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Abstract of the contribution: This paper evaluates the proposal of optimising UE power consumption by using longer than current DRX cycles in RRC connected mode.
Introduction

SA2#94 agreed a solution proposal “long connected DRX” for TR 23.877 in tdoc S2-124250. The discussion part of that paper provided an interesting model and analysis of the UE power consumption, which identified an extraordinary gain with DRX periods of multiple minutes. Unfortunately the analysis considered only the needs of the lower layers and seems to assume a need for transferring a single uplink user data message only. The service offered to higher layers looks not necessarily suitable for typical applications and protocols due to a very large latency in the user plane, which will be regarded very likely as transmission error. In the following the needs of higher layers and related interaction are considered for deriving what range of DRX periods can be feasible for a long DRX and what other conditions are limiting the applicability of this solution.

Discussion

Following parameters are assumed by S2-124250 for the model and analysis.
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	Time parameter 
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While the power values look reasonable it is not obvious how such small time values can be assumed.

The accuracy of the clock that starts the activity in intervals of multiple minutes may require more sync time of 10 ms for getting back to the network timing. Tsync may be however neglected when considering timing requirements from higher layers.

When assuming a 20Mbit/s channel the transmit time of 50ms from the model might assume around 125kb uplink data. Or it is one RRC message and 100kb user data? However 10 ms receive time seem not to match with getting responses for multiple uplink messages.  The overall assumptions on messages/timing are not clear. Assuming a TCP connection for transferring application data or just some kind of application level or higher layer protocol confirmation the UE would need to be in receive mode trx for up to a few seconds.
The proposal assumes storing downlink SMS for 12 or 24 minutes in the eNB, which is not realistic. All NAS and SMS related protocol timers would need adjustment for this. Similarly it will not work for other NAS procedures and also not for protocols running via the user plane to work with latencies of multiple minutes. Hardly any existing protocol will be able to cope with a latency of several minutes.

When SMS should work with this solution proposal then an SMS may need to have a short time-to-live in eNB, which is aligned with SMS protocol timers. After expiry the S1 connection has to be released and the UE is considered unreachable so that existing SMS protocol and delivery means can be used. This will however require the UE to stay in short! cycle idle mode DRX for multiple seconds at least.
Assuming a 2.56 s idle mode DRX for 1 min and assuming the 50 ms uplink transmission once per 768 seconds from S2-124250, but adding a 2 seconds receive time allowing for a protocol answer for the uplink transfer, and also calculating with 384 s connected DRX cycle the excellent battery life time determined in S2-124250 reduces from 2 years 8 months to around 3 months.
These 3 months would work for having the device reachable for SMS-MT. A “connected mode” with a transfer delay of one or more minutes is however not suitable for application or transport protocols. A connected mode DRX that is longer than any typical timeout value of commonly used transport protocols makes no sense. This situation cannot be regarded as connected mode as the UE is hardly reachable. The result would be excessive retransmissions and error conditions for the 3GPP system and applications.
A connected mode DRX in the range of a few tens of seconds might be acceptable for typical application and transport protocols.

These evaluations show that a connected mode DRX may be only useful for values up to a few tens of seconds. Otherwise impacts on NAS and user protocols will be dramatic. For 25 seconds DRX the quite idealized model of S2-124250 shows a battery lifetime of around one year. With more realistic assumptions the lifetime is obviously considerably less. With shorter DRX periods the gain becomes less and also the advantage compared to idle mode DRX becomes less as the weight of the idle period decreases, like also identified in S2-124250.
The Solution evaluation needs to be updated with these findings. Also with the issue that long connected mode DRX values considerable increase the probability of error handling procedures due to UEs moving away from the eNB that holds the connection. S2-124250 claims that it can be diminished by moving the UE to idle mode, which however adds more RRC signalling and means finally for any moving UEs only idle mode DRX may be applicable.
Proposal

It is proposed to update TR 23.887 ver 0.6.0 as following:

7.1.3.6
Solution: Long DRX cycles in connected mode

7.1.3.6.1
General

The solution described in this clause addresses the key issue “UE Power Consumption Optimizations.”

