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Introduction
In LTE, uplink orthogonality is achieved by ensuring the transmissions from different UEs in the same cell are timing-aligned received by eNB and avoiding intra-cell interference between UEs. The timing alignment is implemented by applying a timing advance (TA) at UE transmitted uplink sub-frame, relative to the received downlink sub-frame. Therefore, it is important for NR to evaluate if there is potential impact of different numerologies on timing advance.
At RAN1#90, the related agreements are highlighted as below
Agreements:
· For NR CA, for the scenario that all the carriers are 15Khz, around [32.47us] maximum uplink timing difference between two TAGs should be assumed in NR
· Granularity of TA for SCS = 15kHz is same as LTE
· Maximum number of TAGs is 4
· Note: final decision of the maximum timing difference is up to RAN4
· FFS: for other scenarios
[bookmark: _GoBack]In this contribution, we elaborate RAN2 aspects for timing advance in NR. Compared to a previous version of this contribution a text proposal has been added.
Discussion
Definition and number of TAGs
In LTE, up to Rel-10 there is no Timing Advance Group (TAG) defined for component carriers, this means that a single TA value is applicable to all CCs. Since Rel-11 onwards, the concept of TAG was introduced which consists of one or more serving cells with the same uplink TA value. A Timing Advance Group containing the primary cell of a MAC entity is referred to as pTAG, whereas the term sTAG refers to other TAGs. In the pTAG, the TA value in PCell used as the timing reference. While, in a sTAG, the TA value of any of the activated SCells of the TAG is applied as the timing reference. As shown in the Figure 6.1.3.5-1 in the MAC specfication TS 36.321, the first 2 bits are allocated to indicate the TAG ID, meaning it is up to 4 TAGs can be configured, i.e., 1 pTAG,plus 3 sTAGs.
For NR, the maximum number of TAGs has been discussed by RAN1.. At RAN1#90, it has already been agreed to support up to 4 TAGs for the scenario with 15 kHz SCS. For scenarios with mixed SCS types, the maximum number of TAGs are pending RAN1 inputs.
[bookmark: _Toc494379412][bookmark: _Toc494410361]RAN1 has concluded that up to 4 TAGs are configured for a UE in a scenario with all carriers at 15 kHz SCS
[bookmark: _Toc494379413][bookmark: _Toc494410362]The maximum number of TAGs in a scenario with mixed SCS values are pending RAN1 decision
Even within the same component carrier, it has been agreed in #RAN1 Ad Hoc held on 27th – 29th June 2017, that different BandWidth Parts (BWPs) can be configured, and each BWP is connected to a certain numerology. A UE can be configured with one or multiple BWPs. The TAG was designed to group multiple cells that share the same timing advance. For each TAG, the timing advance of a serving cell is used as the timing reference for the whole group. Therefore, it is a reasonable assumption that BWPs in the same serving cell belong to the TAG that this serving cell is associated with. In other words, BWPs use the timing advance of their associated serving cell, as the timing reference. The gNB, configures TAGs for each UE similarly as that in LTE. 
[bookmark: _Toc494410364]As in LTE, TAG is configured per carrier.
Impact on timeAlignmentTimer
NR is operated with a large frequency range and different frequency range has different propagation characteristics such as propagation path, attenuation and fading etc. Further, the numerology with larger subcarrier spacing would be used for higher carrier frequency, meaning a smaller CP duration is allowed for the UE. Hence, it can be assumed that carriers within the same frequency ranges are configured to the same TAG with the same TA triggering condition. Hence the timeAlignmentTimer setting can also be shared for all carriers belonging to the same TAG as well.
[bookmark: _Toc494410365]As in LTE, timeAlignmentTimer is configured per TAG for a UE.
In LTE, the setting of the timer is either UE specific,signalled via the RRC parameter timeAlignmentTimerDedicated through dedicated signalling between the UE and the eNB, or cell specific signaled via the RRC parameter timeAlignmentTimerCommon via SIB2. The UE uses the cell specific setting if there is no UE specific setting is received. It is reasonable to reuse the same signalling options in NR, as that in LTE. Therefore, we suggest that 
[bookmark: _Toc489457131][bookmark: _Toc489457166][bookmark: _Toc489457224][bookmark: _Toc489457284][bookmark: _Toc494410366]As in LTE, the timeAlignmentTimer can be configured by means including 
a. [bookmark: _Toc489457132][bookmark: _Toc489457167][bookmark: _Toc489457225][bookmark: _Toc489457285][bookmark: _Toc494410367]Cell specific common configuration conveyed in NR SIB1
b. [bookmark: _Toc489457133][bookmark: _Toc489457168][bookmark: _Toc489457226][bookmark: _Toc489457286][bookmark: _Toc494410368]UE specific configuration conveyed via UE dedicated RRC signalling
In LTE, if the timeAlignmentTimer associated with the pTAG expires, the UE shall 
-	flush all HARQ buffers for all serving cells;
-	notify RRC to release PUCCH and SRS for all serving cells;
-	clear any configured downlink assignments and uplink grants;
-	consider all running timeAlignmentTimers as expired;
if the timeAlignmentTimer is associated with an sTAG, then for all Serving Cells belonging to this TAG:
-	flush all HARQ buffers;
-	notify RRC to release SRS;
-	notify RRC to release PUCCH, if configured.
