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1.	Introduction
In this contribution, we share our view on the number of downlink timing references in mTRP with two TAs.
2. 	Discussion
DL reference timing
RAN4#108b
Agreement: 
· 
For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place  before the reception of the first detected path (in time) of the corresponding downlink frame of the reference signal associated with UL/joint TCI state.

In RAN4#108b meeting where the above agreement was made, it was our understanding that ‘reference signal associated with UL/joint TCI state’ refers to any reference signal from a TRP associated coresetPoolIndex. However, the agreement was differently (than our understanding) interpreted and led to an inconsistent UE requirement in terms of the number of DL reference timing for the purpose of UL timing adjustment per TAG. In the big CR circulated after RAN4#109 meeting, the paragraphs lighted in red are added for the feature of multi-DCI based multi-TRP operation with two Tas. Compared to the existing legacy UL timing requirements, the feature just conceptually extends the dual TAG based TA from carrier domain to spatial/cell domain at the same frequency. With this, we believe the existing principle of ‘one DL reference timing for the purpose of UL timing adjustment per TAG’ should be preserved. As can be seen in the table below, the UE UL timing requirements have never differentiated which DL reference signal to use as DL reference timing. The definition of the DL reference timing is only differentiated in a cell domain. It is also true that the legacy requirement does not tie the definition of the DL reference timing to active TCI state or UL/joint TCI state. In other words, the DL reference timing is not mandated to be updated upon TCI state switch. Although UE has to keep track of DL reference timing for the purpose of DL demodulation, CSI measurement, etc., it should not be interpreted as the DL reference timing for the purpose of UL timing adjustment shall be multiple and kept being updated. It is enough that the DL reference timing for the purpose of UL timing adjustment is determined based on the associated coresetPoolIndex in the TRP domain not just cell domain. Note that, otherwise, the number of DL reference timing for UL timing adjustment significantly increases when the feature of ‘multi-DCI based multi-TRP operation with two TAs’ is enabled in multiple carriers in CA mode. 

	[bookmark: _Toc535475927]7.1	UE transmit timing
[bookmark: _Toc535475928]7.1.1	Introduction

The UE shall have capability to follow the frame timing change of the reference cell in connected state or when transmiting PUSCH on CG resources for SDT in RRC_Inactive. 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. 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. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.
In the requirements of clause 7.1.2, the term reference cell on a carrier frequency subject to CCA is not available at the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available during at least one discovery burst transmission window, at the UE due to DL CCA failures at gNB during the last 1280 ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE.
For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place    before the reception of the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) , where   is commanded by the network independently for each TAG [TS 38.331].
7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission, or it is the first transmission sent on the PSCell for activating the deactivated SCG without RACH.
-	when it is the transmission for PUSCH on CG resources for SDT in RRC_Inactive.
When the UL SCS is 120 kHz or smaller, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. When the UL SCS is 480 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 80 ms. When the UL SCS is 960 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 40 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing  is received from the reference cell at the UE antenna. NTA for PRACH is defined as 0.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]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.
For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separetely. The reference point described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
<Skipped>
7.1.2.1	Gradual timing adjustment
Requirements in this section shall apply regardless of whether the reference cell is on a carrier frequency subject to CCA or not. 
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms for SCS of UL signals smaller or equal to 120 kHz and 100 ms for SCS of upling signals larger or equal to 480 kHz.
	where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
For multi-DCI based multi-TRP operation with two TAs, gradual timing adjustment specified in this clause applies for each TAG and shall be met for each TAG. The reference timing described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].



Proposal 1: The number of downlink reference timing for the purpose of uplink transmission timing adjustment is one for each TAG. And the downlink reference timing is defined based on the associated coresetPoolIndex in the TRP domain. Update the requirements as below:
· In 7.1.1,
· From: For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place    before the reception of the first detected path (in time) of the corresponding downlink reference signal associated UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint), where   is commanded by the network independently for each TAG [TS 38.331].
· To: For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place    before the reception of the first detected path (in time) of the corresponding downlink reference signal of the cell with the associated coresetPoolIndex with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint), where   is commanded by the network independently for each TAG [TS 38.331].
· In 7.1.2
· From: For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separetely. The reference point described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
· To: For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separetely. The reference point described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal of the cell with the associated with coresetPoolIndex UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
· In 7.1.2.1
· From: For multi-DCI based multi-TRP operation with two TAs, gradual timing adjustment specified in this clause applies for each TAG and shall be met for each TAG. The reference timing described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
· To: For multi-DCI based multi-TRP operation with two TAs, gradual timing adjustment specified in this clause applies for each TAG and shall be met for each TAG. The reference timing described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal of the cell with the associated with coresetPoolIndex UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
3.	Conclusion
Proposal 1: The number of downlink reference timing for the purpose of uplink transmission timing adjustment is one for each TAG. And the downlink reference timing is defined based on the associated coresetPoolIndex in the TRP domain. Update the requirements as below:
· In 7.1.1,
· From: For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place    before the reception of the first detected path (in time) of the corresponding downlink reference signal associated UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint), where   is commanded by the network independently for each TAG [TS 38.331].
· To: For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place    before the reception of the first detected path (in time) of the corresponding downlink reference signal of the cell with the associated coresetPoolIndex with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint), where   is commanded by the network independently for each TAG [TS 38.331].
· In 7.1.2
· From: For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separetely. The reference point described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
· To: For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separetely. The reference point described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal of the cell with the associated with coresetPoolIndex UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
· In 7.1.2.1
· From: For multi-DCI based multi-TRP operation with two TAs, gradual timing adjustment specified in this clause applies for each TAG and shall be met for each TAG. The reference timing described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
· To: For multi-DCI based multi-TRP operation with two TAs, gradual timing adjustment specified in this clause applies for each TAG and shall be met for each TAG. The reference timing described in this clause for each TAG is the the first detected path (in time) of the corresponding downlink reference signal of the cell with the associated with coresetPoolIndex UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].
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