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Background

In Rel-18, extensions of the Rel-17 unified transmission configuration indication (TCI) framework to multi-TRP (MTRP) operation (a.k.a. Rel-18 eUTCI) were specified, including the following design aspects.
· [bookmark: _GoBack]Applicable MTRP schemes: as a baseline, all of MTRP schemes specified in previous releases are considered, including PDSCH transmission schemes 1a/2a/2b/3/4 specified in Rel-16, MDCI based PDSCH transmission scheme specified in Rel-16, PDCCH/PUCCH/PUSCH repetition schemes specified in Rel-17 and HST-SFN specified in Rel-17. 
· TCI state(s) signaling enhancements for MTRP operation: TCI codepoint(s) mapping for both SDCI and MDCI, indication of TCI state(s) from one or both TRPs, and etc. 
· Association between indicated TCI state(s) and various channels/signals for MTRP operation: TCI selection field in DCI 1_1/1_2 for PDSCH reception(s), (dynamic) switching between STRP/MTRP for various channels/signals, “default” beam(s) behaviors for SDCI and MDCI, and etc.
· Other applications/design aspects: MTRP BFR under the unified TCI framework, uplink power control for STxMP and etc.
In RAN1#114 [1], this work item was complete. There are, however, still a few remaining maintenance issues, which will be discussed and addressed in this contribution.  

Discussions on remaining maintenance issues
QCL assumptions for single-PDSCH reception(s) with two indicated TCI states

In legacy, the UE can apply two indicated TCI states to receive the HST-SFN PDCCH (with sfnSchemePdcch set to ‘sfnSchemeA’) or PDCCH repetitions from both TRPs, and a single TCI state to receive the PDSCH scheduled by the PDCCH from a single TRP (e.g., when sfnSchemePdsch or PDSCH repetition is not configured). In Rel-18, it has been agreed that when the TCI selection field is not configured to be present in DCI format 1_1/1_2, the UE would apply both indicated TCI states for PDSCH reception(s). Hence, when two TCI states are indicated with the TCI selection field absent in the corresponding DCI format 1_1/1_2, UE’s QCL assumption(s) of receiving the PDSCH from a single TRP may need to be specified. We note that in UE features’ discussions, the UE can report its capability of supporting the TCI selection field configured to be present in the DCI format 1_1/1_2. Hence, only when a UE is capable of supporting the TCI selection field (configured to be present in the corresponding DCI format(s)), the UE can be configured with single-TRP PDSCH reception with two indicated TCI states.

Proposal 1: Only when the TCI selection field is configured to be present in DCI format 1_1/1_2, the UE can be configured with single-TRP reception with two indicated TCI states (e.g., when sfnSchemePdcch is set to ‘sfnSchemeA’ and sfnSchemePdsch is not configured, and/or when PDCCH repetition is configured and PDSCH repetition is not configured).

QCL assumptions for PDSCH reception(s) in inter-cell MDCI

The following agreement made in RAN1 #114bis specifies default QCL assumption(s) for PDSCH reception(s) – when the scheduling offset is less than a threshold – in a MDCI MTRP system.Agreement from RAN1 #114bis [2] 
On unified TCI framework extension for M-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying a scheduling DCI and the first symbol of the scheduled PDSCH is smaller than a threshold:
· If the UE doesn’t support the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2:
· The UE shall apply the indicated joint/DL TCI state specific to coresetPoolIndex value 0 to the scheduled PDSCH reception
· The UE doesn’t expect to be scheduled with PDSCH with scheduling offset less than a threshold of the PDSCH if scheduled by a CORESET associated with coresetPoolIndex value 1 
· Note: If the UE supports the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2, UE can use both indicated joint/DL TCI states to buffer the received signal before a threshold.



It has also been agreed in RAN1 that activated TCI state(s) specific to a coresetPoolIndex value for MDCI based MTRP can be associated with the serving cell PCI or a PCI other than the serving cell PCI. Hence, the above UE behaviors can be applied to inter-cell multi-TRP as well when the UE is configured with SSB-MTC-AdditionalPCI. A simple extension would be to allow coresetPoolIndex value 0 associated to the serving cell PCI – this would also comply with the fact that non-UE-dedicated channels can only be received from the serving cell PCI.

