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1. Introduction

In this paper we address considerations within LTE to optimise support for large numbers of smartphones and always-on type devices. We identify where suboptimal configurations are considered to be detrimental to these devices and note that it is not always possible to guarantee best practice configurations.

2. Discussion
2.1 Autonomous Release of the RRC Connection
By its definition autonomous release of the RRC Connection by the UE is unpredictable from the networks perspective, and could lead to desynchronisation between UEs and networks regarding the RRC connected status. As such in order to address the possibility of its occurrence and how to avoid it we need to consider why it may occur. 
Today the standard allows autonomous release in some circumstances (e.g. authentication failure) in addition to which if the device finds itself in an unspecified problematic configuration or fault, then autonomous release is also a viable solution. Also as has been seen previously in UMTS, devices operating under sub-optimal network configurations have adopted mechanisms whereby they have autonomously released their RRC connections, albeit with use of a convenient signalling procedure to ensure synchronisation between the UE and network peer RRC connection status.
To avoid this behaviour clearly providing a mechanism which the UE could use rather than attempt to implement an autonomous release would be preferential. Therefore in order to provide a mechanism we need to consider what sort of suboptimal configuration may occur which may be detrimental to the UE performance. 
Proposal 1: provide a mechanism for UEs to request from the network an improved configuration to avoid UE implementations autonomously releasing.
2.2 UE configurations
	
	Receive status
	Transmit status
	Battery performance
	Latency
	Observations

	Continuous receive


	- Continuous reception of PDCCH, 

- If DRX is configured UE leaves this sub-state on expiry of drx-InactivityTimer
	- PUCCH/SRS configured, 

- RRC Mobility reporting
	Relatively high battery consumption due to continuous receive and configured UL transmissions
	Best latency performance of RRC Connected sub-states
	Worst battery efficiency 

	Short DRX configuration 
	- Reception of PDCCH is limited to on-duration of short DRX cycle

- UE leaves this sub-state configuration for long DRX on completion of drxShortCycleTimer
	- PUCCH/SRS configured (whether transmit occurs depends on relative timing of DRX cycle and PUCCH/SRS resources), 

- RRC Mobility reporting
	Improved efficiency over continuous but dependant on length of onDurationTimer, shortDRX-Cycle and duration of drxShortCycleTimer, , and whether transmission occurs at the on-duration
	Latency introduced based on shortDRX-Cycle
	- Sub-state is only optionally supported

- Better battery efficiency over continuous reception but increase in latency for follow on data received within the window drxShortCycleTimer


	Long DRX configuration 

	- Reception of PDCCH is limited to on-duration of long DRX cycle


	- PUCCH/SRS configured (whether transmit occurs depends on relative timing of DRX cycle and PUCCH/SRS resources),  

- RRC Mobility reporting
	Improved battery efficiency dependant on length of longDRX-cycle and onDurationTimer, and whether transmission occurs at the on-duration
	Longer latency for follow on data based on length of longDRX-cycle
	- Sub-state use and parameterisation is dependent upon configuration
- Better battery efficiency is achieved by making longDRX-cycle as long as possible, but latency is increased



	RRC Idle state 


	Reception of paging notification limited to Idle DRX cycle
	No UL assigned resources
	Expected best battery saving performance dependant on NAS configured Idle DRX cycle length
	Typically longest latency  compared to RRC sub-states due to Idle DRX cycle length
	


The above table illustrates the variation in behaviours and interaction between the RRC States and DRX configurations (or sub-states).

2.3 Configuration Decisions
In order to migrate between the above sub-state configurations in RRC Connected a number of parameters need to be configured, however the influences on these parameters means they can only be set to compromised non optimum values. In this section we consider these parameters and influences they need to consider.

As identified in [1] the rise in smartphones supporting always on and short packet based services is a rapidly increasing market segment. However the frequent desire for these types of devices to send small packets means that preferably they should be kept in RRC Connected rather than RRC Idle, due to the increase in signalling load that frequent state transitions between RRC Idle and RRC Connected would cause in the network. It is reasonable therefore to expect these devices to be configured for long DRX, and in order for the battery efficiency to be comparable to IDLE, and hence maintain user experience, it is expected that the longDRX-cycle and on duration is the same or very similar to the IDLE DRX cycle length. The 'on duration' in IDLE is not configurable but fixed to 1 subframe.
Proposal 2: devices supporting services sending short and frequent PS data packets should be able to be kept in RRC Connected for long periods in order to avoid increasing network signalling load from frequent RRC Idle to RRC Connected state transitions.
Proposal 3: UEs kept in long DRX for long periods should have a longDRX-cycle and on-Duration which is similar or the same as Idle DRX cycle.
It should be noted that in UMTS use of non-aligned DRX cycle lengths between URA_PCH and IDLE mode has shown from experience that a factor of two variation in DRX cycle length (DRX cycle length=5 (320ms) compared to DRX cycle length=6 (640ms)) can equate to a typical decrease in battery lifetime of between 15-30% depending on device activity.
The use of a long DRX-cycle as above however implies relatively longer latency for follow on data. If the transition to long DRX sub-state is too soon after data transfer there could be increased latency for follow on data and lead to detrimental service performance.  