Allowing for longer DRX cycles in connected mode allows the terminal to switch off its radio transmitter and receiver for longer periods of time, and thus reduce its power consumption. This is especially useful for MTC use cases where the terminal has only infrequent data to send or receive and it is silent in between, e.g. for sensor types of devices. From AS point of view it is possible to define connected mode DRX periods as long as several minutes. The caused impacts on NAS layer, other services and user plane need separate consideration. Also 3GPP offered services like location interrogation or mobile terminated SMS likely experience protocol time-outs before any successful service operation. For many application and transport protocols a maximum of very few tens of seconds may be assumed as otherwise those protocols may start already with repetitions and error handling for any downlink initiated actions due to the high latency caused by a long DRX cycles. From application level perspective such long DRX cycle (longer than a few tens of seconds) are mainly suitable for applications with only mobile originated transactions or for applications that have been adapted to be delay tolerant. The handling of any NAS and other 3GPP services requires specific adjustments, which are FFS.
Long DRX cycles in connected mode are enabled in UTRAN/E-UTRAN by providing new values and/or parameters for long DRX cycles in RRC/MAC in a backwards compatible way. That is, UEs not requiring low power consumption are not impacted.

This solution assumes the long DRX cycle value is selected locally in the UTRAN/E-UTRAN, but RAN would need to evaluate whether there is a need to standardise some additional means as outlined in solutions described in sub-clause 7.1.3.7.

When applying a longer DRX cycle value, the inactivity timer for releasing the RRC connection should be adjusted accordingly.
NOTE1:
The need for modifying mobility measurement procedures and core network mobility handling during long connected mode DRX cycles would depend on 3GPP RAN WGs analysis on the topic. 
NOTE2:
There can be also other RAN level mechanisms, which allow the UEs to switch off reception for a longer time, while they are in the connected mode, e.g., by extending the paging cycle length in UTRAN URA/CELL_PCH (or a in a similar new state in E-UTRAN). The impacts on the core network, presented in this sub-section, are applicable also to these alternatives. 
Editor’s Note:
How to achieve overload control when applying long DRX cycles in connected mode is FFS e.g. RAN barring mechanisms are only applied in idle mode.
7.1.3.6.2
Impacts on existing nodes and functionality

The system impact is focused on the RAN (i.e. including the UE on Access Stratum layer), e.g. RAN need to ensure that UE gets aware of SIB changes etc. 

The CN impacts may be:

-
depending on which mechanisms to use in configuring the long DRX setting e.g. for certain types of UEs;
-
if connected mode DRX periods should become longer than NAS and 3GPP feature procedure timers then  NAS protocols, 3GPP feature specific protocol (e.g. location query) and also SMS related protocols need to be changed
-
a high user plane latency is introduced for downlink initiated transfers, 
-
In case the solution is applied to mobile UEs the amount of S1 error handling or NAS recovery procedures will increase. 
The RAN impacts may be:

-
depending on which mechanisms to use it requires some signalling of long DRX settings e.g. for certain types of UEs;
-
the number of UEs that are kept in connected mode increases, the eNB has to keep more contexts
-
a longer time-to-live for downlink UP and CP data units in RAN may require adjustments for buffer handling; specific actions may be required for interaction with NAS or other higher layer procedures (e.g. the eNB may have to release the S1 connection at time-to-live expiry to inform the CN that the UE is not reachable and the CN can fall back to idle mode handling), the specific handling is FFS
-
In case the solution is applied to mobile UEs the amount of S1 error handling or NAS recovery procedures will increase.
The 3GPP RAN WGs would need to evaluate the current procedures to see if there is impact on core network.
7.1.3.6.3
Solution evaluation

There are gains in energy and power consumption by using longer DRX cycles. Using cycles of maximum up to several minutes would however reduce responsiveness of low mobility MTC devices and will require applications that can tolerate this.
Overall gains are achievable for stationary UEs. Moving UEs cause more error handling procedures and overhead with this approach or have to change to idle mode and can therefore not gain from the long DRX cycles in connected mode solution. The solution may be used only for stationary UEs because mobile UEs either cause considerable S1 error handling / S1 recovery overhead or would need to leave the connected mode with causing extra signalling for synchronising this with the network. 
Keeping the UE for a long time in connected mode would decrease the signalling load for stationary UEs, but it would increase the memory usage in eNB (i.e. for keeping UE context and for storing DL packets including MT-SMS). Further it increases the probability of S1 error handling / S1 recovery procedures, and thereby causes additional signalling load and power consumption for UE and network. Major adjustments may be needed in RAN and CN when the DRX cycle becomes longer than the timers of the NAS or SMS procedures.
Connected mode DRX cycles of a few tens of seconds might be feasible without major impacts on 3GPP and user/application protocols. It is FFS how much the gains would be with DRX values of a few ten of seconds, specifically in comparison to long idle mode DRX. 
Further evaluation of this solution should be done by RAN.
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