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Preface

In this document we discuss the procedures to provide the UE with timing advance (TA) information and resources on the UL-SCH for instantaneous transmissions when the UEs are in a power saving state. Both the UE power saving requirements in active state and the access delay restrictions for different service types are taken into account.
To shortly summarize the outcome of our discussion, we propose both random access and a dedicated mechanism. The random access approach can be applied for UEs that are synchronized or unsynchronized and can be applied e.g. every 10ms or even faster. Some kind of traffic volume indication like packet size or QoS information like the service the UE requests resources for or the delay shall be included on the random access channel.
The dedicated mechanism assumes synchronized UEs. This access is performed over contention free resources. It is therefore based on periodical update of the UEs TA information. The eNB provides periodically UL resources to the UE for transition out of the power saving state. The period will depend on the service type and influences the access delay.

For services with very stringent delay requirements even the random access delay might be insufficient. In this case the UE should use contention free resources for instantaneous transmissions which have been reserved for the UE in advance. Also for the access over dedicated channels specific information on service, QoS or delay shall be submitted to the eNB in order to allow for appropriate scheduling.
Discussion

The UE will perform an access procedure in active state in order to achieve TA information and to request resources on the UL-SCH. Whether or not the UE will periodically be provided with new TA information is subject of ongoing Ran1 discussions.  If it is not updated with TA it has to perform a random access procedure to request both TA and UL resources. In the other case the UE may use resources on the UL-SCH which need to be provided by the eNB.

Random access procedure

The random access procedure used for the transition out of the power saving state can be very similar to the initial random access procedure as in both cases the UE has to request new TA information and UL resources for its transmission. Differences can be expected for the transmission of UE IDs as for the initial random access the discussion on information mapped onto available resources and signatures is ongoing while in the active state a unique UE ID will be used instead.
In order to perform a fast transition out of the power saving state and to provide a number of resources needed for running the service with sufficient quality we propose to add QoS and traffic volume information in the request. Alternatively the delay requirements could be taken into account instead of the QoS information.
As it has not been decided yet how many bits will be available on RACH further information shall not be excluded currently.
Delay considerations:
We assume that UEs can access the RACH at least every 10ms. However, contention on RACH may cause delays before the UE can complete the access successfully. This delay can be accepted for services with relaxed delay requirements but might lead to unacceptable performance of delay sensitive services.

The random access procedure can be used both in the cases that the UE has valid TA information or not. The random access in the synchronized case will be useful to speed up the UL resource allocation. Even in the synchronized case the eNB can reply with an updated TA value. 
The benefit of a random access procedure is that no resources for UL access need to be reserved by the scheduler, even not on a periodical basis.
Dedicated mechanism
UEs with valid TA information may use the contention free UL-SCH for their resource request as well. The eNB will reserve UL resources periodically for the resource request. The period clearly depends on the delay requirements of the service and should therefore not be too long. On the other hand the number of reserved resources should be kept low as it is not clear if they will be used within this period which may lead to a long period. Clearly physical channels are a scarce resource and we can expect rather longer periods. This will be perfectly acceptable for interactive or background services where an allocation every 500ms might be sufficient also to submit new TA information. As Ran1 is discussing dummy synchronized random access bursts to provide latest TA information to the UE the UL SCH resources could be sent together with TA.
In order to speed up the resource allocation for more delay sensitive services the UE still has the possibility to perform a random access.
However, for services with stringent delay requirements the delay caused by a random access might still not be acceptable.

In order to speed up the process the eNB could allocate resources to the UE which can be used at any time. These contention free UL resources could be used either for immediate transmission of a data packet or to send a resource request.
It is furthermore proposed that the UE will indicate the amount of data it has in its buffer for transmission. This may be sufficient information for the scheduler in the case where the UE has only one service running. But if at least a second service is allocated the scheduler can not decide for which service the UE has sent the request. The scheduler has then no information on the QoS particularly on the delay requirements. We propose therefore to add some kind of QoS information like delay requirements or an indication of the service which provides the scheduler with information on the delay requirements. The scheduler will then grant UL resources depending on the QoS, for either a specific TTI or for a certain number of radio frames.
As this procedure requires reserved UL resources we propose to use the access over constantly reserved UL-SCH resources only for services with stringent delay requirements like fast games.

Conclusion
We propose both random access and a dedicated mechanism. The random access will be used to request resources and TA information. It can be applied for UEs that are synchronized or unsynchronized, e.g. every 10ms or even faster. It can therefore be used by UE with services requiring fast access.
The dedicated mechanism assumes synchronized UEs. This access is performed over contention free resources. It is therefore based on periodical update of the UEs TA information. The eNB provides periodically UL resources to the UE for transition out of the power saving state. The period will depend on the service type as it influences the access delay. For services with uncritical delay requirements the period may be set to a high value so that physical resources will be used more efficiently.
For services with very stringent delay requirements even the random access delay might be too high. In this case the UE should use contention free resources which have been reserved constantly for the UE in advance. These resources can be used either for instantaneous transmissions of small packets or to request further resources.
We therefore propose to perform either random access or dedicated access depending on the delay requirements of the service.
For both the random access and the request over constantly reserved resources some kind of traffic volume indication like packet size or QoS information like the service the UE requests resources for or the delay shall be provided to the eNB.


























