Proposal 2: Apply the default QCL assumption(s) for PDSCH reception(s) in MDCI based MTRP to inter-cell MDCI based MTRP with coresetPoolIndex 0 associated to the serving cell PCI.

QCL assumptions for PDSCH reception(s) in SDCI

For intra-cell MTRP transmission, when the scheduling offset is smaller than timeDurationForQCL, the Rel-15/16 like “default” beam(s) for PDSCH reception would not be needed as the UE can always use the indicated TCI states for both UE-dedicated/non-UE-dedicated PDSCH receptions. However, the beam(s)/TCI state(s) used before and after the threshold timeDurationForQCL could be different when the [TCI selection field] is present in DCI format 1_1/1_2 to enable dynamic TRP(s) selection/switching. Allowing gNB the flexibility of dynamic switching between single and MTRP transmissions, it may become necessary to restrict the maximum rank of transmission per single TRP transmission before the threshold timeDurationForQCL to avoid application of the wrong beam(s) for reception of some layers of PDSCH(s). That is, the maximum rank of transmission per single TRP transmission may need to be restricted to the half of the maximum rank that UE supports for MTRP transmission (as reported in maxNumberMIMO-LayersPDSCH).

Proposal 3: For S-DCI based intra-cell MTRP transmission with [TCI selection field] present, when the scheduling offset is smaller than timeDurationForQCL threshold, the maximum rank of transmission per single TRP before timeDurationForQCL needs to be restricted to the half of the maximum rank that UE supports for MTRP transmission.5.1.5	Antenna ports quasi co-location 
<Unchanged parts are omitted>

-    When the UE is configured with tciSelection-PresentInDCI jointly for both DCI formats 1_1 and 1_2 in the same DL BWP, and when the UE receives a DCI format 1_1/1_2 that schedules or activates PDSCH reception, the UE shall determine the indicated joint/DL TCI state(s) for the PDSCH reception according to the following:
-   If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or activated by the DCI format 1_1/1_2.
-   If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or activated by the DCI format 1_1/1_2.
-   If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled or activated by the DCI format 1_1/1_2.
-   If the scheduling offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than [timeDurationForQCL], the maximum rank of PDSCH scheduled per each indicated joint/DL TCI state before [timeDurationForQCL] is restricted to the half of the value reported in maxNumberMIMO-LayersPDSCH.

<Unchanged parts are omitted>


QCL assumptions for CSI-RS reception(s) in CJT

It has been agreed in Rel-18 eUTCI (in RAN1#110bis-e) that up to 2 joint TCI states can be indicated by MAC CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode. Furthermore, up to 4 CSI-RSs used as CMRs – including P/SP/AP CSI-RS(s) – can be configured/triggered for Rel-18 Type-II CJT operation. With MAC CE/DCI based dynamic beam indication, there may exist a QCL mismatch issue for CSI-RS reception(s) in CJT because under the current unified TCI framework, P/SP CSI-RS(s) would not follow the indicated TCI state(s) – their QCL assumption(s) is RRC configured. To address this mismatch issue, the P/SP CSI-RS(s) can also follow the indicated TCI state(s), and to avoid excessive overhead of individually updating QCL assumptions for UE-specific P/SP CSI-RS(s), UE group common signaling (along with a similar RRC configuration to that for AP CSI-RS) can be used to indicate the first or the second TCI state for receiving the P/SP CSI-RS(s). Based on the above analysis, we provide the following proposal.
Proposal 4: On unified TCI framework extension for CJT, support:
· P/SP CSI-RS(s) to follow the indicated TCI state(s)
· UE-group common DCI to update TCI state(s)/QCL assumption(s) for the P/SP CSI-RS(s)

TPs for TS 38.212 – Antenna port(s) in DCI format 1_1/1_2

We propose the following TPs for TS 38.212 to properly reveal/capture the relevant Rel-18 eUTCI agreement(s)/feature(s):

