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Introduction
In RAN1#102-e, six issues have been identified for multi-path enhancements [1]:
· Issue1: Unified TCI framework and state.
· Issue 2: L1/L2-centeric inter-cell mobility.
· Issue 3: Dynamic TCI state update signaling.
· Issue 4: MP-UE assumption to facilitate fast UL panel selection.
· Issue 5: MPE Mitigation.
· Issue 6: Advanced beam management for beam acquisition. 
Further agreements were made in RAN1#103-e [2], RAN1#104-e [3], RAN1#104b-e [4], RAN1#105-e [5], RAN1#106-e[6] and RAN1#106bis-e[7]. 
In this contribution, we present Samsung’s views on the first 5 issue. It has been agreed in RAN1#106bis-e to no longer discuss issue 6 in Rel-17.
[bookmark: _Ref54011617]Issue 1: Unified TCI Framework and State
Number of RRC configured TCI states
In RAN1#106bis-e[7], the following agreement was made:
Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI

In case of separate TCI states, there is no agreement on the maximum number of downlink TCI states and uplink TCI states that could be configured. In our view, at least the same number of TCI state and spatial relations that could be configured in Rel-15/Rel-16 should be configured in Rel-17 for DL and UL TCI states respectively. Therefore, we propose at a minimum 128 DL TCI states and 64 UL TCI states per BWP per CC
Proposal 1: On Rel.17 unified TCI framework, for Rel-17 unified TCI, when a UE is configured with separate DL/UL TCI, the largest number of configured TCI states for DL TCI state update is 128 per BWP per CC, and the largest number of configured TCI states for UL TCI state update is 64 per BWP per CC.
QCL Type-D rules
The QCL rules for the Rel-17 TCI states have been agreed in the previous meetings. Most of the QCL rules from Rel-15/Rel-16 are reused. For the PDSCH/PDCCH DMRS of UE-dedicated channels, the following options are supported:
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
This is the agreement from RAN1#106bis-e[7]:

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· For DL channels/signals that share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), the following options on source RSs and QCL-Types are supported
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Note: For inter-cell beam management, SSB with PCID different from that from the serving cell can be used as a QCL Type-C/D source RS for CSI-RS for BM and/or TRS 
· Further discuss and decide in RAN1#106bis-e whether CSI-RS for CSI can be used as a source RS or not, and if so whether some restriction(s) are needed

A remaining open point is the support of CSI-RS for CSI as a source RS for PDSCH/PDCCH (highlighted in yellow above), which is supported in Rel-15/Rel-16. As this is already supported in Rel-15/Rel-16, we propose to continue to support CSI-RS for CSI as a source RS for the TCI state of DL UE dedicated channels.
Proposal 2: On Rel.17 unified TCI framework, for Rel-17 unified TCI, CSI-RS for CSI can be a valid QCL Type-D source for DL UE dedicated channels.
TCI state for SRS resource not sharing the Rel-17 TCI state of UE dedicated channels
In RAN1#105-e[5], is has been agree that any DL-RS that is a valid target of a Rel-15/16 TCI state can be configured as a target of a Rel-17 DL TCI state. It is still open whether the SRS resources should be configured as a target RS for the UL or Joint TCI state. In Rel-15/16 the SRS resource is configured with a spatialRelationInfo to provide beam information, it would seem reasonable that in Rel-17, when the SRS resource doesn’t follow the TCI state of UE-dedicated channels that it can be configured with a Rel-17 UL or joint TCI state instead of the spatialRelationInfo.

Agreement
On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)

Proposal 3: On Rel.17 unified TCI framework, for Rel-17 unified TCI, SRS resource not configured with the Rel-17 TCI state of UE-dedicated channels can be configured with a Rel-17 TCI state that is different from that of UE-dedicated channels.
In Rel-15/Rel-16, a spatialRelationInfo can be configured for each SRS resource, but the PL-RS is common across all SRS resources in an SRS resource set. In Rel-17, it has been agreed that the PL-RS is associated with or included in each TCI state. Configuring a TCI state for each SRS resource could lead to a separate PL-RS for each SRS resource in an SRS resource set. This deviates from the Rel-15/Rel-16 design where the PL-RS is configured for an SRS resource set. To maintain the Rel-15/Rel-16 design, we suggest considering one of the following options:
· Option 1: Network implementation ensures that same PL-RS is associated with or included in the TCI states of the SRS resources in the same SRS resource set. i.e., a UE expects that the PL-RS associated with or included in the TCI state of an SRS resource is the same for all SRS resources in the same SRS resource set.
· Option 2: The PL-RS of an SRS resource in an SRS resource set is the PL-RS associated with or included in the TCI of the SRS resource with the lowest ID in the SRS resource set.
We slightly prefer option 1 as it requires just a small spec update to state that the UE expects the same PL-RS for all SRS resources in the same SRS resource set.
Proposal 4: On Rel.17 unified TCI framework, for Rel-17 TCI of an SRS resource, the PL-RS of SRS resources in the same SRS resource set is the same. Consider one of the following design options:
·  Option 1: Network implementation ensures that same PL-RS is associated with or included in the TCI states of the SRS resources in the same SRS resource set. i.e., a UE expects that the PL-RS associated with or included in the TCI state of an SRS resource is the same for all SRS resources in the same SRS resource set.
· Option 2: The PL-RS of an SRS resource in an SRS resource set is the PL-RS associated with or included in the TCI of the SRS resource with the lowest ID in the SRS resource set.

