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1. [bookmark: _Ref521334010]Introduction
In this contribution, TA related issues are discussed with the following outline: TA acquisition is discussed in section 2. In Section 3, TA indication signaling design is considered. Association between TA and uplink transmission is discussed in Section 4. In section 5, other TA related issues are discussed, including n-TimingAdvanceOffset, overlapping UL transmission interruptions, reference timings and TAG configuration. A brief conclusion is given in section 6. 
2. Initial TA Acquisition
In RAN1 #109 e-meeting, the following agreements were achieved [1]:
Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.

It has been agreed that two TAs will be supported in Rel-18 multi-DCI multi-TRP scenarios. The first issue to be solved is the TA acquisition of the second TRP. In RAN1#109 e-meeting, it is proposed to study whether enhancements to the current RACH procedure are needed, including both CBRA and CFRA based RACH. 
For Intra-cell M-TRP, suppose gNB has two TRPs: TRP1 and TRP2 and the first TA (TA of TRP1) has been obtained by the legacy random access procedure. To obtain the second TA(TA of TRP2), gNB can trigger UE to send a preamble to the TRP2. E.g. by triggering PDCCH order as shown in Table 1. 
[bookmark: _Ref111214731]Table 1 Fields of DCI of PDCCH order
	PDCCH order field
	Size
	Description

	Identifier for DCI formats
	1 bit
	Value should be “1” indicating DCI Format 1_0

	Frequency domain resource assignment
	
	 is the size of DL BWP. This field is all ones indicating that this is a PDCCH order.

	Random Access Preamble index
	6 bits
	ra_PreambleIndex. If this is all 0 a CBRA procedure is triggered, else the ra_PreambleIndex is used for a CFRA procedure.

	UL/SUL indicator
	1 bit
	If SUL is configured, and ra_PreambleIndex is not all 0, this field indicates UL carrier, else it is reserved. When indicating UL carrier: “0” is for normal uplink and “1” is for SUL.

	SS/PBCH Index
	6 bits
	If ra_PreambleIndex is not all zeros, the SS/PBCH block index used to determine the associated RO to transmit the preamble on, else reserved.

	PRACH Mask Index
	4 bits
	If ra_PreambleIndex is not all zeros, this parameter is used to determine the RO to transmit the preamble on, else reserved.

	Reserved bits
	10 bits
	


For CFRA based RACH procedure, the SS/PBCH index in the PDCCH order indicates UE the beam to transmit preamble with the Random Access Preamble index in the same PDCCH order. Assume the SSBs are grouped into 2 groups at gNB side： SSB group1{SSB1, SSB3, SSB5} and SSB group2 {SSB2, SSB4, SSB6}.


[bookmark: _Ref111214794]Figure 1. Illustration of SSB grouping in TA acquisition of the second TRP