The use of continuous receive for longer clearly is better as far as latency for any follow on packet data goes, however it is the worst configuration in terms of battery efficiency. In particular let us consider the switching between continuous receive and DRX, as controlled by the drx-InactivityTimer. In configuring this timer the network needs to consider the latency for any follow on data but often it must set the value of drx-InactivityTimer conservatively or risk detrimental service performance due to the longer latency associated with the more battery efficient longDRXCycle. 
It seems reasonable therefore that for devices supporting these types of services the network should employ the short DRX Cycle, to provide some battery savings plus reduce the latency associated with longDRXCycle. 
Proposal 4: Devices supporting these short and frequent data services should be configured for short DRX cycle.
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Proposal 5: a mechanism to identify devices supporting short and frequent packet services to the network is required in order to support networks ability to configure the devices for short DRX as well as ensure long DRX cycle is configured for long durations to avoid frequent RRC Connected to RRC Idle transitions where the long DRX cycle is similar to the RRC Idle DRX cycle.
By determining which devices would benefit from optimal configuration and long stays in long DRX, the network is able to avoid reserving resources to devices not requiring to stay in RRC Connected for long periods.

2.4 Associated UL Resources
Another aspect of LTE RRC Connected configuration to consider is the uplink transmissions required for possible ongoing data transmission. These include signalling for channel status reporting and means for providing maintenance of the Timing Advance for uplink access. Specifically the RRC Connected configuration may require continued transmission of CQI (channel quality indicator), PMI (precoding matrix indicator), RI (rank indicator) and SRS (sounding reference signal). Any transmissions clearly are undesirable and it seems reasonable that the UE could be allowed to release these resources if configured to long DRX for long periods. 
The release of these resources could be as a result of an explicit indicator as outlined in [2], or possibly via some autonomous based release after a timer expiry.
Proposal 6: Devices which are configured for long DRX for long periods should be able to release their UL assigned resource to avoid unnecessary transmissions.

In addition the UE in long DRX will also need to continue to perform measurement reporting whilst in RRC Connected and so will have to transmit when a measurement report is triggered.

3. Summary
Discussion above has captured a number of proposals

Proposal 1: provide a mechanism for UEs to request from the network an improved configuration to avoid UE implementations autonomously releasing.

Proposal 2: devices supporting services sending short and frequent PS data packets should be able to be kept in RRC Connected for long periods in order to avoid increasing network signalling load from frequent RRC Idle to RRC Connected state transitions.

Proposal 3: UEs kept in long DRX for long periods should have a longDRX-Cycle which is similar or the same as Idle DRX cycle.

Proposal 4: Devices supporting these short and frequent data services should be configured for short DRX cycle.

Proposal 5: a mechanism to identify devices supporting short and frequent packet services to the network is required in order to support networks ability to configure the devices for short DRX as well as ensure long DRX cycle is configured for long durations to avoid frequent RRC Connected to RRC Idle transitions where the long DRX cycle is similar to the RRC Idle DRX cycle.

Proposal 6: Devices which are configured for long DRX for long periods should be able to release their UL assigned resource to avoid unnecessary transmissions.

Above there are several proposals for the adoption of a UE triggered signalling mechanism, to request enhanced handling for devices supporting frequent short packet type services from the network by employing existing network configurations.
In addition the paper has provided some considerations regarding parameterisation and configurations which would be beneficial for these devices. In particular aspects relating to drx-InactivityTimer, support for shortDRX-cycle and the length of the longDRX-cycle being aligned to the NAS Idle DRX cycle have been proposed to benefit these types of devices. 
However it has been highlighted that the network has no way to identify which devices could benefit from these optimised configurations. Without such knowledge the network must keep all UEs either in long DRX in which case the availability of resources and to which UE to allocate them could become problematic when the number of devices is high. Alternatively the network can transition them to IDLE whereupon there could be large signalling issues should many devices regularly establish a connection for short frequent packet transfers. Hence some device signalling mechanism would be beneficial.
Support of such a signalling indication would also help discourage UEs which find themselves in poor configurations from autonomously releasing their RRC connections by providing them a mechanism to request network recognition and provide optimal RRC Connected configuration.

For devices sending these short packets they can establish relatively quickly that the data transfer is complete either by acknowledged nature of the packet transfer or by the higher layer signalling. By sending a “No more PS data” indication this will enable the network to identify these devices, provide them with optimal DRX configuration as well as determine whether they can release any assigned UL resources. 
4. Conclusion

In order to support devices using always on type services or short and frequent packet data transmissions RAN2 should consider the proposals in section 3, and agree on the adoption of UE originated signalling to enable optimal network configuration support for these devices, and reduce the opportunity of poor UE implementations implementing autonomous release.
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