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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.
· 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
Reception of aperiodic CSI-RS before a thresholdAgreement from RAN1#114
On unified TCI framework extension for S-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resources in an AP CSI-RS resource set for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· FFS: If there is any other DL signal in the same symbols as the AP CSI-RS 
· If there is no DL signal in the same symbols as the AP CSI-RS:
· If the UE is in FR1 or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, the UE shall apply the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the RRC configuration(s) provided to the AP CSI-RS resource or AP CSI-RS resource set
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
· Otherwise, the UE shall apply the first indicated joint/DL TCI state to the AP CSI-RS.
· FFS: The definition of other DL signals
· Note: Whether to reuse the legacy UE capability (beamSwitchTiming/beamSwitchTiming-r16) as the threshold for AP CSI-RS reception is discussed in Rel-18 UE feature AI

It has been agreed in RAN1#114 that if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resources in an AP CSI-RS resource set for BM/CSI is smaller than a threshold for AP CSI-RS reception(s), and if there is no DL signal in the same symbol(s) as the AP CSI-RS, a UE can apply the first or the second indicated joint/DL TCI state to the AP CSI-RS depending on whether or not the UE supports two default beams for SDCI based MTRP and the RRC configuration(s) provided to the AP CSI-RS resource (per resource or per resource set). Based on the above agreement, there are still some remaining issues of this subject matter, which need to be addressed including:
· If there is other DL signal(s) in the same symbol(s) as the AP CSI-RS, what would be the other DL signal(s) – i.e., definition(s) of the other DL signal(s)
· QCL assumptions of receiving the AP CSI-RS if there is other DL signal(s) in the same symbol(s) as the AP CSI-RS

First of all, we do not think that it is necessary to include periodic CSI-RS and semi-persistent CSI-RS as the other DL signal(s). This is because: (1) under the current unified TCI framework, the periodic CSI-RS and semi-persistent CSI-RS do not follow the indicated TCI state(s), and (2) the UE may need to buffer more than two TCI states – e.g., two indicated ones and one configured one, which would unnecessarily complicate the design. Furthermore, by implementation, the network can avoid having periodic/semi-persistent CSI-RS in the same symbols as the AP CSI-RS. Hence, we provide the following proposal:

Proposal 1: On unified TCI framework extension for S-DCI based MTRP, for AP CSI-RS reception(s) before a threshold, if there is any other DL signal(s) in the same symbols as the AP CSI-RS, the other DL signal(s) should not include periodic/semi-persistent CSI-RS.

Second, if there is other DL signal(s) in the same symbol(s) as the AP CSI-RS, the following QCL rule(s)/assumption(s) can be adopted to simplify the design.
· If the other DL signal(s) is with one indicated TCI state, the UE applies the QCL assumption of the other DL signal(s) when receiving the AP CSI-RS
· If the other DL signal(s) is with two indicated TCI states (e.g., the PDSCH), (1) if the UE is in FR1 and/or supports two default beams in FR2, the UE applies the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the RRC configuration(s) provided to the AP CSI-RS resource or AP CSI-RS resource set; (2) otherwise, the UE applies the first indicated joint/DL TCI state to the AP CSI-RS.
We provide the following TP to capture the above.5.2.1.5	Triggering/activation of CSI Reports and CSI-RS 
5.2.1.2.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unchanged parts are omitted>

When a UE is configured with dl-OrJointTCI-StateList and is having two indicated TCI states and if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is smaller than a threshold:
-	If there is no DL signal in the same symbols as the aperiodic CSI-RS
-	if the UE is in frequency range 1, or the UE reports its capability of [two default beams for S-DCI based MTRP] in frequency range 2, the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS according to the higher layer configuration(s) provided to the aperiodic CSI-RS resource or to the aperiodic CSI-RS resource set. 
-	Otherwise, the UE shall apply the first indicated joint/DL TCI state to the aperiodic CSI-RS.
-	If there is any other DL signal with an indicated TCI state in the same symbols as the aperiodic CSI-RS, the UE applies the QCL assumption of the other DL signal when receiving the aperiodic CSI-RS. If there is a PDSCH indicated with two TCI states in the same symbols as the aperiodic CSI-RS,
-	if the UE is in frequency range 1, or the UE reports its capability of [two default beams for S-DCI based MTRP] in frequency range 2, the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS according to the higher layer configuration(s) provided to the aperiodic CSI-RS resource or to the aperiodic CSI-RS resource set. 
-	Otherwise, the UE shall apply the first indicated joint/DL TCI state to the aperiodic CSI-RS.



