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1. Introduction
In this document we propose some enhancements to the UE handling of the recovery from uplink Out-of-Sync condition. These enhancements are proposed to allow for better utilization of network resources, improved user experience and lower uplink interference among other benefits. 
2. Discussion
2.1. Background
UE maintains the uplink timing synchronization based on periodic reception of the network Timing Advance Command MAC control elements [1].  The time between successive Timing Advance MAC control elements shall not exceed a configurable RRC timer called the UE Timing Alignment Timer (timeAlignmentTimer) [2].  When the UE Timing Alignment Timer (timeAlignmentTimer) has expired, UE declares uplink Out-of-Sync.  
In another case, when UE attempts too many Scheduling Requests (SR) without receiving any uplink grant (i.e. number of attempts reaches the maximum limit (dsr-TransMax) [2]), UE also declares uplink Out-of-Sync.
Following the uplink (UL) Out-of-Sync condition, UE shall flush its HARQ buffer, release the PUCCH/SRS, and clear all grants received according to [1].  UE shall initiate random access procedure if it has uplink data in the buffer for transmission.  Even when the network starts sending Timing Advance Command afterwards, the UE does not have PUCCH to send Scheduling Request so will still need to rely on random access procedure to request for uplink grant. Additionally, the PUCCH cannot be used to send Periodic CQI and no SRS can be transmitted anymore.
In such a scenario, UEs keep sending uplink random access requests to request for uplink grants for UL data transfer as long as UE is RRC_Connected and do not receive PUCCH/SRS configuration from the eNodeB. And it is the main reason for proposals discussed in this paper.

	5.2
Maintenance of Uplink Time Alignment
[…]

The UE shall:

-
when a Timing Advance Command MAC control element is received:

-
apply the Timing Advance Command;

-
start or restart timeAlignmentTimer.

-
when a Timing Advance Command is received in a Random Access Response message:
-
if the Random Access Preamble was not selected by UE MAC:

-
apply the Timing Advance Command;
-
start or restart timeAlignmentTimer.

- 
else, if the timeAlignmentTimer is not running:

-
apply the Timing Advance Command;
-
start timeAlignmentTimer;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer.
-
else:

-
ignore the received Timing Advance Command.
-
when timeAlignmentTimer expires:

-
flush all HARQ buffers;

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants.
The UE shall not perform any uplink transmission except the Random Access Preamble transmission when timeAlignmentTimer is not running.

 […]


	5.4.4
Scheduling Request 

     […]

As long as one SR is pending, the UE shall for each TTI:

-
if no UL-SCH resources are available for a transmission in this TTI:

-
if the UE has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5.1) and cancel all pending SRs;

-
else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if sr-ProhibitTimer is not running:

-
if SR_COUNTER < dsr-TransMax:
-
increment SR_COUNTER by 1;

-
instruct the physical layer to signal the SR on PUCCH;

-
start the sr-ProhibitTimer.

-
else:

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants;

-
initiate a Random Access procedure (see subclause 5.1) and cancel all pending SRs.
 […]


2.2. Drawbacks of the existing mechanism
If the UE is uplink Out-of-Sync, it loses its PUCCH/SRS resources and has to rely on the random access procedure to obtain uplink grant and timing sychronization.  It has been observed in extensive field testing that majority of LTE eNodeBs do not re-assign PUCCH/SRS resources (via RRC Connection Reconfiguration) following successful RACH Contention Resolution when UE returns from uplink Out-of-Sync condition.  In this scenario, UE shall need to rely on the random access procedure for all its uplink data transmissions, that results in longer latency and potentially higher interference due to excessive RACH attempts until it transitions back to the RRC_IDLE state.  In addition, the UE that recovered from UL Out-of-Sync cannot transmit CQI on PUCCH/ SRS because the configuration is deleted.  This may impact the network link monitoring as the eNodeB does not receive any CQI/SRS on the uplink, and the eNodeB may release the UE context accordingly resulting in a call drop.  
In some field tests with multiple eNodeB vendors, after uplink out-of-sync it has been observed that RRC_Connected UEs go through several successful RACH Contention Resolution cycles to request for UL grant (due to intermittent UL data) but never receive RRC Connection Reconfiguration to restore PUCCH/SRS configuration. Only after the UEs are transitioned to RRC_Idle upon expiry of the eNodeB idle/dormancy timer and then re-initiate RRC Connection again do the UEs receive the PUCCH/SRS configuration in the RRC Connection Setup/Reconfiguration.
2.3. Proposal 1: Early transition to RRC_IDLE for re-establishment
This enhancement is to allow the UE to quickly transition to the RRC_IDLE state and initiate a new RRC Connection after reaching uplink Out-of-Sync.  It is proposed to allow the UE to re-establish through sending an RRC Connection Request message.  Upon the RRC Connection Request, the network shall respond with a RRC Connection Setup / Reconfiguration together with the PUCCH/SRS resource assignment that allows the UE to send scheduling request (SR), CQI/SRS.  As a result, the UE will be able to avoid using the random access procedure for request uplink grant, and inefficiencies associated with this procedure.
The above proposal may be considered with two alternatives:

