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1 Introduction
The Rel-18 WI on NR MIMO evolution for downlink and uplink is approved in RAN#94-e meeting [1], which includes the following objective.
	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.


In this contribution, we discuss on two TAs for UL multi-DCI for multi-TRP operation.

2 Two TAs for UL multi-DCI for multi-TRP operation
2.1 TRP-specific reference timings
In M-TRP transmission, since the two cooperative TRPs are generally not geographically co-located, the distances between different TRP-UE pairs are typically different. As a result, the DL/UL signal transmissions between TRPs and UE experience different propagation time delays. In RAN1#109-e meeting [2], two TAs for UL multi-DCI for M-TRP operation was supported in Rel-18. When TRP-specific TAs are adopted, the number of reference timings should also be discussed, and considering the following two cases. Without loss of generality, we assume that TRP#1 is closer to UE than the TRP#2.
· Case 1: Adopting two TAs (TRP-specific) and one TA reference timing (based on TRP#1)
· Case 2: Adopting two TAs (TRP-specific) and two TA reference timings (TRP-specific)
A detailed mathematical timing analysis for TA can be found in Appendix. The above-mentioned two cases are illustrated in Figure 1.


[bookmark: _Ref102061392][bookmark: _Ref102061389]Figure 1 Timing analysis for one/two TA reference timings.
From Figure 1 we can observe that when adopting TRP-specific TA reference timings, the DL and UL signals can be aligned at two TRPs. As a result, we support to adopt two TA reference timings in Rel-18 inter/intra-cell M-TRP operation. The RAR TAC and MAC-CE TAC are then used to indicate the initial TAs and updated TAs for M-TRP [3][4].
[bookmark: _Hlk110973783]Adopting TRP-specific reference timings for multi-DCI M-TRP operation.

2.2 Number of n-TimingAdvanceOffset values per serving cell





The uplink frame transmission takes place  before the start of the corresponding downlink frame received at the UE, where . The value  of a timing advance offset for a serving cell mainly depends on the duplex mode (FDD or TDD band) of the cell and the frequency range (FR1 or FR2). The value  is provided by n-TimingAdvanceOffset, and the UE applies the value defined in Table 7.1.2-2 of TS 38133 if this field is absent. Since the M-TRP generally share the same frequency range and duplex mode, the M-TRP can adopt the same  to minimize the specification impact.
To minimize the specification impact, one n-TimingAdvanceOffset value can be used per serving cell for M-TRP.

2.3 Number of TAGs within a serving cell and TA association
The UE adjusts the uplink timing of uplink channels/signals transmission for the serving cell which is associated with a TAG. Different serving cells are configured by the same or different TAGs, and the maximum number of TAGs is four. The TAC indicates the change of the uplink timing relative to the current uplink timing for the TAG identified by TAG ID. When using TRP-specific TAs for M-TRP, the number of TAGs should be discussed. In RAN1#109-e meeting, the following two alternatives are proposed, i.e., configuring two TAGs within a serving cell and considering two TAs within one TAG within a serving cell. When using two TAGs within a serving cell for M-TRP, a second octet can be added in the MAC-CE in which the two MSBs denote the TAG ID and the six LSBs represent the TAC. A simple way to distinguish the TAG is to associate the TAG with coresetpoolindex so that different TA can be indicated for M-TRP. When using one TAG with a serving cell, it may require more RAN2 specification impact on MAC-CE design, e.g., the association of two TAs within TAG.
Two TAGs can be configured within a serving cell and a second octet can be added in the MAC-CE. Two TAs can be associated with coresetpoolindex for M-TRP.

2.4 Random access procedure enhancements
In RAN1#109-e meeting, the following two cases are considered, i.e., inter-cell M-TRP and intra-cell M-TRP.
Case 1: Inter-cell M-TRP
In inter-cell M-TRP, two TRPs adopt two independent random access processes to acquire two TAs. UE transmits random access preambles to two TRPs and receives RARs from two TRPs independently in a successive or parallel way.
Case 2: Intra-cell M-TRP
In intra-cell M-TRP, two TRPs adopt two independent random access processes to acquire two TAs. UE distinguishes the TRP based on whether the beam direction of SSB contains CORESET#0 or not. The TRP whose beam direction of SSB contains CORESET#0 is specified as the TRP#1, and the other TRP is specified as the TRP#2. The UE receives and detects CORESET#0 and SIB, and achieves the first RO as well as the first random access preamble corresponding to the first SSB. Then the UE initiates random access process and transmits random access preamble to TRP#1 in the first RO. The UE determines the second SSB (without CORESET#0), and then the gNB triggers PDCCH order to indicate the random access process for TRP#2 to acquire two TAs. The M-TRP can be associated with different values of coresetpoolindex. The two TAs can thus be indicated and updated by RAR and MAC-CE, respectively.
Adopting per-TRP random access process to acquire two TAs for inter/intra-cell M-TRP operation.
For intra-cell M-TRP, the UE initiates random access and transmits preamble to TRP#1 in the first RO. The gNB triggers PDCCH order to indicate the random access process for TRP#2 in the second RO to acquire two TAs.

2.5 Indication of two TAs
When TRP-specific TAs are acquired, the two TAs are indicated by RAR TAC initially and updated by MAC-CE TAC.

