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1. Introduction
This article talks about remaining details of timing advance granularity consideration.
2. TA granularity with different numerologies among multiple cells and between UL and SUL
During the last meeting, RAN1 made the following working assumption:
	Working assumption: [1]
· 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.



The above working assumption mentions that, when the TA is adjusted based on the TA command in MAC-CE in higher SCS, the TA in lower SCS may be rounded in order to align with lower SCS TA granularity. However, this may result in different timing across UL carriers within the same TAG.
We now describe two methods of rounding the TA of lower SCS.
UE does not keep track of the rounding error:
In this scenario, the TA in lower SCS is rounded to the nearest TA point that is aligned with lower SCS TA granularity. If two TA points are equidistant from the TA command and aligned with lower SCS TA granularity, UE selects one of those randomly.
For example, assume that two UL BWPs use 15 kHz and 60 kHz respectively but are within the same TAG. Network signals a TA command of 7. Based on the working assumption, the UL BWP that uses 60 kHz SCS will apply a TA command of 28 * 64 Ts. In our proposed method, the UL BWP that uses 15 kHz SCS will round this TA command of 28 * 64 Ts to 32 * 64 Ts since this is the nearest TA point that is aligned with the TA granularity of 15 kHz.
If network signals a TA command of 6, the UL BWP that uses 60 kHz SCS will apply a TA command of 24 * 64 Ts. The TA points of 16 * 64 Ts and 32 * 64 Ts are both equidistant from the TA command and aligned with the 15 kHz SCS TA granularity. Hence, for UL BWP that uses 15 kHz SCS, UE can select 16 * 64 Ts or 32 * 64 Ts randomly. 
The method mentioned above may lead to the accumulation of timing difference across UL carriers within the same TAG to a high value.
Observation 1: Memoryless rounding of the TA in lower SCS to align with lower SCS TA granularity may lead to an accumulation of timing difference across UL carriers.
This leads us to consider the following approach.
UE keeps track of the rounding error: 
In this scenario, UE keeps track of all rounding errors and applies it when they reach the coarser granularity or together with DL timing based adjustment. 
For example, in the scenario shown in the previous section, the UL BWP with lower SCS and higher SCS apply a TA command with 32 * 64 Ts and 28 * 64 Ts respectively. This creates a timing difference of 4 * 64 Ts between two UL carriers. If network signals a TA command of 7 four times, then the accumulated timing difference will become 12 * 64 Ts after the third TA command. Hence, after receiving the 4th TA command, UL BWP with lower SCS can apply a timing advance of 16 * 64 Ts instead of 32 * 64 Ts.  This will ensure that there will be no timing difference across these two UL carriers after the adjustment of the 4th TA command.
Proposal 1: For the timing advance in MAC-CE in the case with multiple configured UL BWPs in the TAG, NR supports rounding the TA in the UL BWP with lower SCS to the nearest TA point that is aligned with lower SCS TA granularity.
Proposal 2: NR supports UE keeping track of the accumulation of rounding errors and applying when it reaches the coarser granularity.

3. Conclusion
Observation 1: Memoryless rounding of the TA in lower SCS to align with lower SCS TA granularity may lead to an accumulation of timing difference across UL carriers.
Proposal 1: For the timing advance in MAC-CE in the case with multiple configured UL BWPs in the TAG, NR supports rounding the TA in the UL BWP with lower SCS to the nearest TA point that is aligned with lower SCS TA granularity.
Proposal 2: NR supports UE keeping track of the accumulation of rounding errors and applying when it reaches the coarser granularity.
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