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1
Introduction
In RAN#65, a new SI on Small Data Transmission Enhancements for UMTS was approved [1], one of its objectives is to consider a longer DRX cycle (compared to the 5.12 seconds maximum possible as of today) as potential battery life saving solutions:
	· Device power saving enhancements (for example extended DTX/DRX cycles**) (RAN1 RAN2)


In this paper, we propose to discuss possible configurations for longer DRX cycle.
2
Longer DRX configuration options
2.1
Baseline DRX configuration
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Figure 1: Baseline DRX configuration (assuming UE is only registered to PS domain)

Option A) above is offered by the legacy configuration option for Idle and Connected mode UEs. A UE in such a mode will monitor the Paging Occasion (PO) every Discontinuous Reception (DRX) cycle (configurable up to 5.12 seconds). The PO monitoring is governed by the equation below: 

Paging Occasion=
{(IMSI div K) mod (DRX cycle length div PBP)} * PBP + n * DRX cycle length + Frame Offset
For FDD, PBP (Paging Block Periodicity) =1, and Frame Offset =0
So the Paging occasion equation for FDD is:

Paging Occasion = {(IMSI div K) mod DRX Cycle Length} + (n * DRX Cycle Length)
Long (up to 40.96 seconds) and extended DRX (longer than 40.96 seconds and less than 60 min) mechanisms offer a flexible sleep period to improve battery life usage under different data transfer scenarios. The next section presents different options showing combinations of long and extended DRX cycle.

2.2
Options for long and extended DRX configuration
A simple extension of A) would be the following configuration B).
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Figure 2: Only longer DRX (up to 40.96 seconds)

The configuration in Figure 2 is simple. A UE is configured with a longer DRX cycle (up to 40.96 seconds). During this period the UE monitors the PO using the legacy equation described in section 2.1. The advantage of such a configuration is that the UE battery life is positively impacted because of a higher sleep to on ratio and the PO monitoring is the same as legacy UEs. 

An application to configure option B) would be for smartphone UEs that have infrequent/periodic keepalive type of data to send in the uplink. However, in practice this may be only offered for UEs which do not rely on transport protocols like TCP or in cases where the transport layer could tolerate higher keepalive times (say beyond 20 seconds). For such sensitive applications an appropriate value commensurate to the tolerable delay may be configured to offer a good balance between battery saving potential and desired keepalive times.
Option B) could be applied for RRC_IDLE mode UEs with higher values (for e.g. even up to 30-40 seconds) while in RRC_CONNECTED mode typically the values would be shorter (for e.g. less than 20 seconds or so).

Option B) could be extended to cover UE(s) which exhibit fixed transaction time (for e.g. their data transmission times are predictable). This is Option C) illustrated below.
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Figure 3: Combination of legacy DRX and direct extended DRX
In Figure 3, a UE configured as such would first execute N1 repetitions of a legacy DRX cycle (up to 5.12 seconds). Once complete, the UE enters into an extended DRX cycle, during which it is unreachable by the network. This option is similar to PSM. The main difference being that the UE is reachable with the legacy DRX cycle in N1 legacy DRX repetitions thus allowing for network paging. This option allows for an efficient sleep mechanism without compromising on missing a paging occasion due to possible reselection between cells.

Option C) suffers from the same constraint as Option B) as regards to possible timeout of application layers as mentioned in an earlier paragraph. Also this option could be applied equally to RRC_IDLE and RRC_CONNECTED mode. However, for large values of extended DRX period operating in RRC_IDLE is more suited.  
Instead of executing extended DRX, a UE could be configured to execute the long DRX after N1 repetitions of legacy DRX. This is summarized in Option D) below.


[image: image4.emf]PO PO PO

D)

(up to 5.12 seconds)

PO

PO

Long DRX

(N1 repetitions of legacy DRX cycle)

...


Figure 4: Combination of legacy DRX and long DRX
In Figure 4, a UE configured as such would first execute N1 repetitions of a legacy DRX cycle (up to 5.12 seconds). Once complete, the UE enters into the long DRX cycle. Such a mechanism allows UEs with variable transaction times still to benefit from battery life savings. However compared to Option C) a UE might not be able to gain significantly from battery savings because it is not having an extended DRX operation. Option D) could be more favorable to applications that require shorter keepalive times in RRC_CONNECTED mode. Similar to Option C), larger values of the long DRX are more suited for RRC_IDLE operation with more nimble network monitoring compared to Option C). 
In some scenario, it might be advantageous to allow the UE to slowly drift between long and extended DRX. One reason to do that is to allow flexibility for the network to reach the UE in case some applications have a higher spread of transaction times which exhibit a high degree of variance.



Figure 5: Combination of legacy DRX, long and extended DRX


In Figure 5, a UE configured as such would first execute N1 repetitions of a legacy DRX cycle (up to 5.12 seconds). Once complete, the UE enters into a long DRX cycle where is executes N2 repetitions of the configured period. Once this time period elapses, a UE would drift into the extended DRX cycle where it potentially stays for several 10’s of minutes. Such a mechanism allows UEs with variance in transaction times still to benefit from battery life savings and also ensure reachability from the network before drifting into potentially higher values of the extended DRX (as an example say roughly  for 30 minutes or so).
Option E) adds a higher degree of complexity because the UE and the network will have to keep track of the phase. This option is most suitable for RRC_IDLE.
3
Conclusion
In this paper, we discussed possible combinations of DRX cycle configuration. Each of the options presented in the previous section are in principle feasible. However, it must be noted that each configuration brings upon the network a degree of complexity while providing a tradeoff between the transaction time required by the application and the battery savings potential. Also for smart phone applications both options C) and D) might be counter-productive because of the latency requirement from keepalive associated to certain application level protocols, and if we anyway resort to using a relatively short DRX cycle, then an option B) could fully suffice. For instance, some devices could be configured with a simple single-stage DRX of e.g. 5-10 seconds. Another differentiation factor to consider is whether a UE is in RRC_CONNECTED or RRC_IDLE. If a UE is in RRC_IDLE, then more aggressive options C) and D) would be more reasonable whereas in RRC_CONNECTED could follow a more friendly option B). Hence the above mentioned configuration options could serve as a valuable guide in choosing the appropriate configuration under given network and application situations.
Proposal 1: Discuss the considerations and configuration options for longer DRX cycle operation.
Also a text proposal has been written in [2] to summarize the different configuration options for longer DRX cycle operation.
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