RAR TAC:
A second RAR TAC field can be introduced. The existing and the second RAR TAC fields indicate the TA for TRP#1 and TRP#2, respectively.


The  and  can be respectively calculated as 

	 	

	 	


where  is indicated by the existing RAR TAC field (12 bits), and  is indicated by the introduced second RAR TAC field (e.g., 12 bits).
Using two TAC fields in RAR to indicate the two TAs for M-TRP separately.

MAC-CE TAC:
If only one TAG is configured, the following MAC-CE design can be used.
Alt.1: Adopt one MAC-CE to update two TAs for M-TRP.
Alt.1-1: A second MAC-CE TAC field can be introduced. The existing and the second MAC-CE TAC fields indicate the updated TA for TRP#1 and TRP#2, respectively.


The  and  can be respectively calculated as

	 	

	 	




where  is indicated by the existing MAC-CE TAC field (6 bits),  is indicated by the introduced second MAC-CE TAC field (e.g., 6 bits),  and  are indicated initially by RAR TAC.

Alt.1-2: A MAC-CE timing advance offset command (TAOC) field can be introduced. The existing MAC-CE TAC field indicates the updated TA for TRP#1, and the introduced MAC-CE TAOC field indicates the relative offset  for TRP#2 with respect to the updated TA for TRP#1.


The  and  can be respectively calculated as

	 	

	 	





where  is indicated by the existing MAC-CE TAC field (6 bits),  is indicated by the introduced MAC-CE TAOC field (e.g., 7 bits) in which the first bit indicates the positive or negative of ,  and  are indicated initially by RAR TAC.
One MAC-CE can be adopted to indicate the updated TAs for M-TRP. One way is to introduce a second MAC-CE TAC field (e.g., 6 bits) while the existing and the second MAC-CE TAC fields indicate the updated TAs for TRP#1 and TRP#2, respectively. The other way is to introduce a new MAC-CE TAOC field (e.g., 7bits) while the existing MAC-CE TAC field indicates the updated TA for TRP#1 and the introduced MAC-CE TAOC field indicates the relative offset  for TRP#2 with respect to the TA for TRP#1.

If two TAGs are configured, the following MAC-CE design can be used.
Alt.2: Adopt two MAC-CE to update two TAs for M-TRP. 
A second MAC-CE can be introduced. The TAC fields of the existing and the second MAC-CE indicate the TA for TRP#1 and TRP#2, respectively. Each TAC is associated with a TAG ID.


The  and  can be respectively calculated as 

	 	

	 	




where  is indicated by the TAC field of the existing MAC-CE,  is indicated by the TAC filed of the second MAC-CE,  and  are indicated initially by RAR TAC, respectively.
The second MAC-CE can be introduced to indicate the updated TAs for M-TRP. The TACs in the existing and the second MAC-CE are adopted to indicate the updated TAs for TRP#1 and TRP#2, respectively. Each TAC is associated with a TAG ID.

3 Conclusion
In this contribution, we discuss about two TAs for UL multi-DCI for multi-TRP operation. According to the above discussions, we provide the following observation and proposals.
1. Adopting TRP-specific reference timings for multi-DCI M-TRP operation.
To minimize the specification impact, one n-TimingAdvanceOffset value can be used per serving cell for M-TRP.
Two TAGs can be configured within a serving cell and a second octet can be added in the MAC-CE. Two TAs can be associated with coresetpoolindex for M-TRP.
Adopting per-TRP random access process to acquire two TAs for inter/intra-cell M-TRP operation.
For intra-cell M-TRP, the UE initiates random access and transmits preamble to TRP#1 in the first RO. The gNB triggers PDCCH order to indicate the random access process for TRP#2 in the second RO to acquire two TAs.
Using two TAC fields in RAR to indicate the two TAs for M-TRP separately.
[bookmark: _GoBack]One MAC-CE can be adopted to indicate the updated TAs for M-TRP. One way is to introduce a second MAC-CE TAC field (e.g., 6 bits) while the existing and the second MAC-CE TAC fields indicate the updated TAs for TRP#1 and TRP#2, respectively. Another way is to introduce a new MAC-CE TAOC field (e.g., 7bits) while the existing MAC-CE TAC field indicates the updated TA for TRP#1 and the introduced MAC-CE TAOC field indicates the relative offset  for TRP#2 with respect to the TA for TRP#1.
The second MAC-CE can be introduced to indicate the updated TAs for M-TRP. The TACs in the existing and the second MAC-CE are adopted to indicate the updated TAs for TRP#1 and TRP#2, respectively. Each TAC is associated with a TAG ID.
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5 Appendix
Table 1 Timing analysis for case 1
	
	TRP#1
	TRP#2

	Distance
	

	


	TRP Tx timing
	

	


	Propagation delay
	

	


	UE Rx timing
	

	


	TA reference timing
	

	


	TA
	

	


	UE Tx timing
	

	


	TRP Rx timing
	

	


	TRP Rx timing offset
	

	


	Rx timing offset between TRPs
	




[bookmark: _Ref102061380]Table 2 Timing analysis for case 2
	
	TRP#1
	TRP#2
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	Rx timing offset between TRPs
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