1. Allow UE to transition to RRC_Idle without any other protocol changes (i.e no new RRC signaling IEs)

2. Introduce protocol changes by introducing new RRC IE that allows eNodeB control of UE behavior and could also be an optional IE.  The timing for the earlier transition to the RRC_IDLE state can be based on the number of RACH attempts.  A new RRC Information Element (maxRachUlOutSync) can be defined to determine how many successive RACH attempts without re-assignment of the PUCCH/SRS configuration the UE should consider before the quick transition to the RRC_IDLE state.  Some illustrative examples could be

maxRachUlOutSync = 0 implies that UE always transition to RRC_Idle imediatelky after Uplink out-of-sync

maxRachUlOutSync = 1 implies that UE will transition to RRC_Idle if after the 1st RACH attempt UE does not receive PUCCH/SRS configuration via an RRC message. This transition could happen before the next RACH message is triggered
maxRachUlOutSync = infinity implies that UE behavior is exactly as per current specifications and will attempt RACH Contention resolution as an RRC_Connected UE (UE will not move to RRC_Idle without explicit eNodeB RRC Connection Release)
	Proposed Enhanced Handling of UE Uplink Out-of-Sync Condition
Upon UE declaring uplink out-of-sync condition,

-
if an RRC reconfiguration with PUCCH/SRS assignment and Timing Advance Command are received (network recovery):

-
set up the PUCCH/SRS configuration according to the RRC reconfiguration message;

-
apply the Timing Advance Command;

-
start or restart timeAlignmentTimer.

-
else, if maxRachUlOutSync is configured:

-
if the number of successive RACH attempts >= maxRachUlOutSync:
-
UE deletes all configurations, flushes buffer, and releases connection;
-
UE transitions to RRC_IDLE;

-
UE re-establishes with RRC Connection Request;




On the network side, once it receives the RRC Connection Request message with the UE s-TMSI, it may establish a new UE context and purge the old UE context that already exists for the same UE. 

2.4. Proposal 2: UL Out-of-Sync MAC Control Element
This enhancement is to introduce a new uplink MAC control element for the UE to indicate to the network that it is uplink-of-sync and requests Timing Advance Command MAC control element and new PUCCH/SRS configuration.
	Proposed Enhanced Handling of UE Uplink Out-of-Sync Condition
Upon UE declaring uplink out-of-sync condition,

-
If UE is camped on a suitable cell, irrespective if the UE has data in its buffer, the UE triggers a random access  and subsequently includes an uplink Out-of-Sync MAC control element in the Msg3. This explicitly indicates to the network that the UE has recovered from Uplink out-of-sync and it needs Timing Advance Command MAC control element and new PUCCH/SRS configuration assignment



In the proposed recovery, the Out-of-Sync UE shall initiate the random access procedure immediately even without high priority data arrival or with any data in the buffer.  This allows the quickest recovery as possible.
3. Conclusion
As per the current 3GPP specifications eNodeBs can detect a UE recovering from uplink out-of-synch when they receive a Msg3 including a C-RNTI MAC CE that corresponds to an already assigned C-RNTI. Based on this eNodeBs can send an RRC Connection Reconfiguration to provide PUCCH/SRS resources to the UE once again to avoid continous RACH attempts for UL grants and loss of Periodic CQI on PUCCH and lack of SRS transmission from RRC_Connected UEs after uplink out-of-sync. Given that very limited LTE eNodeB vendors support such functionality, RAN2 is kindly asked to review if the proposed enhanced handling procedure can help the UE recover quickly from such scenario.
Proposal 1:
It is proposed to allow the uplink Out-of-Sync UE to transition to RRC_IDLE earlier (optionally controlled by an RRC IE that defines the maximum number of successive RACH attempts to obtain uplink grants for uplink data transmissions) and re-establish to receive new PUCCH/SRS assignment.  
Proposal 2:
It is proposed to introduce a new uplink MAC control element for the UE to signal to the network that it is uplink Out-of-Sync and requests new PUCCH/SRS configuration to be assigned.
At this time we would like to request if both proposals above can be considered for 3GPP Release 10 or earlier given that the problem described (multiple RACH after TA time-out or max SR attempts) is seen in today’s LTE network deployments and very few Network vendors have a solution to this. Release 11 or later releases could be considered for the proposals if the degree of protocol change is considered to be excessive for legacy network/UE implementations though Release 10 or earlier is strongly preferred.
We are happy to draft a CR if the described enhanced handling of the UE uplink Out-of-Sync condition is deemed useful.
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