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[bookmark: _Ref506392221]Introduction
In this paper, we discuss two of the remaining TA related issues. The first issue is about the granularity of TA command in MAC-CE and RAR. The second one is about the TA adjustment timing of the TA command in MAC-CE. This is a revised version of R1-1804048.

TA granularity
At the RAN1 #92 meeting, the following working assumption was made to address the TA granularity of a timing adjustment command carried by MAC-CE in the case when not all the active UL BWPs in a TAG have the same sub-carrier spacing (SCS).  
	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.



	TS 38.213 Section 4.2









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 this contribution, we revisit the above working assumption with a focus on whether rounding should be applied to the carriers with smaller SCSs in a TAG. For example, there are two uplink carriers in a same TAG and one with SCS=5kHz and the other with SCS=60kHz. Then, the granularity of a received TA command is 4Ts which is based on the TA granularity for SCS=60kHz with Ts = 1/307.2MHz. Note the smallest sampling rate, with BW=5MHz, for 15kHz is also 4Ts. This implies no rounding is needed to apply the updated TA values to the carrier with the smaller SCS in this case. Another more extreme case would be that two uplink carriers in a same TAG and one is with 120kHz SCS while the other is with 15kHz SCS. For a received TA command, the granularity is then 2Ts. Now, the smallest sampling rate for 15kHz is twice of the granularity of the TA command and cannot directly support the TA adjustment. However, with a simple up-sampling circuit, the granularity of TA command for SCS=120kHz can be easily met in the uplink carrier with 15kHz SCS. Therefore, we do not think rounding should be applied to TA adjustment even in the cases with different SCSs in the same TAG. 
Observation 1: The smallest sampling of 15kHz SCS can support the TA granularity of 60kHz. 
Observation 2: The TA granularity of 120kHz can be easily supported in an uplink carrier of 15kHz SCS. 
In addition, as pointed in the working assumption, when rounding is applied, it may induce additional quantization errors. Take the first case as an example, if the rounding is done based on the TA granularity for 15kHz SCS which is 16Ts, then the quantization error is +/-8Ts = +/-512Tc which is much larger the TA accuracy requirement specified in TS 38.133 shown in the following table. 
Table 1: UE Timing Advance adjustment accuracy [Table 7.3.2.2-1 of TS 38.133]
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

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



Observation 3: Rounding TA in the carriers with lower SCSs to their corresponding TA granularities introduces quantization errors that are much larger than the TA accuracy requirement. 

	Based on the above analysis and observations, we propose the following. 

[bookmark: _Ref513890252]Proposal 1: Confirm the following working assumption with modification
· 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. 

[bookmark: _Ref513890263]Proposal 2: NR adopts the following text proposal to Section 4.2 of TS 38.213 
	








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.








Conclusion  
Regarding the remaining issues of TA granularity, we have the following proposal. 
Proposal 1: Confirm the following working assumption with modification
· 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. 

[bookmark: _GoBack]Proposal 2: NR adopts the following text proposal to Section 4.2 of TS 38.213
	








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.
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