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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. 

TA granularity
At the previous 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.



	Agreements: (RAN1 #90bis)
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
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: Ts = 1/(64*30.72*106) seconds.



Here, we would like to confirm this working assumption. Furthermore, we think the rounding rule agreed in the working assumption should be extended to the TA command carried by a random access response as well. For example, when UE conducts a RACH procedure on a cell with a larger SCS in connected mode, say 60kHz, then the granularity of the TA command received in RAR is 4*64 Ts with Ts = 1/(64*30.72*106) seconds based on the above agreement made in RAN1 #90bis. However, if the uplink numerology of its another cell in the same TAG is only 15kHz, then the TA applied to the cell with a lower SCS may be rounded to align with its SCS TA granularity which is 16*64 Ts with Ts = 1/(64*30.72*106) seconds. Hence, we have the following proposals.
[bookmark: _Ref510772673]Proposal 1: Confirm the above working assumption made in RAN1 #92 about the granularity of TA adjustment command in MAC-CE. 
[bookmark: _Ref510550223][bookmark: _Ref510772681]Proposal 2: In case of random access response, when the granularity of the TA command is decided by a higher SCS, the TA to be applied to BWP with lower SCS may be rounded in order to align with lower SCS TA granularity. 

TA adjustment timing
During an offline discussion in RAN1 #92 meeting, the issue of adjustment timing of TA command in MAC-CE was discussed. The following alternatives were proposed. 
	The minimum time gap between the reception of 6 bit 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:
· Alt 1: Duration of N1 + duration of N2 + L2
· Alt 2: max{1 ms, Duration of N1 + duration of L2 + TA_new}
· Alt 3: Duration of N1 + duration of N2 + duration of L2 + TA_new
· N1 refers to the value determined in control session with front loaded plus additional DMRS and depends on UE capability
· N2 also refers to the value determined in control session and depends on UE capability
· 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.”



As illustrated in the upper part of Figure 1, the new TA is available at time t1, after UE decodes PDCCH and PDSCH and reads TA command at the higher layer. Intuitively, the new TA value can be applied to PUSCH scheduled in time instance after a duration of N1+L2+new_TA since the ending of the received PDSCH carrying TA command. However, as shown in the lower part of the following figure, what if the UL grant for the scheduled PUSCH is received before the new TA is available and the corresponding PUSCH preparation is not ready until time t2, what TA value should be applied to this PUSCH transmission? By time t2, the new TA value is already available. However, the preparation for PUSCH to be transmitted at time t2 is almost done as well. If UE is required to apply new TA instead of the old TA to the scheduled PUSCH, it definitely needs some time to (re)generate the PUSCH. Furthermore, the update timing should be aligned to slot boundaries. Therefore, we have the following proposal. 
[bookmark: _Ref510772688]Proposal 3: UE applies the received TA command in MAC-CE from the beginning of the first slot for which a time duration between the reception of PDSCH carrying TA command in MAC-CE and the beginning of the slot is larger than or equal to duration of N1 + duration of N2 + L2 + TA_new where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and depends on UE capability
· N2 also refers to the value determined in control session and depends on UE capability
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_new refers to the updated TA based on the received timing adjustment command in MAC-CE. 
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session.




[bookmark: _Ref510766117]Figure 1: Illustration of TA adjustment timing

Furthermore, we think when the TA command in RAR is applied by UE should be discussed. In our view, similar to the TA adjustment command in MAC-CE, the TA adjustment timing for TA command in RAR should be aligned to the slot boundaries. Due to the support of mini-slot transmission, there may be more than one uplink transmission in the same slot, especially in connected mode. If they are applied with different TA values, it would increase UE complexity to support this. Please see more details about this discussion in our companion contribution [1]. 
[bookmark: _Ref510819454]Proposal 4: UE applies the received timing advance command in RAR from the beginning of the first slot for which a time duration between the reception of Msg2 and the beginning of the slot is larger than or equal to duration of N1 + duration of N2 + L2 + duration of NTA where
· 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
· NTA refers to the time duration of the TA command carried in RAR
· L2 = 500usec refers to the MAC processing latency and it does not depend on subcarrier spacing
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.
Text Proposals
Timing advance command in RAR  
	Agreements (RAN2 #98)
[…]
6.	As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.
7.	When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 
8.	When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.
9.	When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.
10.	when performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.



Based on the above agreements made by RAN2, we know that though PRACH can be transmitted on both PCell/PSCell and SCell, the random access response can be only received on PCell/PSCell. Therefore we propose the following text proposal to take RAN2’s agreements and our Proposal 2 in to consideration.  
------------------------ Start of Text Change in Section 4.2 of TS38.213 ----------------------------






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, ..., 3846 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 on the cell where PRACH was transmitted from the UE after the reception of the random access response. If a UE has multiple active UL BWPs in a same TAG, including UL BWPs in two UL carriers of a serving cell, 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.
------------------------ End of Text Change in Section 4.2 of TS38.213 --------------------------------

TA adjustment timing
------------------------ Start of Text Change in Section 4.2 of TS38.213 ----------------------------



For If a timing advance command in MAC-CE is received on slot , the UE shall apply the corresponding adjustment of the uplink transmission timing applies from the beginning of the first slot for which a time duration between the last symbol of the PDSCH conveying the timing advance command and the beginning of the slot is larger than or equal to .  . is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability when additional PDSCH DM-RS is configured, is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability [6, TS 38.214], and  is the new TA value updated based on the received TA command in MAC-CE. Both  and  are UE capability dependent. If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as specified in [10, TS 38.133], the UE changes  accordingly.
------------------------ End of Text Change in Section 4.2 of TS38.213 --------------------------------
Conclusion  
Regarding the remaining issues of TA granularity and TA adjustment timing, we have the following proposals. 
Proposal 1: Confirm the above working assumption made in RAN1 #92 about the granularity of TA adjustment command in MAC-CE.
Proposal 2: In case of random access response, when the granularity of the TA command is decided by a higher SCS, the TA to be applied to BWP with lower SCS may be rounded in order to align with lower SCS TA granularity.
Proposal 3: UE applies the received TA command in MAC-CE from the beginning of the first slot for which a time duration between the reception of PDSCH carrying TA command in MAC-CE and the beginning of the slot is larger than or equal to duration of N1 + duration of N2 + L2 + TA_new where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and depends on UE capability
· N2 also refers to the value determined in control session and depends on UE capability
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_new refers to the updated TA based on the received timing adjustment command in MAC-CE. 
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session.

[bookmark: _GoBack]Proposal 4: UE applies the received timing advance command in RAR from the beginning of the first slot for which a time duration between the reception of Msg2 and the beginning of the slot is larger than or equal to duration of N1 + duration of N2 + L2 + duration of NTA where
· 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
· NTA refers to the time duration of the TA command carried in RAR
· L2 = 500usec refers to the MAC processing latency and it does not depend on subcarrier spacing
· 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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