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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Unified TCI framework for single TRP scenario has been specified in NR Rel-17. In Rel-18, unified TCI framework is being discussed to support multi-TRP operation.
In RAN1#111, the following agreements were reached[1]:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.
Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design
Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
Agreement
On unified TCI framework extension, PDSCH-CJT is supported as a S-DCI based MTRP scheme
Note: Above does not preclude discussions specific to PDSCH-CJT design in the unified TCI framework


Agreement
On unified TCI framework extension, down-select at least one of the following alternatives for PDSCH-CJT applying both indicated joint TCI states (if the UE supports two indicated joint/DL states for PDSCH-CJT):
· Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB
Agreement (modified as shown in Nov17th session)
On unified TCI framework extension for S-DCI based MTRP, use Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2.
Agreement
On unified TCI framework extension for M-DCI based MTRP, the same configuration/rule used in Rel-17 unified TCI framework (for determining whether the UE shall apply the indicated joint/DL TCI state to PDCCH on a CORESET and respective PDSCH) is reused to determine whether the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET associated with the same coresetPoolIndex value and PDSCH scheduled/activated by the PDCCH.
Agreement
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value.
Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· FFS: Detail design of the new indicator field




In this contribution, we provide our understanding on the scope of enhancing the Rel-17 unified TCI framework to support multi-TRP DL and UL operation as well as simultaneous multi-panel UL transmission,  and UL power control aspects for multi-panel/TRP based UL transmission. 
Discussion
Issue 1: TCI state update and activation
Both intra-cell and inter-cell multi-TRP shall be supported with unified TCI framework. The principle specified for inter-cell multi-TRP with Rel-15/16 TCI framework in Rel-17 can be extended with unified TCI framework. For example, CORESETs corresponding to different coresetPoolIndex values can be associated with different PCIs, where CORESETs corresponding to one coresetPoolIndex value is associated with the serving cell PCI and CORESETs corresponding to another coresetPoolIndex value can be associated with a PCI different from the serving cell PCI when SSB-MTC-AdditionalPCI is configured for the UE.
Proposal 1 [bookmark: _Toc127434604][bookmark: _Toc127448120]When two joint/DL TCI states are indicated for the UE in M-DCI MTRP, one joint/DL TCI state can be associated with the serving PCI while the other joint/DL TCI state can be associated with an additional PCI.
Issue 2: How to inform UE which indicated TCI state(s) that UE shall apply to target channel/signal
For S-DCI based MTRP
In Rel-16, different single-DCI based multi-TRP schemes including scheme 1a(NCJT), scheme 2a(FDM Scheme A), scheme 2b(FDM Scheme B), scheme 3 and scheme 4 were specified with two indicated TCI states. SFN based PDSCH scheme was further specified in Rel-17 for HST scenario. Dynamic switching between different schemes by DCI as well as RRC signaling was also supported. For example, single-TRP scheme and multi-TRP scheme can be dynamically switched by indicated one or two TCI state in the scheduling DCI. 
With unified TCI framework, two joint or DL TCI states can be indicated for a BWP of a serving cell, one or two of the indicated two TCI states can be used for a PDSCH transmission with a specific transmission scheme. For each mTRP PDSCH schemes, the mapping between the indicated DL TCI states and the scheduled PDSCH transmissions can be determined as that in Rel-16. For example, when NCJT based PDSCH is scheduled, the first DL TCI state applies to the DMRS ports of the one CDM group and the second DL TCI state applies to the DMRS within another CDM group. When two PDSCH transmissions are scheduled with FDM scheme B, the first DL TCI state applies to the PDSCH transmission with the first PRB set and the second DL TCI state applies to the PDSCH transmission with the second PRB set.
Proposal 2 [bookmark: _Toc111041228][bookmark: _Toc111108566][bookmark: _Toc115256328][bookmark: _Toc115357442][bookmark: _Toc118298436][bookmark: _Toc118451674][bookmark: _Toc127434605][bookmark: _Toc127448121]To Support single DCI based multi-TRP PDSCH transmission, two joint/DL TCI states shall be indicated for a BWP of a serving cell. Rel-16 schemes can be reused to map each of the two joint/DL TCI statesto each PDSCH transmission occasion.
It was agreed to introduce a new field to indicate which one or both indicated joint/DL TCI states are applied to the PDSCH reception, but the detail is FFS. Similar with SRS resource set indicator field specified for DCI format 0_1/0_2, the following field values can be considered:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the new field, the UE shall apply the 1st indicated joint/DL TCI state to the scheduled/activated PDSCH reception
· If the DCI format 1_1/1_2 indicates codepoint "01" for the new field, the UE shall apply the 2nd indicated joint/DL TCI state to the scheduled/activated PDSCH reception
· If the DCI format 1_1/1_2 indicates codepoint "10" for the new field, the UE shall apply the 1st and the 2nd indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the DCI format 1_1/1_2 indicates codepoint "11" for the new field, the UE shall apply the 2nd and the 1st indicated joint/DL TCI states to the scheduled/activated PDSCH reception
Proposal 3 [bookmark: _Toc127434606][bookmark: _Toc127448122]Consider the following new field interpretation
· If the DCI format 1_1/1_2 indicates codepoint "00" for the new field, the UE shall apply the 1st indicated joint/DL TCI state to the scheduled/activated PDSCH reception
· If the DCI format 1_1/1_2 indicates codepoint "01" for the new field, the UE shall apply the 2nd indicated joint/DL TCI state to the scheduled/activated PDSCH reception
· If the DCI format 1_1/1_2 indicates codepoint "10" for the new field, the UE shall apply the 1st and the 2nd indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the DCI format 1_1/1_2 indicates codepoint "11" for the new field, the UE shall apply the 2nd and the 1st indicated joint/DL TCI states to the scheduled/activated PDSCH reception
Single-DCI multi-TRP based PUSCH/PUCCH repetition in time domain was specified in Rel-17. All those schemes shall be supported with unified TCI framework in Rel-18 with two indicated UL TCI states. To support single-DCI based multi-TRP PUSCH transmission, two UL(or joint) TCI state should be indicated for the BWP of a serving cell. For the association between each PUSCH transmission and the two UL(or joint) TCI state, the following alternatives were provided in RAN1#110bis for down-selection
· Alt1: Use an indicator field in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2. We can either reuse an existing field or introduce a new field in the DCI.
· Alt2: PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
To dynamically switch between sTRP and mTRP based PUSCH, SRS resource set indicator field is preferred be used to determine the whether to use one or two TCI states for each PUSCH transmission. When two TCI states are associated with the scheduled PUSCH transmissions, SRS resource set indicator field can also further indicate associated TCI state for each PUSCH transmission with new  SRS resource set indicator field interpretation. Therefore, we support to use SRS resource set indicator field in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2.
Proposal 4 [bookmark: _Toc111041231][bookmark: _Toc111108569][bookmark: _Toc115256331][bookmark: _Toc115357445][bookmark: _Toc118298438][bookmark: _Toc118451676][bookmark: _Toc127434607][bookmark: _Toc127448123]For single-DCI based multi-TRP PUSCH transmission, use SRS resource set indicator field in the scheduling DCI with format 0_1/0_2 to dynamically switch between sTRP and mTRP PUSCH transmission.