SSB group1 is transmitted from TRP1, SSB group2 is transmitted from TRP2, as shown in Figure 1. 
At the same time, gNB configures the association between SSB and PRACH occasion(ssb-perRACH-OccasionAndCB-PreamblesPerSSB) as: PRACH occasion 1 is associated with {SSB1, SSB3, SSB5}, PRACH occasion 2 is associated with {SSB2, SSB4, SSB6}. Assume gNB perform the beam sweeping by transmitting {SSB1, SSB3, SSB5} and {SSB2, SSB4, SSB6} by TRP1 and TRP2 respectively. UE determines the best receiving beam for each SSB and stores them. At time slot n, when gNB send a PDCCH order to UE with the SS/PBCH index included is SSB2 and the Random Access Preamble index is 13. Upon reception of the PDCCH order, UE will send preamble of index 13 in PRACH occasion 2 with the beam that receives SSB2 which has been obtained during the beam sweeping. This preamble is detected at the gNB and with the detected preamble, the round-trip delay from UE to TRP2 is estimated and indicated to UE as TAC by MAC RAR. 
UE will receive RAR MAC PDU in the RAR window after sending the preamble and use the TA command(12bits) included in the MAC RAR to calculate the absolute value of timing advance NTA-2. 
Meanwhile, UE uses the CORESETPoolIndex of the PDCCH order to decide the TA included in the RAR MAC PDU belong to TRP2. UE will use NTA-2 together with a timing offset NTA_offset provided by gNB to perform timing adjustment of PUSCH on the basis of  the downlink receiving frame for TRP2.
For CBRA based RACH, to obtain the TA of the second TRP, one scenario for this case is that the CFRA based preamble has been consumed so that CBRA based preamble has to be considered. In this case, UE can work in single TRP mode and wait until CFRA based preamble is available. No enhancement is needed. 
For Inter-cell M-TRP, two TRPs perform two independent random access processes to obtain two TAs. UE transmits random access preamble to two TRPs and receives random access responses (RARs) from two TRPs independently. 
Proposal 1: For initial TA acquisition of the second TRP, consider RACH based mechanism triggered by PDCCH order. 
Proposal 2: For CFRA based RACH, SS/PBCH index in the PDCCH order determines the beam used by UE to transmit preamble with Random access preamble index to the second or first TRP. CORESETPoolIndex of the PDCCH order is used by UE to decide the TA applied to second or first TRP. 
Proposal 3: For CBRA based RACH, UE can work in single TRP mode and wait until the CFRA based preamble is available. No enhancement is needed. 
3. TA indication signaling design
In RAN1#109-e meeting, the following agreements on TA indication were achieved [1]:
Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.
In NR Rel-15/16, if uplink out-of-synchronization is detected, gNB will estimate timing advance by triggering an uplink reference signal(e.g. preamble) transmission. The estimated TA is indicated to UE by TA command MAC-CE, where TA Command is operated with TAG (Timing Advance Group) identified by TAG ID. Each TAG consists of a group of CCs sharing a same TA. Upon the indication from gNB, UE will calculate the absolute value of the timing advance and use it on the consequent PUSCH/PUCCH transmission, the absolute value is calculated by:
NTA_new = NTA_old + (TA-31)*16*64/2u. TA = 0, 1, 2, 3, …, 63.
where TA is indicated by gNB, 2u represents the SCS of 2u * 15K. NTA_old is the absolute value of TA for previous TA adjustment. 
In UL multi-DCI for multi-TRP transmission, multiple TAs are needed to adjust the multiple uplink transmission to different TRPs. In the discussion of TA indication signaling design in RAN1 #109e meeting, two alternatives are proposed, i.e. 
Alt1: the network signals two TACs
Alt2: the network signals one TAC and the UE deriving the second TA 
For Alt1, two TACs are indicated with each TAC includes one TA to one TRP transmission. Upon the indication, UE will calculate absolute value of each TA by:
NTA_new_1 = NTA_old_1 + (TA1-31)*16*64/2u. TA1 = 0, 1, 2, 3, …, 63.
NTA_new_2 = NTA_old_2 + (TA2-31)*16*64/2u. TA2 = 0, 1, 2, 3, …, 63.
where TA1 and TA2 are the two TAs indicated by gNB, NTA_old_1 and NTA_old_2 are the absolute value of TA in previous TA adjustment for TRP1 and TRP2 respectively. 
UE will use NTA_new_1 and NTA_new_2 to adjust the consequent PUSCH/PUCCH transmission to TRP1 and TRP2 individually.
For Alt2, the network signals one TAC to UE, the second TA will be derived by UE. For the second TA, one method is that gNB signals the offset of the two TA in the same signaling, in this way, the change to the current spec is a bit large. Another method is that UE estimates the difference of the two TA by some way. E.g. the receiving timing difference of the downlink reference signal. In this case how to apply the TA in the indicated TAC to uplink transmissions of one of the two TRPs needs to be further clarified. 
Proposal 4: For TA indication signaling design, support the network signals two TACs with less impact on current spec.
4. Association between TA and Uplink transmission
In UL multi-DCI for multi-TRP transmission, to ensure the indicated TA be applied to the corresponding TRP in PUSCH/PUCCH transmission, association between TA and TRP needs to be established with the following schemes: 
Opt1:  Association between TA and CORESETPoolIndex.
Opt2:  Association between TA and TCI state/Spatial Relation info.
For Opt1, each TA can be associated with the CORESETPoolIndex of the CORESET scheduling the PUSCH. For PUCCH carrying the HARQ/ACK, each TA can be associated with the CORESETPoolIndex of the CORESET scheduling the PDSCH, through the association of the TA with PDSCH, the TA is subsequently associated with the PUCCH carrying HARQ/ACK. For PUCCH for CSI reporting, the association between CORESETPoolIndex and periodic/semi-persistent PUCCH can be defined by RRC configuration. 
For Opt2, each TA can be associated with TCI state/Spatial Relation info of the PUSCH/PUCCH transmission. When two TCI states/Spatial Relation infos are indicated for PUSCH/PUCCH transmission to two TRPs, the associated TA can be used accordingly. In the implementation, a TASG is introduced to represent a CC group that can be used for one TRP, each TAG consists of several TASG, UE maintains one TA for each TASG. 
Proposal 5: TA can be associated with uplink transmission by CORESETPoolIndex or with TCI state/spatial relation info. For the latter case, consider TA subgroup(TASG) based TA adjustment where TASG represent a CC group applied for one TRP,UE maintains one TA for each TASG and uses TASG associated with the TRP to perform TA adjustment of PUSCH/PUCCH transmission.
5. Other issues 
5.1 n-TimingAdvanceOffset 
In RAN1#109-e meeting, the following agreements on TA timing offset were achieved [1]:
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell
In Rel-16/17 TA adjustment mechanism, after UE receives RAR MAC PDU, the absolute value of Timing advance TTA can be obtained by:


