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1.
Introduction
At the last joint meeting with SA2 and RAN3 in Denver, it was agreed that power saving performance of UE in LTE_ACTIVE should be comparable to that of UE in LTE_IDLE. 
In this document, we look into UE sub state in LTE_ACTIVE. 
2.
Discussion
2.1 Synchronization in LTE_ACTIVE UEs
In OFDM system, it is important that transmissions from all UEs should be received with synchronization at eNB. To achieve this, eNB send command to each UE whether to advance or delay the UE’s transmission timing based on the received UE signal. This operation does not occur only once. Due to UE mobility or channel condition, the synchronization status should be monitored continuously and UE transmission timing has to be adjusted according to the measurement result during connection is established.
But maintaining synchronization does not come without cost. For eNB to measure the synchronization status of a UE in uplink direction, the UE have to transmit at least one of uplink data, pilot, CQI, or ACK/NACK, etc.  Thus, to keep UE in synchronized state, the eNB should schedule uplink radio resource for that UE even when there is no uplink and downlink data for the UE. This will not only limit the usable radio resources leading to lower throughput but also reduce the standby or talk-time of the UE.
Thus, when there is no downlink or uplink traffic for a UE, it is better not to allocate any resource for any transmission. In order word, there is no need to keep a UE continuously synchronized in uplink direction. Furthermore, if the transition time from non-synchronized state to synchronized state is small, then the impact on the user experience will be quite small.

Accordingly, it is proposed to allow for a LTE_ACTIVE UE not to maintain synchronization in uplink. For efficient radio resource use, it seems better for MAC of eNB to control the synchronization status of the UE.
Conclusion: 
LTE_ACTIVE UE is classified into synchronized LTE_ACTIVE UE and non-synchronized LTE_ACTIVE UE according to their synchronization status in uplink.
2.2 Transition from Non-sync to Sync of LTE_ACTIVE UE
If we agree to allow non-synchronized LTE_ACTIVE UE, then there should be a mechanism to bring back the UE to synchronized state. Two use scenarios are seen. First event is when a UE has uplink data to transmit and the second case is when eNB has downlink data to transmit.

In first case, because a UE has no dedicated resource, it first has to perform RACH procedure to synchronize uplink and to notify eNB of its buffer status. After that, a UE can transmit uplink data using allocated dedicated resource. This event is always initiated by UE.
In the second case, UE should be brought to synchronized state when eNB received downlink data for the UE from aGW or when eNB wants to exchange signalling message. This event is initiated by eNB. Following two procedures should be performed before actual downlink transmission. 
First procedure is to notify upcoming traffic to the UE. If DRX and DTX mechanism for LTE_ACTIVE is used for LTE_ACTIVE UE to save power consumption, the eNB will indicate the pending downlink traffic at the wake-up timing of the UE. The wake-up timing may have been negotiated between eNB and UE or may have been assigned by eNB. At the time of wake-up, UE temporary ID assigned by eNB will be indicated in the L1/L2 control information.

Next procedure is to synchronize UE uplink transmission. Without synchronized uplink, paging of incoming data will be useless. It’s because low error ratio of data transmission will be ensured by using HARQ and HARQ requires feedback such as Ack/Nack from receiving side. Additionally, UE needs to report CQI information to assist eNB’s selection of optimal resource block. To guarantee reliable reception of these pieces of information at eNB, it is required to synchronize uplink before actual downlink traffic transmission starts.
But to let UE to synchronize uplink by using RACH will not be optimal. Because RACH is contention based channel, it is not free from conflict. Any contention in the RACH will delay the UE response time degrading user experience. Then following two options can be pursued to reduce time in achieving synchronization in uplink direction for downlink traffic or signalling.

Option 1: To assign UE dedicated RACH signature.
In this option, eNB allocate reserved RACH signature while notifying pending downlink traffic. Because it is a UE dedicated signature, it’s easier for eNB to react and there will be no confliction between multiple UEs. But other signature of other UEs will degrade the detection probability at eNB. 
Option 2: To assign UE dedicated resources.

