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Discussion and Decision

1
Introduction
At WG2#71bis, it was agreed to support longer wait timers in UMTS and LTE. It was left FFS whether extended wait times would be signalled in the RRC Connection Reject message and/ or the RRC Connection Release message.  This Tdoc reviews the options for providing extended wait timers.
2
Discussion
At WG2#71bis it was decided to support extended wait timers in UMTS and LTE. Depending upon what is decided regarding the point or points in the connection establishment signalling sequence where potential CN load is removed, and what access stratum information is required in the case of release, extended wait time indication may need to be added to either the RRC Connection Reject or the RRC Connection Release message or both.

In reply to RAN2 [1], SA2 have indicated that, although they have not discussed de-correlation times and granularity, some companies have suggested that a decorrelation period of up to one hour would be ideal and that at least 15 minutes seems necessary with sub one second granularity. SA2 comments that perhaps this can be achieved by signalling the delay value in minutes with the UE selecting a random time within a one minute interval.
Choosing the mechanism for signalling the delay and its range could be viewed as a stage 3 exercise. However, there are some fundamentals of what is signalled that could be considered more stage 2. One potential issue is the degree of granularity that is under the control of the eNB/RNC and the degree of granularity that is implemented by the UE. For example:-
· The eNB can specify the delay absolutely with the UE conducting no randomisation e.g. to a granularity of one second, 2048 seconds requires 11 bits and 4096 requires 12. To specify to a sub-second level of granularity would add further bits dependent upon the granularity required e.g. 4096 secs to a granularity of  0.06 secs would require 16 bits. 
· The eNB can specify the delay to a relatively high level of granularity e.g. 10 seconds (8 or 9 bits) or one minute (6 bits) and the UE selects randomly within a preceeding or following step size e.g. 10 secs.
· The eNB can specify the delay to a relatively low level of granularity and the UE randomises the time over a relatively large interval. For example, the wait time associated with barring in LTE is composed of two elements a fixed delay of 0.7 x the signalled mean barring time and an additional UE calculated delay uniformly distributed over a period of 0.6 x the signalled mean barring time.

It could be deduced from the SA2 liaison statement that their preference would be for the eNB/ RNC to be able to specify a granularity of around 1 minute, although possibly this should be clarified. This would in principle allow the eNB/ RNC to control the clustering of re-attempts within the maximum delay interval, e.g. one hour, with that level of accuracy.
Perhapse the most significant requirement is the desire for sub-second granularity of individual UE delays. Although it is probably not necessary to minimise in the extreme the size of the extended wait time IE in the Connection Reject or Connection Release messages, to use, say, 16 bits to signal to sub-second explicitly, could be considered inefficient. Consequently, it is noted that:-
Obs1:
Extended wait time shoud probably consist of two parts a fixed part signalled to the UE and a random part calculated by the UE. 

Although selecting a random component forms part of existing LTE wait time (ACB barring) it does not form part of LTE or UMTS reject wait time and so it would be new functionality.
Furthermore, based on the SA2 suggestion of 1 minute granularity it is also noted that:-
Obs2:
Extended wait time signalling should probably take the form of uniformly spaced fixed delays, e.g. one minute, with the UE selecting a random delay uniformly within a step size.
These observations are taken as the baseline for considering how to signal the extended wait time in the Connection Reject and/or Connection Release messages.
2.1
Implementation options for extended wait time 
In [2] it is suggested that removal of CN overload associated with ‘low priority’ access can take place at the connection request/ connection reject stage of the connection establishment procedure, always in the case of UMTS and in a large fraction of cases in the case of LTE. Because processing of the wait time in this case takes place in RRC, if UE specific extended wait times are to be applied then they would need to be signalled in the RRC Connection Reject message. The result will be a slower re-application to RRC.
The existing wait time IE in the LTE connection reject message is an integer with range 1 to 16 and it indicates the wait time in seconds. The existing wait time in the UMTS connection reject message is an integer with range 0 to 15 and it indicates a wait time of 1 to 15 seconds, the value 0 having a special function. These IEs are not optional and would therefore be present when extended wait time is signalled. The following alternatives are therefore identified as possible solutions for the provision of extended wait times in the connection reject message:-
1.
The existing wait time IE is re-used for signalling the extended wait time. The change of function could either be (a) implicit upon use of ‘low priority’ as the establishment cause or a new reject cause value in the Connection Reject message, or (b) indicated by a new 1 bit optional IE.
Based on a target maximum wait time of around one hour, integer value I could indicate, for example, I x 225 seconds (LTE) or I x 240 seconds (UMTS). The UE could then select an additional random time within 225/ 240 seconds, provided a four minute granularity in the UE calculated component of the wait time is acceptable.
2.
The existing wait time IE is re-used for signalling the extended wait time, however, a new, optional IE indicates a multiplying factor to transform the integer value of seconds into something larger. Presence of the new IE would indicate that scaling should be applied. The UE could randomise within the new step size.
This would, in principle, allow greater flexibility with regard to the maximum waiting time and resultant granularity of the UE selected random component. Given that SA2 has indicated that a time period of one hour is sufficient then the need to introduce a scaling factor seems to be unnecessary.
3.
The existing wait time IE is ignored by the UE if a new extended wait time IE is included. The new IE could provide a finer granularity in the network defined component e.g. one minute if an extra two bits were added e.g. to 6 bits from 4.
It seems wasteful to ignore the redundant bits from the existing IE unless a finer granularity than the 4mins permitted by 1 is unacceptable.
4.
The existing wait time IE is used in conjunction with a new extended wait time IE that provides only the additional bits needed for the finer granularity e.g. possibly two bits. The new IE could implicitly indicate that the wait time in the existing wait time is scaled by e.g. 225/240 seconds.
It is suggested that:- 
P1:
To signal extended wait times in the RRC Connection Reject message, re-use of the existing wait time IEs in the LTE and UMTS RRC Connection Reject message should be considered. Each integer value I could be interpreted as, for example, 225 or 240 x I seconds. UEs calculate an additional delay uniformly within the step size e.g. within 225/ 240 seconds. An additional IE (Boolean) may be required to indicate that the extended rather than the normal interpretation of the wait time parameter applies.
There is currently no wait time IE in the RRC Connection Release message neither in the case of LTE or UMTS. The need for extended wait times to be signalled in the RRC Connection Release message must depend upon whether the higher layer requires dynamic UE specific wait times to be signalled by the access network. This could be viewed as being outside RAN2 scope. If it is concluded that an extended wait time IE is required in the release message then there is no legacy format that must be taken into account and its format could be optimised to the requirements. One solution could be to adopt something similar to that proposed for the reject message and SA2 i.e. signalling a coarse delay with the UE calculating a random fine offset.
3
Conclusion
This Tdoc has considered the provision of extended wait timers in the Connection Reject and Connection Release messages. The following proposals are made:-
P1:
To signal extended wait times in the RRC Connection Reject message, re-use of the existing wait time IEs in the LTE and UMTS RRC Connection Reject message should be considered. Each integer value I could be interpreted as, for example, 225 or 240 x I seconds. UEs calculate an additional delay uniformly within the step size e.g. within 225/ 240 seconds. An additional IE (Boolean) may be required to indicate that the extended rather than the normal interpretation of the wait time parameter applies.
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