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1	Introduction
Early Data Transmission (EDT) has been specified in Rel-15 based on the objectives provided in [1] and [2]. The motivation for introducing a mechanism for data transmission with less overhead compared to legacy, i.e. control plane signalling load prior to data transmission, was to reduce UE power consumption rather than data transmission at an earlier stage:
•	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 reports provided by sensors on regular basis or due to an alarm triggered for access, Power Saving Mode (PSM) is a beneficial feature to minimize UE power consumption. Therefore, it is very likely that a device configured for PSM would use EDT. In RAN2#103 we provided a contribution [3] discussing some potential issues in case a UE configured with PSM uses EDT. It was stated in the contribution that these issues lie mainly outside the scope of RAN2 and should be discussed in CT1. In the current version of the specifications, UE does not move to EMM-CONNECTED mode when in EDT if eNB decides not to move the UE to RRC_CONNECTED (for both CIoT CP and UP optimizations). This causes a mismatch between the UE and the network regarding the condition to reset T3412 and T3324 timers when PSM is configured. For related contributions in CT1, see [4], [5], and [6] for further details.
In this contribution, we discuss the outcome of the related discussion in CT1 and the impact in RAN2.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk528537765]2.1	Power Saving Mode (PSM)
Power Saving Mode (PSM) is a feature introduced in Rel-12. It can provide very long battery lifetime for UEs that have typically infrequent data exchange where quick downlink reachability is not necessarily needed. A UE configured with PSM stays in a power efficient sub-state to RRC_IDLE, i.e. deep sleep, in which all AS functionality is switched off (almost as if power is turned off, but no re-attach is needed when it is on again). After the UE is released to idle mode, it stays in idle for a certain time to be reachable via paging before moving to deep sleep. The period of time during which the UE is reachable via paging is configurable with the 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: _Toc517699901]
Figure 1: Schematic illustration of Power Saving Mode (PSM).
[bookmark: _Hlk528540609]
2.2	Using EDT when PSM is configured
For the typical use case of MO periodical uplink data reports, e.g. sensor readings etc., Power Saving Mode (PSM) is an efficient mechanism to reduce the UE power consumption. PSM is a legacy feature with respect to EDT and considering the use cases discussed above briefly, it is very likely that a UE configured with PSM would use EDT. However, timers used for PSM, i.e., ‘active time’ (T3324) and ‘period TAU’ (T3412), are only restarted when UE leaves EMM_CONNECTED according to TS 24.301. Therefore, it is expected that such transition, i.e. entering EMM_CONNECTED and leaving, occurs when UE has initiated EDT and subsequently, after the data transmission, remains in Active Time. 

[bookmark: _Toc528801310]Power Saving Mode (PSM) may not work as intended since a UE using Early Data Transmission (EDT) need not enter EMM_CONNECTED.

[bookmark: _Toc520930828]2.3	Timer reset when using EDT
UE requests an active time, for the timer T3324, to activate PSM during periodic TAU and the network configures the UE with PSM by assigning a T3324 value (TAU request and TAU accept messages). In addition, the UE can also request a (extended) value for the periodic TAU timer T3412. 
[bookmark: _Hlk520928619]In the MO data transmission scenario when UL data interarrival time is shorter than the periodic TAU timer T3412, TAU will never be triggered using PSM. The rationale is that it is not needed since there will be an interaction on NAS layer over S1 interface during the connection. Consequently, the timers T3412 and T3324, are reset and restarted when the UE leaves EMM-CONNECTED mode according to TS 24.301:
· [bookmark: _Hlk528653855]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”.

In TS 24.301, the following cases are captured regarding conditions for a UE to enter EMM-CONNECTED mode:
· In section 5.3.1.1	“Establishment of the NAS signalling connection”
...
In S1 mode, when the RRC connection has been established successfully, the UE shall enter EMM-CONNECTED mode and consider the NAS signalling connection established.
In S101 mode, when the cdma2000® HRPD access network resources are available for tunnelled NAS signalling, the UE shall enter EMM-CONNECTED mode and consider the S101 mode NAS signalling connection established.
· In section 5.3.1.3	“Suspend and resume of the NAS signalling connection”
…
In the UE, when user plane CIoT EPS optimization is used:
…
-	Upon indication from the lower layers that the RRC connection has been resumed when in EMM-IDLE mode with suspend indication, the UE shall enter EMM-CONNECTED mode. If the pending NAS message is:
…
	In the network, when user plane CIoT EPS optimization is used:
-	Upon indication from the lower layers that the RRC connection has been suspended, the network shall enter EMM-IDLE mode with suspend indication, shall not consider the NAS signalling connection released and shall not consider the secure exchange of NAS messages terminated; and
-	Upon indication from the lower layers that the RRC connection has been resumed when in EMM-IDLE mode with suspend indication, the network shall enter EMM-CONNECTED mode.

