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1 Introduction
During RAN#94-e meeting, the Rel-18 WID of MIMO evolution for DL and UL was approved [1]. The following objective is related to this AI.
	7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation. 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


In this contributions, our opinions on two TAs for multi-DCI based multi-TRP operation are presented.
2 Discussion
2.1 Update of 2 TAs
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It is necessary to discuss the methods of updating 2 TA values for multi-TRP with 2 TAs. In our opinion, there are two methods to update 2 TA values. The first method is that 2 TA values update individually. As shown in Figure 1, TRP1/2 transmits PDSCH1/2 carrying a TAC with TA1/2 value, respectively. When UE receives the TACs, UE updates two TA values individually. The second method is that 2 TA values update simultaneously. As shown in Figure 2, TRP1 transmits PDSCH1 carrying a TAC or two TACs with both TA1 and TA2 values. When UE receives the TAC, UE updates two TA values simultaneously.
[image: ]
[bookmark: _Ref110257478][bookmark: _Ref110259708]Figure 1. A schematic diagram illustrating method of updating 2 TA values individually.
[image: ]
[bookmark: _Ref111132738]Figure 2. A schematic diagram illustrating method of updating 2 TA values simultaneously.
Proposal 1: Different methods of updating 2 TA values for multi-TRP with 2 TAs should be discussed.
· Individual update
· Simultaneous update
In current spec, the absolute timing advance command MAC CE, carried by msg2, is used to indicate an absolute TA value of uplink transmission when UE is in random access procedure. For multi-TRP with 2 TAs, UE first accesses TRP1 and gets an absolute TA value corresponding to TRP1. Then, UE communicates with TRP2 and gets an absolute TA value corresponding to TRP2. This procedure means that UE cannot access two TRPs simultaneously. Therefore, it is better to update absolute TA values individually.
Proposal 2: Recommend to update absolute TA values individually.
In current spec, the timing advance command MAC CE is used to update a relative TA value of UL transmission when UE is in connection mode. In some situations, there is large time delay between two TRPs because of non-backhaul. One TRP cannot obtain the TA value of the other TRP. Therefore, it is also better to update TA values individually.
Proposal 3: Recommend to update TA values individually.
2.2 Signaling of 2 TAs
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]The following agreement on the number of n-TimingAdvanceOffset value per serving cell was made in RAN1#109-e meeting:
	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 current spec, there is one n-TimingAdvanceOffset value per serving cell. According to TS 38.133, the value of [image: ](n-TimingAdvanceOffset value) depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ] is defined in Table 7.1.2-2. Although the number of TA value is changed from 1 to 2, it is not necessary to increase the number of n-TimingAdvanceOffset value.
Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void


Proposal 4: Support Alt 2: two n-TimingAdvanceOffset value per serving cell.
[bookmark: OLE_LINK29]The following agreement on the association between TAs and TAGs was made in RAN1#109-e meeting:
	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


According to TS 38.133, for serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. To support 2 TAs, configuring two TAGs within a serving cell is more flexible.
Proposal 5: Support Alt 1: configure two TAGs within a serving cell.
2.3 Other issues
The following agreement on the number of reference timings was made in RAN1#109-e meeting:
	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 



According to TS 38.133, the uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. That means the adjustment of UL TA for UE based on the DL reference timing. For multi-TRP operation, the difference of propagation delay and the inaccuracy of synchronization between 2 TRPs may result in different DL timings. However, it is better to consider two reference timings.
Proposal 6: Support Alt1: two reference timings are considered.
The following agreement on the application was made in RAN1#109-e meeting:
	Agreement
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· Simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
· Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.


[bookmark: _GoBack]In current spec, UE transmitting UL signals to different TRPs has the same time in advance due to 1 TA. In this case, UL signals from UE to different TRPs in transmission time do not overlap. However, after introducing 2 TAs, UE transmitting UL signals to different TRPs has the different time in advance. In this case, UL signals from UE to different TRPs in transmission time may overlap. For UE with single Tx, it cannot transmit UL signals simultaneously.
Figure 3(a) shows the case of 1 TA and Figure 3(b) shows the case of 2 TAs. UL signal 1/2 are transmitted from UE to TRP1/2, respectively. There is not overlapping in time domain when TRP 1/2 receive UL signal 1/2. In the case of 1 TA, UE can transmit UL signal 1 UL signal 2 in turn. Hence, there is not overlapping in time domain when UE transmits UL signal 1 and 2. However, in the case of 2 TAs, assuming that TA2 > TA1, UE needs to transmit UL signal 2 more in advance. Hence, there is overlapping in time domain when UE transmits UL signal 1 and 2.
[image: ]
[image: ]
[bookmark: _Ref110260868]Figure 3. Schematic diagrams illustrating problem of UL transmission overlapping.
Proposal 7: UL transmission overlapping at time domain for a UE due to 2 TAs should be discussed.
To avoid this problem, different operations should be discussed. For example, at TRP side, allocating UL signal resources at time domain can be considered. At UE side, multiplexing or fallback method can be considered.
Proposal 8: Different operations to avoid UL transmission overlapping should be discussed.
· Operation at TRP side
· Operation at UE side
3 Conclusion
In this contributions, our opinions on two TAs for multi-DCI based multi-TRP operation are listed as follows.
Proposal 1: Different methods of updating 2 TA values for multi-TRP with 2 TAs should be discussed.
· Individual update
· Simultaneous update
Proposal 2: Recommend to update absolute TA values individually.
Proposal 3: Recommend to update TA values individually.
Proposal 4: Support Alt 2: two n-TimingAdvanceOffset value per serving cell.
Proposal 5: Support Alt 1: configure two TAGs within a serving cell.
Proposal 6: Support Alt1: two reference timings are considered.
Proposal 7: UL transmission overlapping at time domain for a UE due to 2 TAs should be discussed.
Proposal 8: Different operations to avoid UL transmission overlapping should be discussed.
· Operation at TRP side
· Operation at UE side
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