 
7.3.1.2.3	Format 1_2 
<Unchanged parts are omitted>

-	Antenna port(s) – 0, 4, 5, 6, 7 or 8 bits 
-	0 bit if higher layer parameter antennaPortsFieldPresenceDCI-1-2 is not configured;
[bookmark: OLE_LINK24]-	Otherwise 4, 5, 6, 7 or 8 bits as defined by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 and Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 or Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A. When a UE not configured with dl-OrJointTCI-StateList receives an activation command that maps at least one codepoint of DCI field 'Transmission Configuration Indication' to two TCI states, or when a UE configured with dl-OrJointTCI-StateList and having two indicated TCI states is determined to apply one or two indicated TCI states to PDSCH, the UE shall use Table 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A; otherwise, it shall use Tables 7.3.1.2.2-1/2/3/4/7/8/9/10.
<Unchanged parts are omitted>
7.3.1.2.2	Format 1_1 
<Unchanged parts are omitted>


-	Antenna port(s) – 4, 5, 6, 7 or 8 bits as defined by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 and Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports  shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 or Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A. When a UE not configured with dl-OrJointTCI-StateList receives an activation command that maps at least one codepoint of DCI field 'Transmission Configuration Indication' to two TCI states, or when a UE configured with dl-OrJointTCI-StateList and having two indicated TCI states is determined to apply one or two indicated TCI states to PDSCH, the UE shall use Table 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A; otherwise, it shall use Tables 7.3.1.2.2-1/2/3/4/7/8/9/10. The UE can receive an entry with DMRS ports equals to 1000, 1002, 1003 when the UE is not configured with dl-OrJointTCI-StateList and two TCI states are indicated in a codepoint of DCI field 'Transmission Configuration Indication', or when the UE configured with dl-OrJointTCI-StateList and having two indicated TCI states is determined to apply both indicated TCI states to PDSCH.

<Unchanged parts are omitted>


Power control for STxMP

In previous two meetings, RAN1 discussed whether notation of UE panel should be added on the current power control equation: 
	
  [dBm]
where,
-  corresponds to the first and second indicated TCI-State or TCI-UL-State, respectively, if the UE is provided multipanelScheme




But as our observation, RAN1 did not make any agreement for UE panel specific configuration or management of power control parameters. In other words, there is no differentiation for each configured UL PC parameters which value is for each of UE panel. 

Observation 1: RAN1 haven’t consider UE panel specific configuration of UL PC parameters 
· ,  , nor  exit

In addition, when STxMP is scheduled, UE is indicated with two separated TCI index value each associated to j, qd, l values. UE does not have any uncertainty which of j, qd, l value to be applied for each of UL transmission or each of UE panel. Since two of UE configured maximum power is associated to each of indicated TCI state, UE neither has uncertainty how to define UL peak power for each of simultaneous UL transmission.

Observation 2: Without the parameter ‘t’ above, UE does not have any uncertainty how to perform UL power control 

So as our natural conclusion, we don’t need a modification proposed by text proposal above. 

Proposal 5: Panel specific parameter is not required in UL PC equation 

BFR under Rel-18 eUTCI framework

If TRP-specific BFR is supported under the Rel-18 eUTCI framework (e.g., with two indicated TCIs for S-DCI), after NW response to a BFR request for a BFD RS set (assuming that the serving cell is associated with two BFD RS sets for the TRP-specific BFR), the UE can update or reset the TX/RX beam(s) for all relevant channel(s)/signal(s) specific to the BFD RS set to a new beam corresponding to the same BFD RS set. However, in UE features discussions, it has been agreed that the TRP-specific BFR under the Rel-18 eUTCI framework is optionally supported by a UE. Hence, if the TRP-specific BFR is not supported under the Rel-18 eUTCI framework, at least the corresponding beam(s) resetting assumptions after NW response to a BFR request need to be clarified. For this case, it is natural to allow the UE to update or reset the TX/RX beam(s) for all relevant channel(s)/signal(s) to a single common beam (analogous to Rel-17 STRP beam resetting under the Rel-17 unified TCI framework), but such behaviors are not fully supported by the specifications.     

Proposal 6: If the TRP-specific BFR is not supported under the Rel-18 eUTCI framework with two indicated TCIs, after NW response to a beam failure request, support to update beam(s) for all relevant channels/signals to a single common beam.

Conclusions 
In this contribution, we provide the following proposals to reveal our views on some remaining maintenance issues for Rel-18 eUTCI:

Proposal 1: Only when the TCI selection field is configured to be present in DCI format 1_1/1_2, the UE can be configured with single-TRP reception with two indicated TCI states (e.g., when sfnSchemePdcch is set to ‘sfnSchemeA’ and sfnSchemePdsch is not configured, and/or when PDCCH repetition is configured and PDSCH repetition is not configured).

