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Introduction
The time alignment timers, TATs, in the UE are used to keep the correct uplink timing alignment. The gNB can send timing alignment commands to keep the UE in sync. 
TAT in-sync-out-of-sync handling enables the gNB to allocate less resources for PUCCH and more for PUSCH. 
Here we discuss some signalling and power saving aspects of the use of TATs. 
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When the TAT expires the UE actions are as follows:
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.
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Further the gNB may send a timing advance command, TAC, in a MAC CE:
1>	when a Timing Advance Command MAC CE is received, and if an NTA (as defined in TS 38.211 [8]) has been maintained with the indicated TAG:
2>	apply the Timing Advance Command for the indicated TAG;
2>	start or restart the timeAlignmentTimer associated with the indicated TAG.
Thus, if a UE receives TAC while it has a maintained NTA for the timing advance group, it will apply the TAC and start/restart the TAT.
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The functionality of TAT expiry may be used at the end of every UE connection, when there is no more UL nor DL data to transmit or during temporary interruptions.
A related function is when a UE reaches the maximum number of SR transmissions:
3>	if SR_COUNTER < sr-TransMax:
4>	increment SR_COUNTER by 1;
4>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
4>	start the sr-ProhibitTimer.
3>	else:
4>	notify RRC to release PUCCH for all Serving Cells;
4>	notify RRC to release SRS for all Serving Cells;
4>	clear any configured downlink assignments and uplink grants;
4>	clear any PUSCH resources for semi-persistent CSI reporting;
4>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel all pending SRs.
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When a UE has no more uplink or downlink data, there might be a period of time when the gNB want to keep the UE in connected mode, but let the TAT expire. When TAT has expired, the UE save energy by not transmitting CSI reports, and it allows the gNB to use the uplink resources for other UEs and avoids gNB having to decode PUSCH CSI reports.
However, if new data arrives at the gNB it will have to do a PDCCH order resync if the UL resources are needed again, or if new data arrives at UE it will start a RA procedure. When sr-TransMax SR transmissions is reached, the UE will start a RA procedure. For these cases, the gNB then have to set up the UL resources again, this requires RRC reconfiguration and/or MAC CE signalling and/or DCIs.
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The RRC signalling takes time and has some overhead. To allow a more aggressive use of the TAT to better save UE energy and to avoid RRC signalling after a UE connects again, new MAC signalling is needed to avoid the RRC signalling for configuring UL resources.
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The TAT can be very long or even infinite (e.g. in small cells). If the gNB had the possibility to trigger TAT expiry, it would be possible to push the UE in a power saving state in RRC_CONNECTED and avoid periodic UL transmissions without frequent RRC signalling. Thus, another way to further improve the TAT power saving capabilities is to let the gNB to trigger TAT expiry.
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These proposals will allow a more aggressive setting of TAT and gNB triggered TAT expiry. The alternative to using the TAT functionality is to release the UE to INACTIVE or IDLE mode, but that will incur higher RRC signalling and more energy consumption by the UEs if new data arrives. This will save UE energy and save RRC signalling needed to set up UL resources for UEs that comes back after TAT has expired.
Conclusion
In section 2 we made the following observations:
Observation 1	When TAT expires, the UE releases PUCCH and SRS resources and clears DL SPS, configured UL grants, and PUSCH resources for semi-persistent CSI.
Observation 2	When TAT expires, the UE maintain NTA, allowing the gNB to send a new TAC MAC CE to bring the UE in sync.
Observation 3	When sr-TransMax SR transmissions is reached, the UE releases PUCCH and SRS resources and clears DL SPS, configured UL grants, and PUSCH resources for semi-persistent CSI.
Observation 4	When a UE comes in sync after TAT expiry or after sr-TransMax has been reached, gNB needs to send RRC reconfiguration and/or MAC CEs and/or DCI to set up the UL resources again.

Based on the discussion in section 2 we propose the following:
Proposal 1	When a TAT expires, or sr-TransMax SR transmissions is reached, the UE shall suspend corresponding UL resources instead of releasing or clearing them.
Proposal 2	Introduce signalling to activate corresponding suspended UL resources.
Proposal 3	Introduce signalling from the gNB to trigger TAT expiry.
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