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 2: 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 3: 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)

Power control for STxMP

Current specification clarifies UL transmission power per each of UL transmission occasion and per channel/RS separately. It supports beam specific management, and assumed beam specific operation also supporting panel specific power control. As more details, parallel of beam specific UL PC processes are configured per UE, and gNB selects one of the process for each of UL transmission occasion by UL beam index. As shown below, all of pre-configured parameters or CL-PC process associated to UL beam index in the current specification.
[image: ]


As a reasonable restriction, only single UL beam to be indicated in the current specification. But STxMP needs two separated UL beam simultaneously indicated and applied for UL transmission. 

Observation 1: For UL transmission power control, specification needs to support up to 2 UL beam index per transmission occasion.

For each of simultaneously indicated UL beam, separated UL PC process is required. RAN1 may support such two separated and parallel UL PC operation in two different way. For channel supporting STxMP, RAN1 may define two parallel and separated UL PC processes per transmission occasion as a small modification from current description. Or RAN1 may define UL PC process per UL transmission not per UL transmission occasion where two parallel of UL transmission may happen per UL transmission occasion. The 2nd approach may provide more generous description. But considering the specification work-load, we propose to follow the 1st approach above. In addition, since current RAN1 feature already supports 2 separated UL PC process, RAN1 may support required operation without defining new UL PC process or new concept of UL PC operation.

Observation 2: For each of simultaneously indication or applied UL beam indicator, separated and parallel UL PC process required 

Proposal 4: RAN1 support two parallel UL PC process by utilizing current UL PC operation where two separated UL PC process supported.

With the approach above, since current OL-PC setting supports beam specific operation, may no further modification required to support STxMP. 

Proposal 5: For STxMP UL PC, RAN1 does not add any modification for open-loop parameter settings.

Current RAN1 UL PC operation support simultaneous two closed loop processes. Thus, unless new UE capability of supporting more of closed loop process is defined, RAN1 may not need any modification for closed loop part. 

Proposal 6: For STxMP UL PC, RAN1 does not add any modification for closed-loop process configuration or association.

It is generally up to RAN4 how to define PC,MAX,f,c. And it was agreed by RAN4 that the number of PC,MAX,f,c,k is limited up to two. In RAN4’s perspective, each of peak power is associated for each UL panel and the spatial correlation between two simultaneous UL beam would not impact the actual value of PC,MAX,f,c. As more details, when tightly correlated two beams are scheduled for STxMP, the EIRP can be shown as the combination of two highly correlated beams. But RAN4 does not assume that there is a case the peak power of each panel to be adjusted according to the spatial correlation of two simultaneous beams.  Thus, as only remained issue, RAN1 need to discuss how the two peak power values to be associated with each of UL transmission. 
As one alternative, RAN1 consider the association of peak power and scheduled/configured UL transmission is up to UE. With this approach, the association between each UL transmission and UE panel is hidden to serving cell and gNB may not consider peak UE power when it schedule or trigger UL transmission. With this approach, RAN1 standard only describes one of two different peak power value can be applied for each of simultaneous PUSCH or PUCCH transmission. But it should be beneficial if network understand which of panel specific peak power is associated to each TCI state. As resent related agreement, PHR is reported per 1st and 2nd indicated TCI state. And as associated agreement, network may consider each peak power corresponds to 1st or 2nd activated TCI state.  

Observation 3: In twoPHRmode, each PHR reporting is associated to 1st and 2nd indicated TCI state and 1st and 2nd panel specific UE peak power 

Proposal 7: RAN1 define association between panel specific peak power and 1st or 2nd activated joint/UL TCI state

In RAN1 #114 it is agreed to support panel specific actual PHR report as below:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that one or both Type 1 PHRs are based on an actual PUSCH transmission
· If the actual PUSCH transmission applies both first and second indicated joint/UL TCI states, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission 
· FFS: How to provide the second report for a reference PUSCH transmission?
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· FFS: How to provide the first report for a reference PUSCH transmission?
· FFS: If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, how to provide the first and second reports for reference PUSCH transmissions, respectively?



