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1
Introduction
In an LS to RAN2 (R2-084978 [1]), SA2 raised concerns about possible loss of synchronisation in RRC state between UE and the network. If UE remains in connected state whilst the network believes the UE in Idle mode, then UE might never receive paging as long as it remains in connected mode (especially if it is a low mobility UE). Similarly, it can happen that UE goes out of EUTRAN coverage in connected mode and network still assumes UE is in ‘long lived’ connected mode DRX.
At NAS level, the Periodic TAU procedure is available to allow the network to deduce whether a UE is in EUTRAN coverage in IDLE mode. The MME can then invoke an implicit detach procedure once it has deduced that the UE is out of EUTRAN coverage for a long time. 

Such Periodic TAU procedure cannot be performed within the ECM-CONNECTED state at NAS level. Since the ECM-CONNECTED state can be long lived, a mechanism is required to guard against the loss of synchronisation of RRC state between UE and network. 
At RAN2#61bis, this issue was raised in R2-081551 [2] and a number of proposals made to address it. However, RAN2 concluded that sufficient mechanisms exist at AS level to perform a periodic check. Even though we do not dispute the fact the AS might have sufficient mechanisms for a periodic check, we believe that the need for periodic updates at AS level during connected mode DRX has to be captured as a requirement in TS 36.300 [3].

This document proposes to capture the requirement for periodic updates at AS level in TS 36.300.  
2 Periodic Tracking Area Updates at NAS 

The UE maintains a TAU periodic timer in idle mode [4]. When this timer expires, UE sends a TAU message to the MME. Typically, the MME also maintains a similar timer and resets the timer when this TAU message is received. In case the UE is out of coverage, the MME would not receive the TAU message. MME starts a longer timer and awaits for the periodic TAU update. If MME is not contacted by UE before the timer expires, MME knows that UE has been out of coverage for a long time and invokes an implicit detach procedure. This implicit detach procedure is linked to IMS and (in case of CS fall back to the MSC) for features such as call forwarding. Hence, it is vital that the network knows when the UE is out of coverage to perform the implicit detach procedure. 

3 Periodic Updates at AS level
Currently, there is no requirement at AS level for a UE in a ‘long lived’ connected mode to keep the network informed about whether it is in coverage or not. 

Proposal : A periodic update mechanism is required at AS level to keep the network informed of whether a UE in ‘long lived’ connected mode is in EUTRAN coverage or not. 

It is proposed that this requirement is captured in TS 36.300, as described in the CR in the Appendix 

4 Summary
In this document, Vodafone raises the issue of loss of RRC state synchronisation while UE is in a ‘long lived’ Connected Mode DRX state. The following proposal is made:

Proposal : A periodic update  mechanism is required at AS level to keep the network informed of whether a UE in ‘long lived’ connected mode is in EUTRAN coverage or not

RAN2 is kindly requested to discuss this issue and capture the requirement in TS 36.300. In our view, the current periodic measurement reporting mechanism in TS 36.331 [5] is sufficient to address this requirement as discussed in R2-086461[6] with the appropriate value range for the periodic report interval. However, RAN2 is encouraged to consider alternative solutions to this problem if the proposed solution is not appropriate and ascertain that they meet the requirement for periodic updates at AS level. 
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Start of Change

7.5 RRC State Synchronisation
Mechanisms are required to guard against the loss of synchronisation between Network and UE. Loss of RRC state synchronisation can happen for example when:

- UE autonomously enters RRC_IDLE following Radio Link Failure but network assumes UE is still in RRC Connected Mode 
 -UE is switched off when temporarily out of EUTRAN coverage.
As an example, the network may send periodic PDCCH order to the UE with dedicated RACH preambles and the RACH response can be used as a confirmation that UE is still in Connected Mode and in EUTRAN coverage. If no RACH response to the dedicated preamble is received network can send an indication to higher layers to take appropriate actions. As an alternative, network may also configure UE to send periodic measurement reports to the network (see Section 10.3.2.2.1.2.2).
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12
DRX in RRC_CONNECTED 

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);

-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used in ECM-IDLE;
-      Periodic updates sent to network to indicate that UE remains in EUTRAN coverage.
-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission;
-
When DRX is configured, the UE may be further configured with an "on-duration" timer during which time the UE monitors the PDCCHs for possible allocations;

-
When DRX is configured, periodic CQI reports can only be sent by the UE during the “active-time”. RRC can further restrict periodic CQI reports so that they are only sent during the on-duration;

-
A timer in the UE is used to detect need for obtaining timing advance.

The following definitions apply to DRX in E-UTRAN:

-
on-duration: duration in downlink subframes that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

-
inactivity-timer: duration in downlink subframes that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions).

-
active-time: total duration that the UE is awake. This includes the “on-duration” of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired and the time UE is performing continuous reception while waiting for a DL retransmission after one HARQ RTT. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite);

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are signalled to the UE by the eNB:

-
There is only one DRX configuration applied in the UE at any time;

-
UE shall apply an on-duration on wake-up from DRX sleep;

NOTE:
this is also applicable for the case where the UE has only one service (e.g. Real Time) that is being handled through the allocation of predefined resources; this allows for other signalling such as RRC to be sent during the remaining portion of the active time.

-
New transmissions can only take place during the active-time (so that when the UE is waiting for one retransmission only, it does not have to be “awake” during the RTT).

-
If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e. the UE can enter DRX sleep if allowed by the DRX configuration):

-
This applies also for the sub-frames where the UE has been allocated predefined resources.

-
If it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resources) until a MAC control message tells the UE to re-enter DRX, or until the inactivity timer expires. In both cases, the DRX cycle that the UE follows after re-entering DRX is given by the following rules:

-
If a short DRX cycle is configured; the UE first follows the short DRX cycle and after a longer period of inactivity the UE follows the long DRX cycle;

-
Else the UE follows the long DRX cycle directly.
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