Proposal 2: Apply the default QCL assumption(s) for PDSCH reception(s) in MDCI based MTRP to inter-cell MDCI based MTRP with coresetPoolIndex 0 associated to the serving cell PCI.




Proposal 3: For S-DCI based intra-cell MTRP transmission with [TCI selection field] present, when the scheduling offset is smaller than timeDurationForQCL threshold, the maximum rank of transmission per single TRP before timeDurationForQCL needs to be restricted to the half of the maximum rank that UE supports for MTRP transmission.
5.1.5	Antenna ports quasi co-location 
<Unchanged parts are omitted>

-    When the UE is configured with tciSelection-PresentInDCI jointly for both DCI formats 1_1 and 1_2 in the same DL BWP, and when the UE receives a DCI format 1_1/1_2 that schedules or activates PDSCH reception, the UE shall determine the indicated joint/DL TCI state(s) for the PDSCH reception according to the following:
-   If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or activated by the DCI format 1_1/1_2.
-   If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or activated by the DCI format 1_1/1_2.
-   If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled or activated by the DCI format 1_1/1_2.
-   If the scheduling offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than [timeDurationForQCL], the maximum rank of PDSCH scheduled per each indicated joint/DL TCI state before [timeDurationForQCL] is restricted to the half of the value reported in maxNumberMIMO-LayersPDSCH.

<Unchanged parts are omitted>


Proposal 4: On unified TCI framework extension for CJT, support:
· P/SP CSI-RS(s) to follow the indicated TCI state(s)
· UE-group common DCI to update TCI state(s)/QCL assumption(s) for the P/SP CSI-RS(s)





















TPs for 38.212: 
7.3.1.2.3	Format 1_2 
<Unchanged parts are omitted>

-	Antenna port(s) – 0, 4, 5, 6, 7 or 8 bits 
-	0 bit if higher layer parameter antennaPortsFieldPresenceDCI-1-2 is not configured;
-	Otherwise 4, 5, 6, 7 or 8 bits as defined by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 and Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 or Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A. When a UE not configured with dl-OrJointTCI-StateList receives an activation command that maps at least one codepoint of DCI field 'Transmission Configuration Indication' to two TCI states, or when a UE configured with dl-OrJointTCI-StateList and having two indicated TCI states is determined to apply one or two indicated TCI states to PDSCH, the UE shall use Table 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A; otherwise, it shall use Tables 7.3.1.2.2-1/2/3/4/7/8/9/10.
<Unchanged parts are omitted>
7.3.1.2.2	Format 1_1 
<Unchanged parts are omitted>


-	Antenna port(s) – 4, 5, 6, 7 or 8 bits as defined by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 and Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports  shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4/7/8/9/10 or Tables 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A. When a UE not configured with dl-OrJointTCI-StateList receives an activation command that maps at least one codepoint of DCI field 'Transmission Configuration Indication' to two TCI states, or when a UE configured with dl-OrJointTCI-StateList and having two indicated TCI states is determined to apply one or two indicated TCI states to PDSCH, the UE shall use Table 7.3.1.2.2-1A/2A/3A/4A/7A/8A/9A/10A; otherwise, it shall use Tables 7.3.1.2.2-1/2/3/4/7/8/9/10. The UE can receive an entry with DMRS ports equals to 1000, 1002, 1003 when the UE is not configured with dl-OrJointTCI-StateList and two TCI states are indicated in a codepoint of DCI field 'Transmission Configuration Indication', or when the UE configured with dl-OrJointTCI-StateList and having two indicated TCI states is determined to apply both indicated TCI states to PDSCH.

<Unchanged parts are omitted>


Observation 1: RAN1 haven’t consider UE panel specific configuration of UL PC parameters 
· ,  , nor  exit

Observation 2: Without the parameter ‘t’ above, UE does not have any uncertainty how to perform UL power control 

Proposal 5: Panel specific parameter is not required in UL PC equation 

Proposal 6: If the TRP-specific BFR is not supported under the Rel-18 eUTCI framework with two indicated TCIs, after NW response to a beam failure request, support to update beam(s) for all relevant channels/signals to a single common beam.
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