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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#107 [1] we agreed the following WF:
	…
2. Topic#2 Timing requirements for UL multi-DCI multi-TRP with two TAs
Issue 2-1-1: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
· Agreements
· If UE supports STxMP
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=1.6us and M2=0.5 us

Issue 2-1-2: DL reference timing
· Agreements
· [bookmark: _Toc131949487][bookmark: _Toc135057654]For UL timing requirements, RAN4 to specify requirements to support two downlink reference timings. 
· FFS how to capture it in spec. based on RAN1/RAN2 progress of the definition of TA commands. 

Issue 2-1-3: How to handle overlapping UL transmissions in TDM manner?
· Proposals: 
· Proposal 1: 
· [bookmark: _Toc135057662]Scheduling restrictions can be optimized considering reporting by the UE about RTD, switching time or the number of OFDM symbols that cannot be used for UL transmission.
· [bookmark: _Toc135057663]Scheduling restrictions for UL transmissions do not need to be captured in RAN4 specification. Send LS to RAN1 to cover that instead. 
· Proposal 2: 
· For FR2, RAN4 shall start from assumption that UE is only able to perform TX from one panel at a time.
· Proposal 3: 
· Wait for further RAN1 progress.

Issue 2-1-4: TAG management for multi-TRP with 2 TAs
· Proposals: 
· For multi-DCI based multi-TRP operation with two TAs, when the transmission timing difference between two TAGs exceeds the MTTD value:
· Proposal 1: RAN4 can do some study on TAG management when the 2 UL transmissions exceed the MTTD.
· Proposal 2: Reuse LTE CA solution. UE may stop the UL transmissions for one of the two TAGs for multi-TRP
· Proposal 3: Do not define requirements. It’s up to UE implementation. 
…



In this contribution we discuss Issue 2-1-2: DL reference timing.
2	Discussion
2.1	Existing specification
In legacy specification we have these requirements for initial access in TS 38.133 section 7:
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.
For subsequent adjustments we have:
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 uplink signals larger or equal to 480 kHz.
We observe that the UE use SSB as DL timing reference where 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.
Observation 1: UE use SSB as DL timing reference in existing specification.
Furthermore, the UE maintains this TA by adjusting its DL time reference in case transmission timing error between the UE and the reference timing exceeds Te. It the UE does not get a new NTA value, it will continue to use the same NTA, adjust DL time reference and send [image: ]early.
Observation 2: UE maintains reference timing  [image: ] before the downlink timing of the reference cell.
2.1	Requirements for 3GPP release-18 MIMO Evolution
With regards to Issue 2-1-2: DL reference timing we propose to define DL time reference for release-18 MIMO Evolution in the same way; the UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission.
The 3GPP specification is a minimum requirements specification. It is fine for the UE to track any kind of RS it can find and have allocated resources to track. The wider in frequency and the more often in time these RS appear, the better, but the minimum has to be the SSS and the PSS in the SSB block as defined by PCI for TRP involved.
Proposal 1: The UE is required to track, DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. That means that at least SSB associated to UL TCI state (or joint TCI state) has to be tracked.
Proposal 2: UE maintains reference timing [image: ] before the downlink timing of the reference associated to each activated UL TCI state.
3 	Summary
Observation 1: UE uses SSB as DL timing reference in existing specification.
Observation 2: UE maintains reference timing  [image: ] before the downlink timing of the reference cell.
Proposal 1: The UE is required to track, DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. That means that at least SSB associated to UL TCI state (or joint TCI state) has to be tracked.
Proposal 2: UE maintains reference timing [image: ] before the downlink timing of the reference associated to each activated UL TCI state.
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