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DRX/DTX period setting for data inactivity periods faces conflicting requirements: 
Short discontinuous reception (DRX) and transmission (DTX) cycle lengths guarantees a short service continuation delay, thus allowing fast service availability. But the shorter the DRX/DTX cycle lengths, the higher the UE power consumption monitoring the paging (indicator) channels. 

DRX/DTX cycle handling is part of the LTE_ACTIVE state, where three options exist to run DRX/DTX cycle lengths:
· DRX/DTX based on SCH:
For UE power saving reasons, the UE will support DRX of the DL-SCH. Any discontinuous uplink transmission could be scheduled in a similar way. 
Discontinuous transmission and reception is ideal for services with known transmission patterns, such as VoIP. Improved DRX setting by the scheduler could be based on information of the active periods of the service which depend on the applications codec.
The DTX cycle lengths are limited, as the UE otherwise may loose its uplink synchronisation.

In UMTS, the CPC mode is a configuration where the resources are allocated as such that it is possible to transmit and receive discontinuously during data inactivity, but also continuous operation can be started whenever needed. Data transmission start times after inactivity can be restricted. The introduction of CPC mode was seen feasible especially for light exchange of data (e.g. VoIP), and for inactive data transfer periods handling in CELL_DCH. 

· DRX/DTX based on PCH and RACH (non-synchronised):
The PCH supports DRX for UE power saving reasons. It can be expected that the decoding of the PCH is more battery efficient than decoding the DL-SCH, given the same DRX times.
The efficiency of RACH use depends on the frequency of uplink transmission. The use of the RACH is required, then the UL synchronisation is lost. 
Services with unpredictable periods of data inactivity and in parallel with the need of very fast data transfer whenever data is available, may require that the UE is kept in LTE_ACTIVE to avoid transport bearer establishment delays (S1 bearer). DL activity is paged by the eNB to trigger the access procedure, which is also started when UL traffic is pending. The start of the access procedure is required if the UE is no longer uplink synchronised. 

In UMTS, the RRC Connection states CELL_PCH & URA_PCH allow fast service continuation, where the UE context stays preserved in the access network. The DRX cycle lengths are non-adaptive, and is the same for all UEs in these sub-states. 

· DRX/DTX based on PCH and UL-SCH (synchronised):
A hybrid of the two above solution is the use of the paging channel and the UL-SCH to indicate traffic activity. The use of the UL-SCH immediately after a period of traffic inactivity requires that the UE is still uplink synchronised. To guarantee this, periodical uplink transmission is required. 

The service provisioning delay represents a QoS attribute. The QoS of an SAE bearer is subject to subscription. However the operator may not be able to predict the applications and their service requirements when offering a bearer service to subscribers. The same type of SAE bearer may be used by one subscriber for WEB browsing, by another subscriber of PoC, and a third subscriber for a VPN connection with frequent transmission of security related data for VPN link integrity verification. Consequently, it may be difficult to determine an optional DRX/DTX cycle length during SAE bearer and/or SAE RB establishment. 
Instead the DRX/DTX cycle length should be dynamically optimised based on historical information, statistics, and other information, taking into account 

· service characteristics, such as data throughput (peak, average), packet arrival rate, known or estimated service schedule times.
The packet arrival rate estimates the idle periods between packets or bulks of packets, and can be used immediately to set DRX cycle times. The user activity may vary during the lifetime of a session, so the packet arrival rate, which then also allows an adjustment of the DRX periodicity. In order to improve the DRX planning the scheduler could also be supported by information of the active periods of the service which depend on the applications codec.
· terminal characteristics
E.g. a fixed terminal with unlimited power supply is not suffering under short DRX cycles.

· environmental conditions
in highly densely populated area radio conditions may change drastically within a small range, resulting in increased number of retransmission and lower cell throughput rates. In such environments, UEs have to be (statistically) notifed more often before detecting the DTXed DL-SCH or paging indication and/or decoding it then e.g. in rural areas. This leads to increased service continuation delay, which can be avoided by reducing the DRX periods.  

· radio conditions
If poor radio conditions have been observed for a UE, then the probability is high that the UE misses one or several DTX occasions, increasing the service continuation delay. Under these conditions, shorter DRX cycles are recommendable to compensate adverse radio conditions.

The adapted DRX cycle length could be either determined based on standardised formulas in the UE and LTE network independently, or signalled whenever necessary while the UE is in LTE_ACTIVE.
Adaptive DRX cycle length handling does not exclude flexible handling of SAE bearer / SAE radio bearer priorities. 
Note: The first three arguments listed above in favour of adaptive DRX/DTX cycle lengths in LTE_ACTIVE also apply for dynamic DRX setting in LTE_IDLE, as described in [3].
Conclusion: 
In this document we propose adaptive DRX/DTX cycle lengths in LTE, taking service and terminal characteristics under consideration as well as environmental and radio conditions. The aim is to find a best balance between service continuation delay and UE power consumption under changing service and terminal characteristics as well as changing radio and environmental conditions.
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