In the current specification, UE calculate actual PHR by the equation below, and reports it together with UE configured maximum transmission power
[image: ]

Network understands the remaining UE power and value of curly bracket part represents UE transmission power by comparing two reported values. To obtain sufficient UE power information, it is very important to report peak power together with actual PHR value.
When PHR reporting is triggered for reference PUSCH transmission, called virtual PHR, UE calculate PHR based on the equation below and reports it without any other parameters together, where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. TC = 0 dB.
[image: ]

With the assumption of zero power reduction, virtual PHR intended to report UE transmission power required to compensate pathloss. Comparing values of two type of PHR and reported UE peak power, network understand the channel status and UE power condition. When two of UE peak power is configured, network should understand which of reported virtual PHR or pathloss associated to which of configured UE peak power. We think the agreement above defines the association between virtual PHR and configured UE peak power via TCI state. Therefore, no further modification should be necessary for PHR reporting.

Observation 4: Network understand the association between virtual PHR and configured UE peak power via association to indicated TCI state.

[bookmark: _GoBack]Proposal 8: For STxMP PHR reporting, regardless of actual PUSCH transmission applied for indicated TCI state or not, UE reports first headroom associated to 1st indicated joint/UL TCI state and second headroom associated with 2nd indicated joint/UL TCI state
· UE does not report UE configured peak power when PHR is associated to TCI state without actual PUSCH transmission

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

Proposal 1: On unified TCI framework extension for S-DCI based MTRP, for AP CSI-RS reception(s) before a threshold, if there is any other DL signal(s) in the same symbols as the AP CSI-RS, the other DL signal(s) should not include periodic/semi-persistent CSI-RS.5.2.1.5	Triggering/activation of CSI Reports and CSI-RS 
5.2.1.2.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unchanged parts are omitted>

When a UE is configured with dl-OrJointTCI-StateList and is having two indicated TCI states and if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is smaller than a threshold:
-	If there is no DL signal in the same symbols as the aperiodic CSI-RS
-	if the UE is in frequency range 1, or the UE reports its capability of [two default beams for S-DCI based MTRP] in frequency range 2, the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS according to the higher layer configuration(s) provided to the aperiodic CSI-RS resource or to the aperiodic CSI-RS resource set. 
-	Otherwise, the UE shall apply the first indicated joint/DL TCI state to the aperiodic CSI-RS.
-	If there is any other DL signal with an indicated TCI state in the same symbols as the aperiodic CSI-RS, the UE applies the QCL assumption of the other DL signal when receiving the aperiodic CSI-RS. If there is a PDSCH indicated with two TCI states in the same symbols as the aperiodic CSI-RS,
-	if the UE is in frequency range 1, or the UE reports its capability of [two default beams for S-DCI based MTRP] in frequency range 2, the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS according to the higher layer configuration(s) provided to the aperiodic CSI-RS resource or to the aperiodic CSI-RS resource set. 
-	Otherwise, the UE shall apply the first indicated joint/DL TCI state to the aperiodic CSI-RS.




Proposal 2: 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 3: 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)

Observation 1: For UL transmission power control, specification needs to support up to 2 UL beam index per transmission occasion.

Observation 2: For each of simultaneously indication or applied UL beam indicator, separated and parallel UL PC process required 

Proposal 4: RAN1 support two parallel UL PC process by utilizing current UL PC operation where two separated UL PC process supported.

Proposal 5: For STxMP UL PC, RAN1 does not add any modification for open-loop parameter settings.

Proposal 6: For STxMP UL PC, RAN1 does not add any modification for closed-loop process configuration or association.

Observation 3: In twoPHRmode, each PHR reporting is associated to 1st and 2nd indicated TCI state and 1st and 2nd panel specific UE peak power 

Proposal 7: RAN1 define association between panel specific peak power and 1st or 2nd activated joint/UL TCI state

Observation 4: Network understand the association between virtual PHR and configured UE peak power via association to indicated TCI state.

Proposal 8: For STxMP PHR reporting, regardless of actual PUSCH transmission applied for indicated TCI state or not, UE reports first headroom associated to 1st indicated joint/UL TCI state and second headroom associated with 2nd indicated joint/UL TCI state
· UE does not report UE configured peak power when PHR is associated to TCI state without actual PUSCH transmission
References
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