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[bookmark: _Toc520930821]Introduction

The main features of the Rel-15 Early Data Transmission (EDT) [1][2] were completed for RAN#80. The Rel-15 EDT solution was focused on supporting the mobile originated (MO) data use-case, and mobile terminated (MT) data has been postponed to Rel-16 Work Items. The motivation of EDT was to provide UE power consumption reduction [2]:
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

For MO use-cases, such as UL sensor reports, the Power Saving Mode (PSM) can provide the lower UE power consumption. In this paper, we discuss the possible issues where a UE configured with PSM uses EDT, and we question whether this combination works as intended. 
[bookmark: _Ref511996703][bookmark: _Toc520930822]Discussion
[bookmark: _Toc520930823]Rel-12 Power Saving Mode
Power Saving Mode (PSM) was introduced in Rel-12 and is a feature which can provide very long battery life for UEs with infrequent data exchange and no need for quick downlink reachability. PSM works by keeping the UE, for most of the time, in a power efficient sub-state to RRC_IDLE in which all AS functionality is switched off (almost like power-off but no re-attach needed). After a connection, the UE moves to this power saving state after it has been available for possible paging a certain time in RRC_IDLE mode. This availability to paging is controlled by configurable Active Time (T3324) parameter, and the UE will return from this state either upon UL data transmission or via triggering a periodic TAU (T3412). This is illustrated [image: ]in Figure 1.[bookmark: _Ref520929764]Figure 1: Schematic illustration of Power Saving Mode operation.

.
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[bookmark: _Toc520930824]Issue with EDT and PSM combination
For the typical IoT use case of MO periodical uplink data reports, e.g. sensor readings etc., using Rel-12 Power Saving Mode (PSM) is often a good choice for reducing the UE power consumption. That is, if downlink data transmissions are expected rarely, and MO data interval  is shorter compared  to periodical TAU timer, it is beneficial to maximize the sleep periods for the UE, and in such case PSM can be used to achieve good battery performance.
The intention is that Rel-15 EDT works in combination with PSM. However, the timers used for PSM, ‘active time’ (T3324) and ‘period TAU’ (T3412), are only restarted when the UE leaves EMM_CONNECTED according to TS 24.301. Thus, it should be clarified if such state transition occurs when UE has initiated EDT and subsequently, after the data transmission, remains in Active Time as configured before moving to full PSM with deactivated AS functionality. 
[bookmark: _Toc520930827][bookmark: _Toc520930857][bookmark: _Toc521510278][bookmark: _Toc521510605][bookmark: _Toc521510626][bookmark: _Toc521511001][bookmark: _Toc521571854][bookmark: _Toc521592588][bookmark: _Toc521624709]Since a UE using Early Data Transmission need not enter EMM_CONNECTED, Power Saving Mode might not work as intended.
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PSM is activated by the UE requesting an Active Time (timer T3324) during periodic TAU and the network accepts by assigning a T3324 value to the UE (TAU request and TAU accept messages). In addition, the UE can also request and (extended) value for the periodic TAU timer T3412. 
[bookmark: _Hlk520928619]In the MO data scenario when the UL data interarrival time is shorter than the periodic TAU timer T3412, TAU will never be triggered using PSM. The rationale for this is that it is not needed since there will be an S1 and NAS during the connection. This is achieved by T3412, and T3324, being reset and restarted when the UE leaves EMM-CONNECTED state according to TS 24.301:
· Periodic TAU: “Timer T3412 is reset and started with its initial value, when the UE changes from EMM-CONNECTED to EMM-IDLE mode”.
· Active Time: “...timer T3324 is reset and started with its initial value, when the MS changes from EMM-CONNECTED mode to EMM-IDLE mode. Timer T3324 is stopped when the MS enters EMM-CONNECTED mode or EMM-DEREGISTERED state”.
With EDT the UE may never enter EMM-CONNECTED, and the timers above may not be reset which results in the following undesired behavior (see Figure 1):
· [bookmark: _GoBack]Even though the UE has just transmitted in the UL and its location made known to the MME, TAU procedure will still be triggered causing unnecessary signaling for UE and the network, and increased UE power consumption.
· The network and the UE are not aware that UE is reachable during the Active Time as configured and intended after EDT transaction.
The conditions to reset T3412 and T3324 should be confirmed so that the EDT case mentioned above is covered properly. However, these timers are not captured in RAN2 specifications, thus it is not within RAN2’s scope. One approach could be to indicate from AS to NAS layer that EDT procedure has been completed, in order for the NAS layer to trigger necessary action accordingly, e.g. timer reset. It is however not clear if such indication is needed, i.e. this depends on if CT1 agrees that there is an issue and it needs to be addressed.
[bookmark: _Toc521592590][bookmark: _Toc521624710]An indication from the AS layer can be provided to the NAS layer upon EDT completion, however it is not clear if such indication is needed.
Therefore, we propose to clarify RAN2’s understanding regarding the issue discussed above and send an LS to CT1 to confirm such understanding and initiate any updates in the specifications if needed: 
[bookmark: _Toc521510280][bookmark: _Toc521510607][bookmark: _Toc521510628][bookmark: _Toc521511003][bookmark: _Toc521571856][bookmark: _Toc521592591][bookmark: _Toc520930740][bookmark: _Toc520930830][bookmark: _Toc520930859][bookmark: _Toc521624711]Send an LS to CT1 (cc: SA2) to clarify RAN2’s understanding regarding the issues that may occur when a UE configured with PSM uses EDT. 
[bookmark: _Toc520930831]Conclusion
Based on the discussion in Section 2 we make the following observations and proposals:
Observation 1	Since a UE using Early Data Transmission need not enter EMM_CONNECTED, Power Saving Mode might not work as intended.
Observation 2	An indication from the AS layer can be provided to the NAS layer upon EDT completion, however it is not clear if such indication is needed.
Proposal 1	Send an LS to CT1 (cc: SA2) to clarify RAN2’s understanding regarding the issues that may occur when a UE configured with PSM uses EDT.
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