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1. Introduction
The contribution discusses how to handle uplink time alignment (TA) in NR.
2. Discussion

2.1 Numerology and Timing Advance
In LTE, the OFDM sub-carrier spacing is (f = 15 kHz, and two cyclic-prefix lengths are defined:

-
Normal cyclic prefix: TCP = 160(Ts (OFDM symbol #0), TCP = 144(Ts (OFDM symbol #1 to #6)

-
Extended cyclic prefix: TCP-e = 512(Ts (OFDM symbol #0 to OFDM symbol #5)

where Ts = 1/ (2048 ( (f)
If we use the similar equation to calculate the normal CP length for NR per numerologies, the normal CP length would be as follows:
	SCS (kHz)
	15
	30
	60
	120
	240
	480

	Normal CP (us)
	5.2
	2.6
	1.3
	0.65
	0.3255
	0.1628


Note that propagation distance per 1 us is approximately 300 m, and then the propagation distance covered by normal CP (hence maximum cell radius) would be as below:

	SCS (kHz)
	15
	30
	60
	120
	240
	480

	Normal CP (us)
	5.2
	2.6
	1.3
	0.65
	0.3255
	0.1628

	Propagation Distance covered by the normal CP (meter)
	1562
	781
	391
	195
	98
	49


Here, we can observe that wide SCS would result very short normal CP length which can only support very limited coverage. If UE is configured with narrow and large SCSs simultaneously (e.g. by CA), it may not be desirable to handle them together.
Observation 1:
Different numerologies should be handled/ grouped separately by considering different CP lengths.

2.2 Timing Advance Group (TAG)
In LTE, TAG is the group of serving cells having UL to which the same timing advance applies (typically corresponding to the serving cells hosted by the same receiver) and using the same timing reference cell as stated in TS 36.300 [1].

Considering coexistence of multiple numerologies, the following two cases should be discussed:

Case 1:
UE is configured with multiple serving cells and multiple numerologies (i.e. CA), but configured with a single numerology for each cell.
Case 2:
UE is configured with multiple numerologies within a single cell.
The case 1 above can be easily handled by grouping serving cells with same numerologies together. Note that even in LTE, each TAG can be configured with different value of TimeAlignmentTimer (TAT).
The case 2, however, cannot be handled by this approach, and even the TAG definition may need to be updated e.g. as group of "BWP"s of same numerologies (not the group of "serving cells" in LTE).

Note that RAN#77 endorses RP-172108 [2] which provides the essential list to be completed by December 2017:
	Scheduling/HARQ aspects
· Aiming December 2017 completion:
· Basic DL/UL control channels

· PDCCH

· Long/Short PUCCH

· Contiguous PRB allocation for PUCCH with and without hopping
· HARQ

· SR

· Aperiodic/periodic CSI feedback reporting

· UCI on PUSCH

· Slot-based scheduling for FDD/TDD/dynamic TDD

· Slot-based HARQ for FDD/TDD/dynamic TDD

· CBG-based re-transmission

· UL grant-free for slot-based and mini-slot based

· Semi-static and dynamic resource reservation

· Control/data within CC/BWP with same numerology

· Numerology is the same between DL and UL at least without SUL

· BWP according to RAN1 agreement

· NR-NR CA with the same and different numerologies

· Same numerology within the same PUCCH group, including both DL and UL

· Use of different numerology for SUL in a PUCCH group can be considered

· Strive for support of preemption indication at least for downlink 
· Mini-slot (7, 4, and 2 OFDM symbols) based scheduling and HARQ


From the yellow-highlighted part, we think case 2 does not have to be discussed for the time being, and RAN2 should focus on case 1. For the case 1, as said earlier, LTE principles can be reused and extended: 
Proposal 1: As in LTE, TimeAlignmentTimer is started/ restarted to maintain uplink time alignment.

Proposal 2: As in LTE, TimeAlignmentTimer is configured per TAG.
Proposal 3: Different numerologies may be configured for different TAGs, but it is up to network implementation i.e. no need to capture it in the specification.
If RAN2 can agree proposals 1–3 above, we think the text in LTE for TA handling can be re-used as it is (with editorial changes).

Proposal 4: Use the text in LTE as a baseline, and adopt the text proposal in Annex.
3. Conclusion

Observation 1:
Different numerologies should be handled/ grouped separately by considering different CP lengths.

Proposal 1: As in LTE, TimeAlignmentTimer is started/ restarted to maintain uplink time alignment.

Proposal 2: As in LTE, TimeAlignmentTimer is configured per TAG.
Proposal 3: Different numerologies may be configured for different TAGs, but it is up to network implementation i.e. no need to capture it in the specification.
Proposal 4: Use the text in LTE as a baseline, and adopt the text proposal in Annex.
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5.2
Maintenance of Uplink Time Alignment
RRC configures the following parameters for the uplink time alignment:

-
timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned.
Editor's note: the timeAlignmentTimer can be split into timeAlignmentTimerPTAG and timeAlignmentTimerSTAG depending on the RRC structure.
The MAC entity shall:

1>
when a Timing Advance Command MAC CE is received:

2>
apply the Timing Advance Command for the indicated TAG;

2>
start or restart the timeAlignmentTimer associated with the indicated TAG.

1>
when a Timing Advance Command is received in a Random Access Response message for a Serving Cell belonging to a TAG:

2>
if the Random Access Preamble was not selected by the MAC entity:

3>
apply the Timing Advance Command for this TAG;

3>
start or restart the timeAlignmentTimer associated with this TAG.

2> 
else if the timeAlignmentTimer associated with this TAG is not running:

3>
apply the Timing Advance Command for this TAG;

3>
start the timeAlignmentTimer associated with this TAG;

3>
when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer associated with this TAG.
2>
else:

3>
ignore the received Timing Advance Command.

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;

3>
notify RRC to release SRS for all Serving Cells;

3>
clear any configured downlink assignments and uplink grants;

3>
consider all running timeAlignmentTimers as expired;

2>
else if the timeAlignmentTimer is associated with an STAG, for all Serving Cells belonging to this TAG:
3>
flush all HARQ buffers;

3>
notify RRC to release SRS;

3>
notify RRC to release PUCCH, if configured.
Editor's note: The above behaviours should also be confirmed by RAN2.
When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference  or the maximum uplink transmission timing difference the UE can handle between TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.

Editor's note: The above principle comes from LTE, but RAN2 needs to confirm.
The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble transmission when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running. Furthermore, when the timeAlignmentTimer associated with the PTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SpCell.

Editor's note: The above principle comes from LTE, but RAN2 needs to confirm.
A MAC entity shall maintain NTA even upon expiry of associated timeAlignmentTimer, where NTA is defined in [6]. The MAC entity shall apply a received Timing Advance Command MAC CE and start associated timeAlignmentTimer also when the timeAlignmentTimer is not running.

Editor's note: The above text was in NOTE in LTE, but it seems it is a requirement, so changes it to the normative text with 'shall' statement. RAN2 confirmation requires.