With the way EDT is captured in the current version of RAN2 specifications, the UE may never enter EMM-CONNECTED mode as observed in the excerpts provided from TS 24.301 above; and the related timers may not be reset which results in the following unwanted behavior:
· Even though UE has just transmitted in the UL and its location becomes known to the MME, TAU procedure will still be triggered causing unnecessary signaling for the UE and the network, which would then lead to 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 the timer T3412 and T3324 should be confirmed so that PSM works as intended when EDT is used. One option is to indicate from AS to NAS layer that EDT procedure has been completed, in order for the NAS layer to trigger necessary actions accordingly, e.g. timer reset. Another option is to make sure that NAS layer gets the same indication as without EDT, i.e. RRC connection established followed by RRC connection release for CP-EDT and RRC connection resumed followed by RRC connection suspended/release for UP-EDT, to avoid any impact on the NAS layer. The behavior of these timers is captured in CT1 specifications, thus it is not entirely within RAN2’s scope to discuss and make the necessary changes in the specifications to address the issue given above.

[bookmark: _Toc528801311]The conditions to reset T3412 and T3324 timers need to be confirmed so that PSM works as intended when EDT is used.

2.4	Successful completion of EDT and state transition
For CP-EDT solution, in TS 36.300 it is stated in subclause 7.3b.2 that RRC connection is not established, i.e. the UE remains in EMM-IDLE mode when AS layer successfully completes early data transmission and the eNB decides to release the UE. In TS 36.331, it is specified in subclause 5.3.3.4b that, upon reception of RRCEarlyDataComplete message, AS layer indicates the release of RRC connection to upper layers with release cause 'other'.
For UP-EDT solution, similarly in TS 36.300 it is stated in subclause 7.3b.3 that RRC connection is not established, i.e. the UE remains in EMM-IDLE mode when AS layer successfully completes early data transmission and the eNB decides to release the UE. 
CT1 discussed this mismatch issue in the last WG meeting and it was observed that the NAS layer of the UE receives an RRC connection release indication from the AS layer even though the UE is in EMM-IDLE mode. This would mean that during a successfully completed CP-EDT, when eNB decides not to keep the UE in connected mode, MME transitions from EMM-IDLE to EMM-CONNECTED mode and back to EMM-IDLE mode, while the UE remains in EMM-IDLE. CT1 has sent an LS to RAN2 to inform that these mismatched EMM state transitions can result in de-synchronization of the NAS state in the UE and the NAS state in the MME. It is also noted in the LS that this would have negative impact on the treatment of certain EMM timers, e.g. T3324 and T3412. Note that this observation also applies to the case for UP-EDT.
In the LS, CT1 asked RAN2 if AS layer in the UE provides an indication so that the NAS layer becomes aware of the state transition, i.e. EMM-IDLE to EMM-CONNECTED mode and back to EMM-IDLE mode, and trigger the relevant actions, e.g. resetting the timers T3324 and T3412. As mentioned in the section above, the following can be considered to address this issue, i.e. indication from AS to NAS layer that EDT procedure has been completed, or same indication, as without EDT, is received in the NAS layer. Considering that it would be better if EDT is transparent to NAS layer, we prefer RRC layer to indicate that “RRC connection has been resumed” followed by "RRC connection has been suspended/released" for UP-EDT and “RRC connection has been established” followed by "RRC connection has been released" for CP-EDT to higher layers during EDT procedure, i.e. the latter option mentioned above.

[bookmark: _Toc528801314]RRC layer indicates that “RRC connection has been resumed” followed by "RRC connection has been suspended/released" for UP-EDT and “RRC connection has been established” followed by "RRC connection has been released" for CP-EDT to higher layers during EDT procedure.

A draft for the reply LS to CT1 is provided in [7] and the changes to be captured corresponding to the proposal above are provided in [8].
3	Conclusion
In this contribution, we discuss the outcome of the discussion in CT1 and the impact in RAN2. We made the following observations: 
Observation 1	Power Saving Mode (PSM) may not work as intended since a UE using Early Data Transmission (EDT) need not enter EMM_CONNECTED.
Observation 2	The conditions to reset T3412 and T3324 timers need to be confirmed so that PSM works as intended when EDT is used.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RRC layer indicates that “RRC connection has been resumed” followed by "RRC connection has been suspended/released" for UP-EDT and “RRC connection has been established” followed by "RRC connection has been released" for CP-EDT to higher layers during EDT procedure.
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