Where NTA = TA * 16 * 64/2u, with TA = 0,1,2,…,3846 indicated by the TAC in the RAR MAC PDU. 
 2u x 15KHz is the SCS. TC = 1/(4096*480000)s = 0.509ns. NTA, offset is provided to UE as follows:
[image: ]
If NTA, offset is not provided to UE, default values of NTA, offset can be obtained by Table 7.1.2-2
Of [2]. UE will perform timing adjustment of frame i for uplink transmission on the basis of the timing of downlink frame i with TTA.
In the discussion of RAN1 #109 e-meeting, one issue to be solved is one or two n-TimingAdvanceOffset value per serving cell shall be supported for the multi-TRP transmission with two TAs with the following Alternatives:
Alt 1:  one n-TimingAdvanceOffset value per serving cell
Alt 2:  two n-TimingAdvanceOffset value per serving cell
The original objective of NTA，offset is to provide UE an offset between UL transmission timing and DL receiving timing. Normally, it is band specific and for a specific band, this parameter keeps the same value. e.g. 25600Tc for NR FR1 and 13792Tc for NR FR2. 
Proposal 6: Support one n-TimingAdvanceOffset value per serving cell.
5.2 On overlapping UL transmission interruptions
In RAN1 #109 e-meeting, an issue proposed to be discussed is the overlapping between two UL channels/signals due to different TAs in a same CC. Specifically, two issues need to be handled: 1) whether the UE can transmit two UL signals/channels simultaneously in the same CC in which case the overlapping UL transmissions are allowed. 2) how to handle the overlap when UE is not capable of simultaneously transmitting two UL signals/channels.
In NR Rel-16 TDM based PUSCH transmission. overlapping might happen between the two adjacent slots due to difference TA applied. The solution to this case is given in TS38.213 as “If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot”. 
In RAN1 #109 e-meeting, it has been agreed that two TAs are supported for the muti-DCI based multi-TRP transmission. In such a case, when Rel-16 TDM multi-DCI based PUSCH transmission is considered, due to the restriction of UE capability, only one PUSCH transmission is allowed at a time, this can be ensured by scheduling implementation of gNB or similar dropping rule as those legacy one, e.g. drop the overlapping part of PUSCH1/PUSCH2, as shown in Figure 2.


[bookmark: _Ref111214847]Figure 2. Illustration of dropping for Rel-16 TDM multi-DCI based PUSCH transmission

In case of NR Rel-18 STxMP transmission, UE can transmit the two UL channels simultaneously in the CC. In this case, UE has two independent RF chains/PAs with different TAs, UE use independent timing for the two UL transmissions , no additional processing is needed when PUSCH1 is overlapping with PUSCH2 once the association between TA and each PUSCH is established. 
Proposal 7: For Rel-16 TDM multi-DCI based PUSCH transmission, UE is not allowed to transmit two UL signals/channels simultaneously in the CC, when overlapping happens due to the two TA adjustment, similar dropping rule as the legacy one is considered. 	
Proposal 8: For NR Rel-18 STxMP transmission, UE can transmit two UL signals/channels simultaneously in the same CC in which case the overlapping UL transmissions are allowed, no additional processing is needed when the two transmissions overlap. 
5.3 Reference timings issue
In RAN1#109-e meeting, the following agreements on TA timing reference were achieved [1]:
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 
In NR Rel-16/17 uplink transmission, when UE receives the TAC, it will use NTA included in the TAC together with a timing offset NTA_offset provided to perform timing adjustment of frame i for uplink transmission on the basis of the timing of downlink frame i which is called reference timing. The relation between uplink and downlink timing is shown in Figure 3.


