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1. Introduction

The objective of the eDDA work item [1] is:

“in the context of providing improved always-on connectivity, … to identify and specify mechanisms at the RAN level that enhance the ability of LTE to handle diverse traffic profiles.  Under such traffic loads, the identified improvements will allow for better trade-offs to be achieved when balancing the needs of network efficiency, UE battery life, signalling overheads, and user experience / system performance”

Background traffic has been identified as a priority for the WI and numerous system aspects associated with such traffic have been evaluated and documented in TR 36.822 [2].  These include:
· Power consumption as a function of DRX configuration

· Mobility/Handover performance as a function of DRX configuration

· RRC state transition and mobility-related signalling aspects (frequency and overheads) as a function of RRC state handling methods
· Uplink control resource overheads for connected mode UEs
In the presence of background-only traffic, it is beneficial for both the UE and network if the UE is placed in a state or configuration which minimises its battery consumption and the usage of system resources, whilst still allowing for the transfer of user plane traffic.  When other traffic is present, it is necessary to return to a mode of operation that places a higher emphasis on performance (potentially at the cost of some increase in UE power consumption and use of system resources).  When there is no traffic expected, it may be preferred to move the UE to idle.
Figure 1 summarises these desirable UE configurations as a function of the UE status.
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Figure 1 – UE configuration as a function of status
This document proposes an architecture for the management of UEs as they transition between these configurations, and discusses the desirable properties of the background-optimised configuration in connected mode.
2. Properties of a background-optimised configuration

Based on the evaluations in the TR [1], the following are considered desirable properties a connected mode configuration optimised for the case of background-only traffic:

Background-Optimised Configuration

	· A secondary DRX configuration

· This prioritises UE power consumption over QoS and offers power consumption similar to idle.  DRX parameters are likely to differ from the normal configuration:

· Cycle lengths approach or are similar to those employed in idle,

· On-duration values are small (one to a few ms) and,

· DRX inactivity timers are short

· PUCCH configuration

· Dedicated PUCCH resources are released to:

· Improve resource utilisation and allow the eNB to re-assign them to UEs operating in the normal configuration

· Avoid UL transmissions to maintain low UE power consumption

· Scheduling requests are instead redirected to a contention-based resource in order to exploit the large multiplexing gain that is possible for this type of sparse traffic.  The achievable gain increases with collision probability (so long as operation at very high collision probabilities is avoided).  Therefore, to maximise resource efficiency, the resource used for scheduling requests may need to be separate from the (lower collision probability) PRACH used by idle mode users in order to preserve existing idle-to-connected transition times

· On returning to the normal configuration, dedicated PUCCH resources may be reassigned by the eNB




3. Configuration transitions within the connected mode
Transitions of the UE between the normal and background-optimised configurations would be transparent to the core network, thus ensuring that S1 control plane signalling loads are not impacted compared to normal connected mode operation.
During RAN2 #77 there was discussion concerning UE input to the eNB’s decision process governing the UE’s configuration:

=>
Assistant information provided by the UE to the network is considered useful but further discussion is required to decide e.g. which information should be provided. Cases where multiple applications are running on a smartphone should be taken into account. Resulting signaling overhead should be taken into account.

The UE has information that is helpful to (but not currently available at) the eNB, for example the level of user interaction with the device, the status of applications, and the status of protocols at any layers above those terminated by the eNB.
This information is useful in determining the most appropriate configuration in connected mode: background-optimised (section 2) or normal.  Providing the UE information to the eNB (Figure 2) enables the network to make better and more reliable decisions.
Parameters associated with the background-optimised configuration could optionally be pre-configured in order to avoid repeated signalling of these.  If the UE determines that use of the background-optimised configuration is currently appropriate, it may send “UE assistance information” to the eNB.  The network may instruct the UE at any time to move to the background-optimised configuration (either based on the UE assistance information or autonomously).  In its simplest form, the UE assistance information could comprise a single bit indication, effectively informing the network that QoS for all running applications can be de-prioritised in favour of system and battery efficiency.
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Figure 2 – Use of UE assistance information to transition to a background-optimised configuration
UE assistance information is also required to inform the eNB when QoS should be restored to its normal level.  The eNB can then transition the UE to the normal configuration.  The eNB is also free to do so in the absence of the UE assistance information (based on its own decision criteria).
A mechanism to move the UE quickly and effectively (with low signalling overhead) between the normal configuration and background-optimised configuration is also needed.  The pre-configuration step shown in Figure 2 helps to achieve this, as then the response from the eNB need comprise only a command instructing use of the pre-configured parameters.  This mechanism is then similar to the existing RRC pre-configuration of DRX parameters for the normal case, and the subsequent use of the DRX Command MAC Control Element to move to short or long DRX.
4. Transitions to/from idle

When no traffic or only very light background traffic is present (e.g. with large inter-arrival times of the order of minutes) or when mobility rates are high (see [1]), the network may wish to return UEs to idle in-between user-plane transfers (in preference to holding the UE in the background configuration discussed in section 2).
As the user plane is not established in idle, it is important to make the transition only if there is confidence that data transfers are not expected for some time, otherwise there is a penalty of increased overhead costs to frequently establish/release the RRC connection.  The UE also has knowledge that can be of help in this case, in particular concerning whether applications are open or running, and the status of protocols at higher layers.

A second component could therefore be included within the UE assistance information to help the eNB decide whether to apply the background configuration (e.g. ongoing user plane data is likely) or to move the UE to idle (e.g. ongoing user plane data is not currently expected).
During RAN2 #77 there was agreement that:

RAN2 should focus on signalling overhead optimisation aspects (IDLE<->CONNECTED transitions; mobility signalling; …)

The use of this second component of the UE assistance information helps in this regard by reducing the number of times that the UE is inappropriately transitioned to idle (i.e. the decision becomes more reliable and the transition frequency can be reduced).

When the UE is in idle, the arrival of new user plane data will trigger establishment of a new RRC connection as usual and the UE will move to the normal configuration.

5. Proposed Agreements
The following are recommended as the basic principles of a framework for furthering the work within the eDDA WI:
Proposal 1:
Uplink signalling is introduced to convey the following UE assistance information to the eNB:

i) An indication of whether QoS for all running applications can be de-prioritised in favour of system/battery efficiency (e.g. the UE has background traffic only) and

ii) An indication of whether ongoing user plane data is expected (if not, idle mode may be preferred)
Proposal 2:
The network provides the UE with a secondary DRX configuration that is optimised for background-only traffic.  The parameters may be pre-configured in the UE by the network.

Proposal 3:
Downlink signalling is introduced to allow the eNB to instruct the UE to move to a background-optimised configuration.  The secondary DRX configuration is applied when this signalling is received by the UE
Proposal 4:
Dedicated PUCCH resources are released on entering the background-optimised configuration, and may be reassigned when returning to the normal configuration
Proposal 5:
When in the background-optimised configuration, scheduling requests are redirected onto a contention-based resource.  The resource should be separate to the PRACH used by idle mode users in order to avoid impacting idle-to-connected transition times
6. Conclusion

This document suggests a framework to enable better management of UEs with background traffic.  Stage 2 completion for the eDDA work item is due in June at RAN #56 [3], hence we recommend that the proposals listed in section 5 are adopted as the basis to create a stage 2 description, outlining the set of improvements to be included within Rel-11.
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