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[bookmark: _Toc37231918][bookmark: _Toc51971321][bookmark: _Toc29376029][bookmark: _Toc20387950][bookmark: _Toc185530383][bookmark: _Toc52551304][bookmark: _Hlk55989480][bookmark: _Toc46501973][bookmark: _Toc155991794][bookmark: _Toc185530381]6.12	Multiple Transmit/Receive Point Operation
In Multiple Transmit/Receive Point (multi-TRP) operation, a serving cell can schedule the UE from two TRPs, providing better coverage, reliability and/or data rates for PDSCH, PDCCH, PUSCH, PUCCH, and SRS.
There are two different operation modes to schedule multi-TRP PDSCH transmissions: single-DCI and multi-DCI. For both modes, control of uplink and downlink operation can be done by physical layer and MAC layer, within the configuration provided by the RRC layer. In single-DCI mode, the UE is scheduled by the same DCI for both TRPs and in multi-DCI mode, the UE is scheduled by independent DCIs from each TRP.
There are two different operation modes for multi-TRP PDCCH: PDCCH repetition as in Clause 5.2.3 and Single Frequency Network (SFN) based PDCCH transmission. In both modes, the UE can receive two PDCCH transmissions, one from each TRP, carrying the same DCI. In PDCCH repetition mode, the UE can receive the two PDCCH transmissions carrying the same DCI from two linked search spaces each associated with a different CORESET. In SFN based PDCCH transmission mode, the UE can receive the two PDCCH transmissions carrying the same DCI from a single search space/CORESET using different TCI states.
For multi-TRP PUSCH repetition, according to indications in a single DCI or in a semi-static configured grant provided over RRC, the UE performs PUSCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations. For multi-TRP PUCCH repetition, the UE performs PUCCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations.
For inter-cell multi-TRP operation, for multi-DCI PDSCH transmission, one or more TCI states can be associated with SSB with a PCI different from the serving cell PCI. The activated TCI states can be associated with at most one PCI different from the serving cell PCI at a time.
For inter-cell and intra-cell multi-DCI multi-TRP operation, up to two TAGs with associated TAG IDs can be configured per serving cell. Each UL/Joint TCI state is associated with a TAG ID and the UE applies the timing advance of the TAG ID associated with the UL/joint TCI state utilized for UL transmission. For inter-cell without multi-DCI multi-TRP operation and intra-cell without multi-DCI multi-TRP operation, up to two TAGs can be configured in the serving cell, and each UL/Joint TCI state for PUSCH, PUCCH, and SRS transmission can be associated with any one of the two TAGs.
For single-DCI multi-TRP Simultaneous Transmission with Multi-Panel (STxMP) Spatial Domain Multiplexing (SDM) PUSCH transmission, different layers of one PUSCH are separately transmitted towards two TRPs. For single-DCI multi-TRP STxMP SFN PUSCH transmission, same layers of one PUSCH are transmitted towards two TRPs. For multi-DCI based multi-TRP STxMP PUSCH+PUSCH transmission, two PUSCHs are transmitted towards two TRPs. For single-DCI multi-TRP STxMP SFN PUCCH transmission, one PUCCH is transmitted towards two TRPs.
For inter-TRP delay, frequency, and phase calibration for coherent joint transmission (CJT), CSI-RS per TRP is transmitted and the UE measures the CSI-RS(s) and estimates the reporting quantity including inter-TRP delay offset(s), frequency offset(s), and phase offset(s). A CSI report associated with the reporting quantity is carried on a PUSCH.
[bookmark: _Toc52551300][bookmark: _Toc46501969][bookmark: _Toc37231914][bookmark: _Toc185530378][bookmark: _Toc51971317]6.12.1	Asymmetric DL single-TRP and UL multi-TRP
For asymmetric DL single-TRP and UL multi-TRP operation, the UL TRP may reduce or even disable DL transmission. Pathloss offsets between two TRPs can be configured by RRC and dynamically updated by Pathloss Offset Update MAC CE, which is defined in 3GPP TS 38.321[6]. Each pathloss offset is explicitly indicated for the corresponding UL/Joint TCI state for PUSCH, PUCCH, and SRS transmission  toward the UL TRP. The pathloss offset can also be indicated by a PDCCH order for a PDCCH order triggered PRACH toward the UL TRP, thereby facilitating pathloss calculation. In addition, up to two closed loop power control adjustment states, one for the DL TRP and the other for UL TRP, can be supported for SRS separated from those used for PUSCH.	Comment by Samsung: Extra space should be removed.
Editor’s Note: for UL TRP, we will follow the agreement that refer to RAN1 spec. After reviewing the RAN1 38.213 v19.1.0 and 38.214 v19.1.0 specification, no content has been identified that could explain downlink transmission of UL TRP or UL TCI state. Further modifications to this part can be made based follow the email discussions.	Comment by Samsung: Editor note should be removed. 

The current text looks fine, which is the outcome after RAN1 discussion and RAN2 refinement. 

“UL TRP” should be already clear by the explanation in the first sentence “For asymmetric DL single-TRP and UL multi-TRP operation, the UL TRP may reduce or even disable DL transmission.” 

There is no need to refer to RAN1 spec if RAN1 spec has no further detailed definition.
	Comment by CATT: This is the RAN1 agreement:
Agreement
The answer to the Question 1 in LS R1-2409353 is:
From the perspective of UE: if UE is configured with PL offset in joint/UL TCI state(s), UE does not expect to receive SSB from UL TRP(s), else, UE may expect to receive SSB from UL TRP(s).
I am not sure whether RAN1 needs to capture something to which we can refer, because this is under RAN1 domain. However, the current wording “the UL TRP may reduce or even disable DL transmission” is also fine to me, without further detailed clarification. OK to follow majority view.
	End of changes



