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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 subframe, relative to the received downlink subframe. Therefore, it is important for NR to evaluate if there is potential impact of different numerologies on timing advance.
Discussion
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 component carriers. Since Rel-11 onwards, the concept of TAG was introduced which consists of one or more serving cells with the same uplink TA value. 
For NR, the maximum number of TAGs has been discussed by RAN1, where the discussions turn out that many companies tend to reuse the LTE upper bound. Therefore, we suggest that
Proposal 1: Same as in LTE, up to 4 TAGs are supported for NR.
Even within the same component carrier, it has been agreed in [1], 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 UL component carrier that share the same timing advance. For each TAG, the single TA value is used as the timing reference for the whole group. Therefore, it is a reasonable assumption that BWPs on the same UL component carrier belong to the TAG that this UL component carrier is associated with. In other words, BWPs use the timing advance of their associated UL component carrier, as the timing reference. The gNB configures TAGs for each UE similarly as that in LTE.
Proposal 2: The BWPs belonging to the same UL component carrier are included in the same TAG.
One TA value can thus be applied to UL transmissions using different numerologies, either on one UL component carrier (multiple BWP) or across component carriers (carrier aggregation with different numerologies).
The TA procedure aims to keep all UL transmission well within the cyclic prefix. In LTE, the resolution of the TA command is  ( seconds). In contribution [2] we show that this TA resolution, together with the expected UE measurement accuracy, can result in an TA error of  or . Expressed in terms of normal LTE cyclic prefix, the total timing uncertainty becomes  of the LTE cyclic prefix.
The main purpose of the cyclic prefix is not to cover timing uncertainty but to enable robustness towards delay spread. It is reasonable to request that for higher numerologies approximately the same fraction of the CP is used for timing uncertainty errors while the majority of the cyclic prefix is left to protect against delay spread. To maintain this fraction the TA command resolution for different numerologies must scale in the same way as the cyclic prefix does. The cyclic prefix for higher numerologies scales with the subcarrier spacing relative to 15 kHz. For higher numerologies with normal cyclic prefix the TA command resolution should scale with subcarrier spacing. 60 kHz numerology also defines an extended cyclic prefix that corresponds roughly to the 15 kHz normal cyclic prefix, here the 15 kHz TA command resolution could be reused. 
Proposal 3: For numerologies with normal cyclic prefix, scale TA command resolution with subcarrier spacing, from 16 Ts for 15 kHz subcarrier spacing.
Proposal 4: If a TAG contains configured UL component carriers and/or BWP with different numerologies, the numerology with shortest cyclic prefix determines the TA command resolution.


Conclusion
In this paper we discuss timing advance and its dependency on numerology. In particular, the following is proposed:
Proposal 1: Same as in LTE, up to 4 TAGs are supported for NR.
Proposal 2: The BWPs belonging to the same UL component carrier are included in the same TAG.
Proposal 3: For numerologies with normal cyclic prefix, scale TA command resolution with subcarrier spacing, from 16 Ts for 15 kHz subcarrier spacing.
Proposal 4: If a TAG contains configured UL component carriers and/or BWP with different numerologies, the numerology with shortest cyclic prefix determines the TA command resolution.
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