In this option, eNB allocate a dedicated radio resource for a UE. That resource is used to synchronize the UE’s uplink transmission. In fact, this can be thought as RACH resource with purpose to synchronize uplink. Even though the subframe format of that resource can configured quite similar to that of RACH, the detection will be more reliable and synchronization can be achieved quite easily due to the fact that the resource is used only by that UE. And if eNB allocates radio resource for CQI also, then it will be also useful to eNB’s scheduling decision. Because there is no need to differentiate UEs and only one UE access the resource, more optimized frame format also can be investigated. 
Conclusion: 
For uplink traffic or signalling, RACH procedure will be used to regain uplink synchronization for non-synchronized LTE_ACTIVE UE.

For downlink traffic or signalling, dedicated radio resource is used to regain uplink synchronization for non-synchronized LTE_ACTIVE UE. 
2.3 Transition from Sync to Non-sync of LTE_ACTIVE UE

When no uplink and downlink traffic is received for a UE for a certain amount of time, then the eNB may want to remove any allocation of radio resource for the UE. This resource may include not only user traffic but also L1/L2 control channel, CQI, pilot, etc. As stated in previous sections, when there is no uplink transmission, the uplink synchronization in uplink will not be guaranteed. But it is not always true that the UE loses uplink synchronization as soon as it terminates uplink transmission. In following cases or method, the UE can declare itself as non-synchronized in uplink direction.
Transmission Timer:
Whenever a UE transmit traffic and/or data associated and/or data non-associated control information, it starts or restarts transmission timer. Whenever the timer expires, the UE regards itself non-synchronized in uplink direction. Because eNB controls the time and allocated radio resources for that UE, the mismatch between eNB’s and UE’s state will not occur. In that case, same timer value should be used between UE and eNB. But care should be taken for the case when a UE transmits and eNB can not received the signal.
New cell
When a UE enters new cell caused by Handover command or cell reselection, it should declares itself as non-synchronized in uplink. Also in the case where UE goes into out of coverage area, the UE should declare itself as non-synchronized. In these cases, the UE will start cell update procedure after entering a new cell or re-entering.
Mobility 

When a UE stays in the same cell, it can move freely in the cell. As the distance from center of cell changes, the uplink timing needs be adjusted. While a UE continuously transmit in uplink direction, the eNB will issue appropriate command on the timing adjustment. In this case, the distance change will not cause non-synchronization. But when a UE has travel more than the threshold after last uplink transmission, this can be a moment that UE has lost its synchronization in uplink. Same thing can be said regarding UE velocity. If positioning support will be mandatory in LTE, then mobility measurement will be no problem. But if positioning support is not mandatory, this event will be used in limited UEs.
Explicit command

Above methods can cause problem when the eNB’s understanding is different from UE’s understanding. So it’s possible that a UE thinks itself non-synchronized in uplink and eNB thinks the UE synchronized in uplink. In most cases, this will lead to waste of radio resources.  Then, to ensure that UE and eNB have same information in terms of UE synchronization, explicit procedure between eNB and UE can be used. So when eNB send command that there is no need for the UE to keep synchronization in uplink, the UE regards itself as non-synchronized in uplink direction. The command can be sent using either L1/L2 control information or MAC signalling.
Fallback

In RAN1, two types of RACH are proposed. One of them is synchronized RACH. Synchronized RACH is used by the UE whose uplink is synchronized. But when the UE is actually non-synchronized in uplink, the use of synchronized RACH will not be received by eNB and there will be no answer from eNB. Thus when UE that regards itself as synchronized in uplink direction does not get response for several transmissions, it transit to non-synchronized state. 
Conclusion: 
UE declares itself as non-synchronized in uplink direction while staying in LTE_ACTIVE state in following occasions: Transmission Timer expiry, cell change, mobility based on distance or velocity, explicit command   from eNB or fallback.
3.
Conclusion
It is proposed to discuss and agree that: 

· LTE_ACTIVE UE is classified into synchronized LTE_ACTIVE UE and non-synchronized LTE_ACTIVE UE according to their synchronization status in uplink.
· For uplink traffic or signalling, RACH procedure will be used to regain uplink synchronization for non-synchronized LTE_ACTIVE UE.

· For downlink traffic or signalling, dedicated radio resource is used to regain uplink synchronization for non-synchronized LTE_ACTIVE UE.
· UE declares itself as non-synchronized in uplink direction while staying in LTE_ACTIVE state in following occasions: Transmission Timer expiry, cell change, mobility based on distance or velocity, explicit command from eNB.
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