[bookmark: _Ref111214880]Figure 3. Uplink-downlink timing relation

In RAN1 #109 e-meeting, it was agreed that two TAs are adopted in Rel-18 M-TRP, i.e. TRP-specific TAs. Meanwhile, it was discussed whether TRP specific reference timing is needed in NR Rel-18 multi-TRP transmission with the following two alternatives: 
Alt1:  two reference timings are considered. 
Alt2:  one reference timing is considered. 
In our opinion, for the discussion of two TA enhancement for multi-DCI based multi-TRP operation, it is assumed that the received DL transmissions from multiple TRPs are within a CP. i.e. synchronous TRP transmission is considered. Based on this common understanding, one reference timing. e.g. DL receiving timing of any one of the two TRP can be considered. For Alt1, further analysis is needed to the benefits which can be obtained. 
Proposal 9:  Support Alt.2, i.e. one reference timings is considered. 
5.4 On TAG configuration
In RAN1#109-e meeting, the following agreements on TAG configuration were achieved [1]:
Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell
In NR Rel-16/17, the uplink transmission timing adjustment is achieved on the basis of TAG, i.e. CCs belonging to the same TAG use the same TA value. In NR Rel-18, for M-DCI based M-TRP transmission, two TAs are supported to achieve per-TRP uplink transmission timing adjustment. Regarding on how to achieve two TAs for one serving cell, two alternatives are proposed in RAN1 #109 e-meeting, 
Alt1: configure two TAGs within a serving cell
Alt2: consider two TAs within one TAG within a serving cell.
Both alternatives can work. But in comparison with Alt1, Alt2 requires two TAs within one TAG and need more additional spec work, e.g. TA Command MAC CE need to be enhanced. So Alt1 is slightly preferred. 
Proposal 10: For TAG configuration, configure two TAGs within a serving cell(Alt1) is slightly preferred. 
6. [bookmark: _GoBack]Conclusion
In this contribution, we focus on the enhancement on two TAs for uplink multi-DCI for multi-TRP operation, Initial TA acquisition, TA indication, association between TA and Uplink transmission are mainly discussed. We have the following proposals:
Proposal 1: For initial TA acquisition of the second TRP, consider RACH based mechanism triggered by PDCCH order. 
Proposal 2: For CFRA based RACH, SS/PBCH index in the PDCCH order determines the beam used by UE to transmit preamble with Random access preamble index to the second or first TRP. CORESETPoolIndex of the PDCCH order is used by UE to decide the TA applied to second or first TRP. 
Proposal 3: For CBRA based RACH, UE can work in single TRP mode and wait until the CFRA based preamble is available. No enhancement is needed. 
Proposal 4: For TA indication signaling design, support the network signals two TACs with less impact on current spec.
Proposal 5: TA can be associated with uplink transmission by CORESETPoolIndex or with TCI state/spatial relation info. For the latter case, consider TA subgroup(TASG) based TA adjustment where TASG represent a CC group applied for one TRP,UE maintains one TA for each TASG and uses TASG associated with the TRP to perform TA adjustment of PUSCH/PUCCH transmission.
Proposal 6: Support one n-TimingAdvanceOffset value per serving cell.
Proposal 7: For Rel-16 TDM multi-DCI based PUSCH transmission, UE is not allowed to transmit two UL signals/channels simultaneously in the CC, when overlapping happens due to the two TA adjustment, similar dropping rule as the legacy one is considered. 	
Proposal 8: For NR Rel-18 STxMP transmission, UE can transmit two UL signals/channels simultaneously in the same CC in which case the overlapping UL transmissions are allowed, no additional processing is needed when the two transmissions overlap. 
Proposal 9: Support Alt.2, i.e. one reference timings is considered. 
Proposal 10: For TAG configuration, configure two TAGs within a serving cell(Alt1) is slightly preferred. 
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