-second  level considering that there are no tight requirements on the UE timer accuracy for timers greater than 4s (see TS 36.133 [4]).  
Thus, it seems only appropriate to signal the wait time with either a minute or second granularity. Since signalling with a minute granularity would still require randomisation in the UE over a minute interval, it is less complex for the RAN node to signal the wait time with a second granularity (even though this requires an additional 6 bits of information compared to a one minute granularity to be signalled).
 Hence, Vodafone would like to make the following proposals:
Proposal 1: The wait time range can be up to one hour considering that the benefit of sub-second granularity signalling from the network might be nullified by the inaccuracy of the UE clock. 

Proposal 2:  RAN node should be responsible for decorrelation of access attempts. 
Proposal 3: The RAN node performs randomisation of the wait time indicated to devices over the desired decorrelation period with a granularity of a second. 
3. Release Cause in RRC Connection Release 
RRC Connection Release contains a Release cause IE for both LTE and UMTS. In LTE one spare value is available and in UMTS there is also one spare value available. 

In UMTS, there are two CN domains (CS and PS).  If the PS CN domain is overloaded, it is important that NAS is not prevented from initiating access towards the CS domain for a long wait time. Thus, it is important for the RAN node to signal in the RRC Connection Release whether the long wait time applies to the CS domain or the PS domain. Thus, two new Release causes are needed for UMTS:

-CS Domain CN Congestion

-PS Domain CN Congestion

Instead of critically extending the RRC Connection Release to include those two new RRC Release cause values and considering that the new cause values are only needed when a wait time IE is present, it seems simpler to define a new IE’ Wait Time Cause’ which specifically indicates the cause for the provision of a wait time in RRC Connection Release.  
An existing Release cause like ‘Unspecified’ or ‘congestion’ can be provided in the RRC Connection Release message. 
Proposal 4 (UMTS): Introduce a new IE ‘Wait Time Cause’ to indicate whether the wait time was provided because of CS Domain CN Congestion or PS Domain CN Congestion. 
For LTE, since there is only the PS domain, only one Release cause ‘CN congestion’ is required and this can be provided by using one spare value of the Release cause IE. 

Proposal 5 (LTE): Introduce a new Release cause ‘CN Congestion’ 
4. Conclusions
In this contribution, Vodafone considers three approaches to provide decorrelation of access attempts based on a wait time indication in AS.  The following proposals are made:

Proposal 1: The wait time range can be up to one hour considering that the benefit of sub-second granularity signalling from the network might be nullified by the inaccuracy of the UE clock. 

Proposal 2:  RAN node should be responsible for decorrelation of access attempts. 

Proposal 3: The RAN node performs randomisation of the wait time indicated to devices over the desired decorrelation period with a granularity of a second.

Proposal 4 (UMTS): Introduce a new IE ‘Wait Time Cause’ to indicate whether the wait time was provided because of CS Domain CN Congestion or PS Domain CN Congestion. 
Proposal 5 (LTE): Introduce a new Release cause ‘CN Congestion’ 
RAN2 is kindly requested to discuss and agree on the proposals in this contribution. Stage 3 CRs are available in R2-110133 [5] for LTE and R2-110134 [6] for UMTS (assuming a Delay Tolerant indicator in RRC Connection Release) to specify the proposals in this document. 
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