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1 Introduction
In NR Rel-15, upon the expiry of the Time Alignment Timer (TAT) or upon the reaching the maximum number of Scheduling Request (SR) transmission, the UE is considered to be out of sync with the network on the Uplink. Subsequently the UE has to release the PUCCH and SRS resources, as it is not allowed to transmit on the UL unless the UE regains the UL synchronization, by performing the RACH procedure, and be reconfigured by the network with the PUCCH and SRS resources.
This behaviour has been inherited from the LTE specification, however the implication on NR is greater, as network depends heavily on the SRS for resource scheduling, link adaptation, Massive MIMO, and beam management. Therefore interruption of the SRS transmission by the UE due to lack of configured resources will compromise the UE performance.
The intention of this paper is initiate a discussion on how to gracefully handle the UL out of sync occurrence, in order to ensure minimum impact on the UE performance and network. 

2 Discussion  
There are at least 3 events that cause the UE to release the PUCCH/SRS resources:
1. Reception of the Reconfiguration with Sync 

a. Per the 38.331 spec (section 5.3.5.5.2), upon reception of the “Reconfiguration with Sync”, MAC reset is triggered for the designated cell group

b. Subsequently, the 38.321 spec (section 5.12), indicates upon MAC reset, all TAT’s are treated as expired

c. In the same spec (section 5.2), it explains the expected UE behaviour when the TAT expires, which is the release the PUCCH and SRS for all serving cells
d. Eventually this release yields to 

i. PUCCH-CSI-Resources configuration is released

ii. SchedulingRequestResourceConfig instances are released 

iii. SRS-Resource instances are released 

2. TAT expiry

a. Due to lack of Timing Advancement command (e.g. network is loaded, network internal reasons, TA command dropped due to bad RF channel, etc…)

b. This will bring us back to step 1-b

3. Reaching the maximum SR transmissions

a. UE transmits the SR to request an UL grant, if the max number of SR is reached with no UL grant is received, UE is required to release the PUCCH/SRS resources (TS 38.321 section 5.4.4)
b. This is a very likely scenario to occur, as SR transmitted by the UE might not be received by the network due to bad RF channel or simply because network is loaded and no UL grant is available. 

Observation 1: At least 3 events can trigger the release of the PUCCH/SRS resources, Reconfiguration with Sync, TAT expiry and SR maximum transmission is reached. 

Upon the release of these resources, although the UE is in connected state, UE is not allowed to transmit on the UL, and only RACH procedure can be used to transmit UL data (Msg3) and to synchronize the UE on the UL. However, the success of the RACH procedure doesn’t mean the UE can carry on with the UL transmission although it is UL synchronized, simply because the PUCCH/SRS resources have been released. Unless the network reconfigures the PUCCH/SRS resources, the UE has to use the RACH procedure for every UL transmission (UL grant can only be obtained through Msg2). 
Observation 2: Upon Release of PUCCH/SRS resource UE can only use RACH procedure for UL transmissions till these resources are reconfigured, although UE is UL synchronized.

If the network was able to identify that the UE has released the PUCCH/SRS resources, and network was able to act fast enough to provide the reconfiguration for these resources (based on data from field, there are cases when this configuration will never be configured for the life duration of the connection), it’s expected to have a large signaling overhead in order to re-create the resources’ lists (PUCCH-CSI-Resource IDs / SchedulingRequestResourceId), in addition to considerably large time gap where UE has no PUCCH/SRS resources.  
Observation 3: waiting for network to reconfigure the PUCCH/SRS resources, yields to a large overhead signaling and a time gap where UE has no PUCCH/SRS resources. 

Between the release and the reconfiguration, the performance is heavily impacted, as these resources, more specifically the SRS resources, are used by the network for channel estimation, scheduling, link adaptation and for beam management. 
Observation 4: Lack of configured SRS resources at the UE, will compromise the system performance.

3 Suggested Solution

3.1 Case-1: Reception of the RRC ReconfigurationWithSync

Network might not always provide the PUCCH/SRS configuration in ReconfigurationWithSync message, especially when delta configuration is used (e.g. to only change the C-RNTI of the UE). In this case, and upon the MAC reset (due to the reception of the ReconfigurationWithSync), we suggest having the UE suspends the PUCCH/SRS configuration, where delta configuration of these resources is allowed. Once reconfiguration procedure is successfully completed, UE restores the PUCCH/SRS configuration.
Proposal 1: Upon reception of the ReconfigurationWithSync, delta reconfiguration of the PUCCH/SRS resources is allowed, where UE suspends the PUCCH/SRS resources upon the reception of the Reconfiguration message and restores them once reconfiguration is successfully completed. 
3.2 Case-2: TAT Expiry & SR Max Retransmission 
Since it’s inevitable for the UE to lose the UL time synchronization with the network, a new recovery approach should be adopted to avoid the heavy cost of releasing the PUCCH/SRS resources. We suggest the new behaviour to handle such occurrence, with minimal intrusion to current implementation. 

Suggested behaviour: 

· Upon detection of mis-synchronization on the UL, UE suspends the PUCCH/SRS resources and ceases the usage of these resources, as if these resources were released (but they are not). 

· UE initiates the RACH procedure to regain UL synchronization with the network, upon UL data arrival at the L2 buffer at the UE (legacy behaviour). 
· Upon successful RACH, UE restores the PUCCH/SRS resources configuration 

· If RACH fails after reaching the maximum number of attempts, RLF will be triggered (legacy behaviour) 

The suggested behaviour is aligned with legacy behaviour with the exception of:

· Suspending the PUCCH/SRS resources, instead of releasing it upon detection of the UL mis-synchronization

· Restoring the PUCCH/SRS resources upon regaining UL synchronization, instead of waiting for network to reconfigure the UE. 

Proposal 2: Instead of releasing the PUCCH/SRS resources upon the loss of UL synchronization, UE suspends the PUCCH/SRS resources.

Proposal 3: if RACH is successful, UE restores the PUCCH/SRS configuration
The benefit of the suggested behaviour, is reducing the time where UE is left with no PUCCH/SRS resources, reducing the overhead signaling and processing time at the network to reconfigure the UE and finally reduce unnecessary RACH to transmit UL data due to lack of the PUCCH/SRS resources. 

Summary
In the contribution, we discussed the need to optimize the UE behaviour when the UL synchronization with the network is lost. In addition, we proposed an optimal behaviour that can be adopted with minimal intrusion.   
Observation 1: At least 3 events can trigger the release of the PUCCH/SRS resources, Reconfiguration with Sync, TAT expiry and SR maximum transmission is reached. 

Observation 2: Upon Release of PUCCH/SRS resource UE can only use RACH procedure for UL transmissions till these resources are reconfigured, although UE is UL synchronized.

Observation 3: waiting for network to reconfigure the PUCCH/SRS resources, yields to a large overhead signaling and a time gap where UE has no PUCCH/SRS resources. 

Observation 4: Lack of configured SRS resources at the UE, will compromise the system performance.

Proposal 1: Upon reception of the ReconfigurationWithSync, delta reconfiguration of the PUCCH/SRS resources is allowed, where UE suspends the PUCCH/SRS resources upon the reception of the Reconfiguration message and restores them once reconfiguration is successfully completed. 
Proposal 2: Instead of releasing the PUCCH/SRS resources upon the loss of UL synchronization, UE suspends the PUCCH/SRS resources.

Proposal 3: if RACH is successful, UE restores the PUCCH/SRS configuration
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