The expiry of a timeAlignmentTimer means that the UE loses uplink timing alignment in the associated TAG. The above operations allow a UE to recover the UL sync. NR shall reuse the same operations as like LTE. Additionally, RAN2 has agreed to support SPS for secondary cells, the UE must also clear relevant resources when the associated TA timer expires. We think the same UE actions at in LTE are also applicable in this case, since those secondary cells would anyway belong to certain TAG, either the pTAG or an sTAG.
[bookmark: _Toc494283890][bookmark: _Toc494283931][bookmark: _Toc494283966][bookmark: _Toc494284001][bookmark: _Toc494284607][bookmark: _Toc494410369]The UE actions upon expiry of a timeAlignmentTimer in LTE are reused for NR.
The timeAlignmentTimer is defined in subframes in LTE. Also in NR one subframe equals one millisecond so in principle the timer could be configured in subframes also in NR. In LTE, the timeAlignmentTimer takes the value in the range {sf500, sf750, sf1280, sf1920, sf2560, sf5120, sf10240, infinity}. This range may need to extend given NR supports different numerologies. The exact values need RAN1 inputs.
[bookmark: _Toc494410370]As in LTE, the timeAlignmentTimer is configured in milliseconds, values are pending RAN1 inputs.
As for a small CP length at a large SCS (which is typically targeting to be deployed for a small cell at high frequency carriers), the allowed timing drifting error for uplink transmission by a UE is also small, meaning that a more frequent timing advance adjustment may be necessary especially for highly move UEs. In case a UE is configured with two time advance groups (TAGs) including TAG1 operating at small SCSs while TAG2 operating at large SCSs, TAG2 would requires more frequent TA update than that in TAG1, correspondingly, a lower timeAlignmentTimer value is more suitable for TAG2 than that in TAG1.
In LTE, TA takes values in the range (0-0.67ms with a granularity of 0.52us). For TA value with 0.52us, the corresponding propagation distance between eNB and UE can be calculated as (3x 0.52 )/2 = 78m. While for TA value with 0.67ms, the corresponding propagation distance between eNB and UE can be also calculated as (3x 0.67 )/2 = 100 km which is the maximum propagation distance. The maximum distance would facilitate a cell radius of up to 100 km. The granularity of 0.52 us seems not good enough for all supported SCS in NR. NR supports multiple numerologies with different SCS and correspondingly the CP lengths. For larger SCS, the CP length and the cell size would become smaller. For better TA accuracy, it is beneficial to decrease the maximum TA range and increase the TA resolution. This aspect is being under discussion in RAN4 [1]. If RAN4 decides to introduce different TA resolutions than in LTE upon the change of numerologies for a UE, the setting of TA resolution should be configured per TAG.
[bookmark: _Toc494379414][bookmark: _Toc494410363]If RAN1/RAN4 decides to introduce different TA resolution from that in LTE upon the change of numerologies, the setting of TA resolution should be configured per TAG.
Text proposal for 38.321
[bookmark: _Toc491781994]5.2	Maintenance of Uplink Time Alignment
The MAC entity has a configurable timer timeAlignmentTimer per TAG. The timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned [8].
The MAC entity shall:
1>	when a Timing Advance Command MAC control element 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, then 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;
3>	clear any configured downlink assignments and uplink grants;
When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference (as described in subclause 7.9.2 of TS 36.133 [9]) 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.
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.
NOTE:	A MAC entity stores or maintains NTA upon expiry of associated timeAlignmentTimer, where NTA is defined in [7]. The MAC entity applies a received Timing Advance Command MAC control element and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running.

Conclusion
In section 2 we made the following observations:
Observation 1	RAN1 has concluded that up to 4 TAGs are configured for a UE in a scenario with all carriers at 15 kHz SCS
Observation 2	The maximum number of TAGs in a scenario with mixed SCS values are pending RAN1 decision
Observation 3	If RAN1/RAN4 decides to introduce different TA resolution from that in LTE upon the change of numerologies, the setting of TA resolution should be configured per TAG.

Based on the discussion in section 2 we propose the following:
Proposal 1	As in LTE, TAG is configured per carrier.
Proposal 2	As in LTE, timeAlignmentTimer is configured per TAG for a UE.
Proposal 3	As in LTE, the timeAlignmentTimer can be configured by means including
a.	Cell specific common configuration conveyed in NR SIB1
b.	UE specific configuration conveyed via UE dedicated RRC signalling
Proposal 4	The UE actions upon expiry of a timeAlignmentTimer in LTE are reused for NR.
Proposal 5	As in LTE, the timeAlignmentTimer is configured in milliseconds, values are pending RAN1 inputs.
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