S-DCI based CJT PDSCH
Another scenario is CJT with unified TCI framework. As stated in WID, CJT in Rel-18 shall focus on FR1 operation, so the required QCL parameters only include Doppler shift, Doppler spread, average delay and delay spread. Different from PDSCH schemes specified in Rel-17, each DMRS port of CJT PDSCH is transmitted by multiple TRPs. Ideally, each TRP used for CJT PDSCH transmission should has its own TCI state to provide the QCL parameters for DMRS ports(s) transmitted by its antennas. However, it will lead higher UE complexity for DMRS receiving with multiple TCI states. In RAN1#110bis, it was agreed up to 2 joint TCI state can be indicated and applied to CJT PDSCH reception. When a single joint TCI state is indicated, it shall be used for all PDSCH reception from all the TRPs. When two joint TCI states are indicated, how to apply the TCI state for the PDSCH reception depends on whether the Doppler shift is pre-compensated by the TRP like SFNschemeB. When TRP pre-compensation is implemented, it should be informed to the UE to drop some QCL parameters from one of the indicated TCI state. When the Doppler shift is not pre-compensated by the TRP, all the QCL parameters of each TCI state should be used for the DMRS reception. This information can be configured for the UE by RRC like the SFN scheme configuration in Rel-17. 
Proposal 5 [bookmark: _Toc118298440][bookmark: _Toc118451678][bookmark: _Toc127434608][bookmark: _Toc127448124]NW indicates in RRC whether Doppler shift pre-compensation is implemented by the TRP. When Doppler shift is pre-compensated by the TRP and two TCI states are indicated, the Doppler shift and the Doppler spread of the second indicated joint/DL TCI state shall be dropped. 

