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1. Introduction

In the document, we discuss the aspects of UL transmission timing adjustment considering multi-numerology support in NR. 
2. Discussions
In LTE, the UL transmission timing is adjusted based on the timing advance concept. When a UE attempts to establish a RRC connection with the eNB, it transmits a random access preamble from which the eNB estimates the transmission time. Then the eNB transmits a random access response which includes an 11-bit initial timing advance command, based on which the UE adjusts the UL transmission timing. The initial timing advance command can indicate among NTA={0,1,…,1282} and the corresponding timing advance is TA=NTA*16TS. This allows the timing advance to be configured by the eNB with a granularity of 16TS (0.52us) from 0 up to a maximum of 0.67 ms corresponding to a cell radius of 100 km, which is sufficient for most practical rural deployment scenarios. The granularity of 16Ts enables the UL transmission timing to be significantly finer than the length of the uplink SC-FDMA symbol cyclic prefix. 
After initial UL synchronization, the UE maintains its UL timing alignment using the timing advance control element sent as part of a MAC PDU on PDSCH that allows the eNB to periodically send timing commands to the UE. The timing advance control element is a 6-bit number that adjusts timing (advances or delays) relative to the current UE timing. The 6-bit timing advance command parameter MTA={0,1, …, 63} indicates the adjustment of the current timing advance value where the updated value is given by TANew=TAOld+(MTA-31)16TS. Note that the adjustment by a positive or a negative offset indicates advancing or deferring the uplink transmission time by a given amount, respectively.
In NR, the UL transmission timing adjustment schemes in LTE can be reused, i.e., initial UL timing adjustment in random access procedure, and additional UL timing alignment via MAC CE. However, instead of a fixed timing advance granularity, variable timing advance granularity is desirable considering the support of multiple numerologies in NR. 
The subcarrier spacing and CP length are scaled based on 15kHz subcarrier spacing and normal CP length used in LTE. Given a certain numerology, it is reasonable to maintain the TA granularity significantly finer than the length of the corresponding CP length. Since the CP length in different numerology is scaled with the 15kHz case, the scaled timing advance granularity can be used for different numerology. In Table 1, the scaled timing advance granularity is shown in different numerologies. There is another numerology case with 60kHz subcarrier spacing and extended CP length. The CP length is similar as the normal CP length of 15kHz subcarrier spacing case. Therefore, the same TA granularity in 15kHz subcarrier spacing and normal CP length case can be used.

Table 1: Scaled Timing Advance Granularity (Normal CP Cases)
	Numerology Index
	Numerology (kHz)
	Symbol Duration
	CP Duration
	TA Granularity

	0
	15
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	1
	30
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	2
	60
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	3
	120
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	4
	240
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	5
	480
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For initial UL transmission timing adjustment, the timing advance granularity can be determined by the numerology used in MSG3 transmission. For additional UL timing alignment via MAC CE, the timing advance granularity may be determined by the numerology of the UL BWP. 

Proposal: Support scaled timing advance granularity for numerologies with normal CP

· For 15kHz subcarrier spacing, the timing advance granularity is same as in LTE case
· For 2n*15kHz subcarrier spacing, the timing advance granularity is scaled by 1/2n from that of 15kHz subcarrier spacing case
3. Conclusions
In this contribution, the design considerations of UL transmission timing adjustment are discussed. In summary, the proposals are as follows:

Proposal: Support scaled timing advance granularity for numerologies with normal CP

· For 15kHz subcarrier spacing, the timing advance granularity is same as in LTE case
· For 2n*15kHz subcarrier spacing, the timing advance granularity is scaled by 1/2n from that of 15kHz subcarrier spacing case
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