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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the previous RAN1 meeting, the following agreement and working assumptions are achieved:
Working assumption (RAN1#92):
· For the timing advance in MAC-CE in the case with multiple configured UL BWPs in the TAG, the granularity depends on the maximum SCS of all the activated UL BWPs including SUL within the TAG.
· When the TA is adjusted based on the timing advance in MAC-CE in higher SCS, the TA in lower SCS may be rounded in order to align with lower SCS TA granularity 
· This may result in different timing across UL carriers within the same TAG
· This revises the past agreement of SUL of the granularity of the smaller subcarrier spacing between UL and SUL.
Agreement (RAN1#91):
· UL and SUL of the same cell are in the same TAG.
· If UL and SUL have different numerologies, the UE can assume that the granularity of the TA in the MAC CE (i.e. not in the Msg2) is the granularity corresponding to the smaller subcarrier spacing
· The granularity of the TA in Msg2 is determined according to the numerology of transmitted PRACH
In this contribution, we discuss the valid time for TA adjustment and TA granularity in a TAG.
[bookmark: _Ref129681832]TA granularity in a TAG
	








In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of the current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a subcarrier spacing of  kHz, . If a UE has multiple active UL BWPs in a same TAG, including UL BWPs in two UL carriers of a serving cell, the timing advance command value is relative to the larger subcarrier spacing of the multiple active UL BWPs. The applicable value for an UL BWP with lower subcarrier spacing may be rounded to align with the timing advance granularity for the UL BWP with the lower subcarrier spacing.



In Subclause 4.2 of TS38.213, as cited above, it is stated that “The applicable value for an UL BWP with lower subcarrier spacing may be rounded to align with the timing advance granularity for the UL BWP with the lower subcarrier spacing”. The term “timing advance granularity” for a UE to perform the rounding action may be misunderstood as the granularity of timing advance command value which is . In our understanding, it should refer to the timing advance adjustment accuracy that is defined in Table 7.3.2.2-1 of TS 38.133 [7], as cited below. This is to ensure that that the timing advance adjustment accuracy defined in TS38.133 is met. If the “timing advance granularity” is understood as  , the timing advance accuracy in TS38.133 cannot be met. 
	[bookmark: _Toc503256087]7.3.2.2	Timing Advance adjustment accuracy
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS38.213.
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc





Proposal 1: Adopt the Text Proposal for TS 38.213 in Appendix A.
The TAC format in the MAC CE should be able to provide both timing adjustment range and granularity for multiple uplink bandwidth parts (UL BWP), which are possibly with different numerologies. In one example with two UL BWPs, the SCS of UL BWP1 is 60 kHz and the SCS of UL BWP2 is 15 kHz. If the 60 kHz and 15 kHz share the same TAC format and granularity of 60 kHz, the maximum timing adjustment value for 15 kHz will be reduced by 1/4, i.e., reduced from  km ( us) to  km ( us). In TS 25.104 [3], the path changes will be up to 10us, e.g., Path1 changes from -5us to 5us. If 1bit in the 6bits TA command is used to indicate the TA granularity, actually the range can be up to . Although it is slightly smaller than the LTE value, it could satisfy the following TS 25.104 test requirement.
1.	Two paths, Path1 and Path2 are randomly selected from the group [-5, -4, -3, -2, -1, 0 ,1, 2, 3, 4, 5] s. The paths have equal magnitudes and equal phases.
2.	After 191 ms, Path1 vanishes and reappears immediately at a new location randomly selected from the group [-5, -4, -3, -2, -1, 0 ,1, 2, 3, 4, 5] s but excludes the point Path2. The magnitudes and the phases of the tap coefficients of Path 1 and Path 2 shall remain unaltered.
3.	After an additional 191 ms, Path2 vanishes and reappears immediately at a new location randomly selected from the group [-5, -4, -3, -2, -1, 0 ,1, 2, 3, 4, 5] s but excludes the point Path1. The magnitudes and the phases of the tap coefficients of Path 1 and Path 2 shall remain unaltered.
4.	The sequence in 2) and 3) is repeated.
To avoid the insufficient or inaccurate timing adjustment, the timing granularity should be adaptive such as to satisfy the multiple numerology. A bit in the 6bits TA command should be used to indicate the TA granularity and timing, for example as shown in Figure 1. Note that, if the maximum and minimum SCS is the same, i.e.., only one SCS, the TA adjustment value is the same as the agreement for single numerology case. 
	[image: ]


[bookmark: _Ref498455599]Figure 1: TAC granularity indication in MAC CE and TA adjustment
[bookmark: _Ref498500589]Proposal 2: One bit in the 6bits TAC indicates the granularity and adjustment range for multiple UL BWPs with possible different numerologies, where 0/1 means that granularity follows the maximum/minimum SCS of all activated UL BWPs within the TAG. Specifically, the TA adjustment value is given by: 
· Bit = 0: granularity X follows the maximum SCS:

· Bit = 1: granularity Y follows the minimum SCS:

where the granularity for different SCS is given by table 1
Table 1 granularity of TA Command for different SCS
	Subcarrier Spacing (kHz)
	Unit
	Notes;

	15
	16*64 Tc
	 seconds

	30
	8*64 Tc
	

	60
	4*64 Tc
	

	120
	2*64 Tc
	


Conclusions
Proposal 1: Adopt the Text Proposal for TS 38.213 in Appendix A.
Proposal 2: One bit in the 6bits TAC indicates the granularity and adjustment range for multiple UL BWPs with possible different numerologies, where 0/1 means that granularity follows the maximum/minimum SCS of all activated UL BWPs within the TAG. Specifically, the TA adjustment value is given by: 
· Bit = 0: granularity X follows the maximum SCS:

· Bit = 1: granularity Y follows the minimum SCS:

where the granularity for different SCS is given by table 1

[bookmark: _GoBack]Appendix A: Text proposal for TS 38.213
------------------------------------------ Start of Text Proposal ----------------------------------------------
4.2	Transmission timing adjustments
---------------------------------------- Unchanged parts omitted --------------------------------------------









In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of the current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a subcarrier spacing of  kHz, . If a UE has multiple active UL BWPs in a same TAG, including UL BWPs in two UL carriers of a serving cell, the timing advance command value is relative to the larger subcarrier spacing of the multiple active UL BWPs. The applicable  value for an UL BWP with lower subcarrier spacing may be rounded for the UL BWP with the lower subcarrier spacing while satisfying the timing advance accuracy requirements in [10, TS38.133].

Adjustment of  value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing for the TAG by a given amount, respectively.
---------------------------------------- Unchanged parts omitted --------------------------------------------
-------------------------------------------- End of Text Proposal ---------------------------------------------
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