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1. Introduction
This article talks about remaining details of timing advance granularity and adjustment consideration.
2. Timing advance command in Msg2
NR made the following agreement in RACH procedure session during RAN1 91 [1].
	Agreements:
· Confirm the following working assumption:
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
· Supported by: Ericsson, CATT, Mediatek, ZTE, Sanechips, Huawei, Hisilicon, Qualcomm, LGE, Docomo

Table 3. Granularity of [12] bits TA command 
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note:  seconds.





However, during the same meeting (RAN1 91), RAN1 made the following agreement in NR-LTE coexistence session 
	Agreements:
· 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



The last part of the above agreement seems to contradict with the previous agreement that got agreed in the RACH procedure session. Note that, the current version of the 38.213 spec captures the agreement of the RACH procedure session [2].







“ In case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 256 if the UE is configured with a SCG, and  = 0, 1, 2, ..., 1282 otherwise, where an amount of the time alignment for the TAG for subcarrier spacing of  kHz is given by .  is defined in [4, TS 38.211] and is relative to the subcarrier spacing of the first uplink transmission from the UE after the reception of the random access response.”
In RACH procedure session, since an overwhelming majority of companies supported the agreement, we propose to keep the current version of the spec intact, i.e., the granularity of TA in RAR depends on the first uplink transmission after RAR.
Proposal 1: Confirm that, for the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
 
3. TA granularity with different numerologies among multiple cells and between UL and SUL
NR made the following agreement in email discussion (90b-NR-42) [3],[4] after 90bis meeting:
	Agreements:
· Maximum size of TA command for MAC-CE is 6 (as a working assumption) bits.
· For the timing advance in MAC-CE, its granularity depends on: 
· Subcarrier spacing of the UL BWP in the TAG that the TA in MAC-CE applies to, if there is only one configured UL BWP in the TAG, as shown in Table 1.
· Following alternatives for multiple configured UL BWPs in a the TAG:
· Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
· Alt 2: Maximum SCS of all activated UL BWPs within the TAG
· Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used 
· Other alternatives are not precluded.
Table 1: Granularity of 6 bits TA command for the case of single UL BWP
	Subcarrier Spacing (kHz) of current UL BWP
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts

	Note:  seconds






However, RAN1 91 made the following agreement in NR-LTE-coexistence session [1].
	Agreements:
· 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



The agreement in 91 supports to use the smaller subcarrier spacing of UL and SUL to find the TA granularity. Although the agreement in 90b-NR-07 does not explicitly mention the option of using the smaller subcarrier spacing, it had an option titled “other alternatives are not precluded” which left the possibility open for the agreement in 91. Besides, the agreement in RAN1 91 focuses on UL and SUL; whereas the agreement in 90b-NR-07 focused on multiple UL BWPs. Hence, the agreement in RAN1 does not contradict the agreement in 90b-NR-07.
Current version of the 38.213 spec [2] captures the agreement in RAN1 91bis. “If a UE is configured with two UL carriers in a serving cell, where the subcarrier spacing for a first UL carrier is different than the subcarrier spacing for a second carrier, the timing advance command value is relative to the smaller subcarrier spacing.”
Proposal 2: Confirm that, if a UE is configured with two UL carriers in a serving cell, where the subcarrier spacing for a first UL carrier is different than the subcarrier spacing for a second carrier, the timing advance command value is relative to the smaller subcarrier spacing.

Note that, NR still needs to define the TA granularity when a UE is configured with multiple cells that are in the same TAG but that have different SCS. If a UE scales TA command for each cell according to its own subcarrier spacing, the timing of the multiple cells will not be aligned. Hence, for multiple configured cells in a TAG, the granularity of the TA in MAC-CE depends on the subcarrier spacing of only one out of all configured cells within the TAG.
Proposal 3: For multiple configured cells in a TAG, the granularity of the TA in MAC-CE depends on the subcarrier spacing of only one out of all configured cells within the TAG.
4. Minimum gap required to adjust uplink transmission time according to TA command
Recent version of 38.213 [2] contains the following text:


“For a timing advance command received on slot , the corresponding adjustment of the uplink transmission timing applies from the beginning of slot .”
However, it seems that this six slot gap between TA command and adjustment of the uplink transmission time according to the TA command was not agreed in any meeting or in any email discussion. 
Observation 1: The six-slot gap between the reception of TA command and the corresponding adjustment of the uplink transmission timing, as shown in current version of 38.213, was not agreed in any RAN1 meeting or in any email discussion.
UE needs to decode PDSCH to find the TA command and may apply it to its PUSCH transmission. Hence, the minimum gap needs to accommodate the PDSCH processing procedure time and the PUSCH preparation procedure time. Besides, the TA command is included in MAC-CE. UE requires L2 processing to find the TA command.
Observation 2: The minimum required gap between TA command and corresponding adjustment of the uplink transmission timing depends on the combination of PDSCH processing procedure time (N1), PUSCH preparation procedure time (N2) and MAC processing latency (L2).
Note that, the required time is very similar to the minimum gap between Msg2 and Msg3; where UE will have to decode the PDSCH of Msg2, check whether RAPID in RAR matches the transmitted one in MAC and transmit Msg3 PUSCH. NR made the following agreement to define the minimum gap between Msg2 and Msg3 [1]:
	Agreements:
· Minimum time gap between Msg2 and Msg3 if Msg2 and Msg3 have the same SCS
· Duration of N1 + duration of N2 + L2 + TA
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· TA is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the SCS of Msg3
· L2 refers to the MAC processing latency and it does not depend on subcarrier spacing
· L2=500us as a working assumption
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.



The working assumption of L2 = 500 us got agreed during the last meeting [5].
	Agreements:
· Confirm the working assumption that L2 = 500us as the MAC processing latency during RACH procedure.



Hence, we propose the following as the minimum time gap between the reception of TA command and the corresponding adjustment of the uplink transmission.
Proposal 4: The minimum time gap between the reception of TA command - conveyed through PDSCH - and the corresponding adjustment of the uplink transmission timing, when PDSCH and uplink transmission have the same SCS, is given by the following equation:
· Duration of N1 + duration of N2 + L2
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session.


5. Conclusion
Observation 1: The six-slot gap between the reception of TA command and the corresponding adjustment of the uplink transmission timing, as shown in current version of 38.213, was not agreed in any RAN1 meeting or in any email discussion.
Observation 2: The minimum required gap between TA command and corresponding adjustment of the uplink transmission timing depends on the combination of PDSCH processing procedure time (N1), PUSCH preparation procedure time (N2) and MAC processing latency (L2).
Proposal 1: Confirm that, for the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR

Proposal 2: Confirm that if a UE is configured with two UL carriers in a serving cell, where the subcarrier spacing for a first UL carrier is different than the subcarrier spacing for a second carrier, the timing advance command value is relative to the smaller subcarrier spacing.

Proposal 3: For multiple configured cells in a TAG, the granularity of the TA in MAC-CE depends on the subcarrier spacing of only one out of all configured cells within the TAG.
Proposal 4: The minimum time gap between the reception of TA command - conveyed through PDSCH - and the corresponding adjustment of the uplink transmission timing, when PDSCH and uplink transmission have the same SCS, is given by the following equation:
· Duration of N1 + duration of N2 + L2
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.
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