M-DCI based MTRP
In RAN1#110bis, per coresetPoolIndex beam indication mechanism by DCI format 1_1/1_2 has been agreed. For DL, the UE shall apply the indicated joint/DL TCI state specified to a  coresetPoolIndex value to PDCCH on a CORESET that is associated with the same coresetPoolIndex value and the PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value. In Rel-17, aperiodic CSI-RS can be indicated by RRC signaling to follow the indicated TCI state. The same mechanism can also be adopted for MTRP scenario. The AP CSI-RS can be indicated to following the indicated TCI state specified to the coresetPoolIndex associated with the triggering DCI.
Proposal 6 [bookmark: _Toc118298441][bookmark: _Toc118451679][bookmark: _Toc127434609][bookmark: _Toc127448125]For M-DCI based MTRP, aperiodic CSI-RS can be indicated to follow the indicated joint/DL TCI state activated specifically to the CORESETPoolIndex associated with the triggering DCI.
For UL transmission, similar mechanism can be adopted. At least for type 2 CG PUSCH and DG PUSCH as well as aperiodic SRS, the UE can determine a joint/UL TCI state according to the corestPoolIndex associated with the activation and triggering DCI. For the TCI state determination for PUCCH transmission, each PUCCH resource can be associated with a corestPoolIndex, which has been agreed in NR Rel-16 but not specified in the spec. For type 1 CG PUSCH, each CG PUSCH can be associated with a corestPoolIndex to determine the applied joint/UL TCI state.
Proposal 7 [bookmark: _Toc118298442][bookmark: _Toc118451680][bookmark: _Toc127434610][bookmark: _Toc127448126]On unified TCI framework extension for M-DCI based MTRP
· [bookmark: _Toc118298443][bookmark: _Toc118451681][bookmark: _Toc127434611][bookmark: _Toc127448127][bookmark: _Hlk118292091]The UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· [bookmark: _Toc118298444][bookmark: _Toc118451682][bookmark: _Toc127434612][bookmark: _Toc127448128]Each type 1 CG PUSCH is configured with a corestPoolIndex to determine the applied joint/UL TCI state.
In RAN1#111, it was agreed each SRS resource set is associated with a coresetPoolIndex as ‘The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1’. With this association, when the SRS resource set is configured to follow the indicated unified TCI state, the joint/UL TCI state associated with one coresetPoolIndex shall be applied to the corresponding SRS resource set for CB/nCB.
Proposal 8 [bookmark: _Toc118298445][bookmark: _Toc118451683][bookmark: _Toc127434613][bookmark: _Toc127448129]For M-DCI based MTRP, when the SRS resource sets are configured to follow the indicated TCI state, the joint/UL TCI state associated with coresetPoolIndex=0 is applied to the first SRS resource set and the joint/UL TCI state associated with coresetPoolIndex=1 is applied to the second SRS resource set.

Issue 3: Power control for single DCI UL transmission
Power control for single-DCI UL transmission need to support both single-panel and multi-panel transmission. Rel-17 already supports associating PUSCH with two sets of power control parameters to support TRP-specific power control. In Rel-18 with unified TCI framework, each joint TCI state or UL TCI state is associated with a PL-RS and a UL PC parameter setting for PUSCH/PUCCH/SRS(including P0, alpha for PUSCH , and closed loop index). TRP-specific power control can be straightforwardly supported by applying the power control parameters associated with each joint TCI or UL TCI for each UL channel.
Transmitting with two or more panels simultaneously poses additional challenges, including determining the transmission power with one or two or three PCMAX values,  and coupling of the two transmission powers subject to different hardware architectures. Additionally, computation of power head room with one or two PHR values, and MPR for multi-panel UE, are all issues need to be studies. For example, two PCMAX should be at least configured for each panel to determine the maximum output power for each panel when only one panel is used for UL transmission in a time instance. When STxMP UL transmission is scheduled, additional PCMAX, i.e., a 3rd PCMAX, may be need for the UE to determine the maximum output power of the UE by simultaneously using both panels for UL transmission.
Proposal 9 [bookmark: _Toc111041254][bookmark: _Toc111108592][bookmark: _Toc115256354][bookmark: _Toc115357468][bookmark: _Toc118298446][bookmark: _Toc118451684][bookmark: _Toc127434614][bookmark: _Toc127448130]Study power control with one or two one or two or three PCMAX values.
Proposal 10 [bookmark: _Toc111041255][bookmark: _Toc111108593][bookmark: _Toc115256355][bookmark: _Toc115357469][bookmark: _Toc118298447][bookmark: _Toc118451685][bookmark: _Toc127434615][bookmark: _Toc127448131]Study per-panel PHR report for multi-panel UE supporting STxMP.
Proposal 11 [bookmark: _Toc111041256][bookmark: _Toc111108594][bookmark: _Toc115256356][bookmark: _Toc115357470][bookmark: _Toc118298448][bookmark: _Toc118451686][bookmark: _Toc127434616][bookmark: _Toc127448132]Study MPR reporting for multi-panel UE supporting STxMP.

Issue 4: Multi-panel simultaneous UL transmission
To support STxMP UL transmission, we first need to determine how many total panels to support, how many of them can be activated at the same time, and how many can transmit simultaneously. We suggest to support up to 4 UE panels with at least 2 panels are active, and at most two active panels can transmit simultaneously. Also needs to be determined is how many TRPs are the targets or potential targets of the UL transmission. Considering the flexibility of network deployment, the number of candidate TRPs can be from 2 to 4, where they can be from the same or different serving cells. Each TRP shall transmit its own CSI-RS resources for UE measurement. Only with these scenario clarified it is possible to determine the number of SRS resources or resource sets needed, the number of CSI-RS resources needed, and the CSI report required for panel and beam selection. In the UL, SRS need to be enhanced to support multi-panel UE (panel switching or multi-panel simultaneous transmission). Different UE active panels which can be used for UL transmission can be configured with different SRS resource sets, and the number of configured SRS resource sets for CB or NCB may depend on the number of UE active panels supported. In Rel-17 since only one panel can transmit at any time, a panel capability (number of SRS ports supported) is used to represent a distinct panel. When more than one panel can transmit at the same time, and when these panels have identical hardware configurations (thus same number of SRS ports), a new way to identify a UE panel may be needed. 
Proposal 12 [bookmark: _Toc111041237][bookmark: _Toc111108575][bookmark: _Toc115256337][bookmark: _Toc115357451][bookmark: _Toc118298449][bookmark: _Toc118451687][bookmark: _Toc127434617][bookmark: _Toc127448133]Study method to identify UE panel for multi-panel simultaneous transmission.
Since the WID clearly say to support STxMP UL transmission in FR2, one issue is how to ensure the two indicated UL TCI states for STxMP UL transmission are associated with two different activated panels  and can be simultaneously transmitted by the UE. This issue can be discussed together with the UE panel related issues. For example, association between each UL TCI state and each UE panel may need to be established. When the NW and the UE have the same understanding on the UE’s activated panels for STxMP transmission, two UL TCI states associated with two activated panels which are used for STxMP transmission can be indicated by the unified TCI framework.
Proposal 13 [bookmark: _Toc111041238][bookmark: _Toc111108576][bookmark: _Toc115256338][bookmark: _Toc115357452][bookmark: _Toc118298450][bookmark: _Toc118451688][bookmark: _Toc127434618][bookmark: _Toc127448134]Further enhancement on the multi-beam operation is needed to ensure the two indicated UL TCI states are associated with two different UE panels and can be simultaneously transmitted by the UE.

Conclusion
In this contribution, we provide the following proposals:
Proposal 1	When two joint/DL TCI states are indicated for the UE in M-DCI MTRP, one joint/DL TCI state can be associated with the serving PCI while the other joint/DL TCI state can be associated with an additional PCI.
Proposal 2	To Support single DCI based multi-TRP PDSCH transmission, two joint/DL TCI states shall be indicated for a BWP of a serving cell. Rel-16 schemes can be reused to map each of the two joint/DL TCI states to each PDSCH transmission occasion.
Proposal 3	Consider the following new field interpretation
Proposal 4	For single-DCI based multi-TRP PUSCH transmission, use SRS resource set indicator field in the scheduling DCI with format 0_1/0_2 to dynamically switch between sTRP and mTRP PUSCH transmission.
Proposal 5	NW indicates in RRC whether Doppler shift pre-compensation is implemented by the TRP. When Doppler shift is pre-compensated by the TRP and two joint/DL TCI states are indicated, the Doppler shift and the Doppler spread of the second indicated joint/DL TCI state shall be dropped.
Proposal 6	For M-DCI based MTRP, aperiodic CSI-RS can be indicated to follow the indicated TCI state activated specifically to the CORESETPoolIndex associated with the triggering DCI.
Proposal 7	On unified TCI framework extension for M-DCI based MTRP
· 	The UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· 	Each type 1 CG PUSCH is configured with a corestPoolIndex to determine the applied joint/UL TCI state.
Proposal 8	For M-DCI based MTRP, when the SRS resource sets are configured to follow the indicated TCI state, the joint/UL TCI state associated with coresetPoolIndex=0 is applied to the first SRS resource set and the joint/UL TCI state associated with coresetPoolIndex=1 is applied to the second SRS resource set.
Proposal 9	Study power control with one or two one or two or three PCMAX values.
Proposal 10	Study per-panel PHR report for multi-panel UE supporting STxMP.
Proposal 11	Study MPR reporting for multi-panel UE supporting STxMP.
Proposal 12	Study method to identify UE panel for multi-panel simultaneous transmission.
Proposal 13	Further enhancement on the multi-beam operation is needed to ensure the two indicated UL TCI states are associated with two different UE panels and can be simultaneously transmitted by the UE.
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