Beam alignment for Pathloss RS
A UE measures the DL pathloss to determine the pathloss in the UL, thanks to the reciprocity of the channel and accordingly determine the UL transmit power. For the DL pathloss to be an accurate reflection of the UL pathloss the PL-RS and the spatial relation RS should be the same. If they are not the same, they should at least be beam aligned. In this context, the definition of beam is alignment is that one of the RSes is a source RS of QCL Type D for the other RS, or both RSes have the same QCL Type-D source RS. Hence:
· The PL-RS is identical to the QCL Type-D source RS or UL spatial relation RS of the spatial relation RS in the UL or (if applicable) joint TCI state.
· The QCL Type-D source RS of PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state.
· The QCL Type-D source RS of PL-RS is identical to the QCL Type-D source RS or UL spatial relation RS of the spatial relation RS in the UL or (if applicable) joint TCI state.
Proposal 5: "Beam alignment" if the PL-RS and spatial relation RS of a Joint or UL TCI state are not the same is defined as:
· The PL-RS is identical to the QCL Type-D source RS or UL spatial relation RS of the spatial relation RS in the UL or (if applicable) joint TCI state.
· The QCL Type-D source RS of PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state.
· The QCL Type-D source RS of PL-RS is identical to the QCL Type-D source RS or UL spatial relation RS of the spatial relation RS in the UL or (if applicable) joint TCI state.
Mechanism for indication of TCI state of UE dedicated channels
In Rel-15/Rel-16 the UE receives a PDCCH in a CORESET. A CORESET has a TCI state. A search space is associated with a CORESET. The UE monitors PDCCH candidates in the search space using the TCI state of the associated CORESET. For Rel-17, it has been concluded that for DL TCI, the source reference signal(s) in the DL TCI state provide QCL information at least for UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources. For brevity, the TCI state of UE dedicated channels is referred to as the main TCI state. The UE-dedicated channels are received in a UE-specific search space. Therefore, it would seem natural that the CORESET associated with USS follows the main TCI state. Any search space associated with a CORESET that is associated with a USS has PDCCH candidates received using the unified TCI state. This is illustrated in Figure 1.
Any channel that is associated with a search space that is associated with a CORESET that is associated with a USS is received or transmitted using the main TCI state. Channels associated with a search space include:
· PDCCH received in the search space.
· PDSCH scheduled by PDCCH received in the search space and corresponding PUCCH.
· PUSCH scheduled by PDCCH received in the search space.




[bookmark: _Ref86862050]Figure 1: CORESET associated with USS follows the unified (master or main) TCI state.

Proposal 6: A CORESET associated with a UE specific search space follows the main TCI state. A channel associated with the search space associated with the CORESET follows the TCI state of UE-dedicated PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources (main TCI state). Channels associated with a search space include:
· PDCCH received in the search space
· PDSCH scheduled by PDCCH received in the search space and corresponding PUCCH
· PUSCH scheduled by PDCCH received in the search space.
QCL assumption after Initial Access and Reconfiguration with Sync
During initial access or reconfiguration with sync, the UE performs a random access procedure and identifies a beam for downlink receptions and uplink transmissions based on the selected SSB during random access. This beam is used by the UE until
1. The UE is activated one TCI state for UE-dedicated channels
2. The UE is activated more than one TCI state and is indicated by a DCI (with or with DL assignment) one of the UE-dedicated TCI states.
Proposal 7: On Rel.17 unified TCI framework, after initial access or reconfiguration with sync, the UE uses the beam identified during random access for DL reception and UL transmission until the UE is activated one TCI state for UE-dedicated channels or the UE is activated more than one TCI state and is indicated by DCI one of the activated TCI states.
BFD RS and QCL assumption after BFFR
For link recovery procedures, a UE can be configured with a set of beam failure detection (BFD) RS, , and a set of beam recovery RS, , for new beam identification. The UE monitors the BFD RS, if the quality of the signal falls below a threshold beam failure is declared and the UE uses the beam recovery RS to identify a new beam. After identifying a new beam associated with RS , the UE triggers a BFR procedure using the BFR PRACH resources. The UE transmits a PRACH corresponding to , and monitors beam failure recovery response (BFRR) in the recovery search. After receiving BFRR by X symbols the UE applies the QCL properties and  UL spatial filter associated with RS  to UE-dedicated channels.
Proposal 8: On Rel.17 unified TCI framework, for beam failure recovery, after a UE receives the Beam Failure Recovery Request (BFRR), the new/updated QCL source RS applies to UE-dedicated PDSCH/PDCCH and dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC, as well as other signals/channels configured to share such Rel-17 TCI state.

Furthermore, if the BFD RS resources are explicitly configured by RRC and the TCI state of UE-dedicated channels is indicated via DCI, the explicitly configured BFD RS resources could be outdated. In this case, the UE may not be able to identify BFD RS(s) sharing the same value(s) as the QCL source RS(s) indicated in the Rel-17 TCI state(s) for UE-dedicated PDCCH/PDSCH reception. Dynamic MAC CE update of the explicitly RRC configured BFD RSs is needed for TCI of UE dedicated channels.
Proposal 9: On Rel.17 unified TCI framework, for beam failure recovery, support MAC-CE update of RRC configured BFD RSs.

Issue 2: Inter-cell beam management
Beam measurement and reporting of neighbouring cell RSs:
In RAN1#106bis-e, the following agreement was reached with two options to down select from for L1-RSRP reporting:

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP 

Our preference is Alt.1. For Alt.2, we have two questions for clarification: 
· The UCI payload size could vary depending on not only K, but also the number of cells with PCI different from the PCI of the serving cell. For instance, for K=4, if only the serving cell is reported, the payload size is 19 bits, and if one additional PCI is reported, the payload size is 22 bits. This variation is not desired in terms of gNB decoding efforts. To make it work, at least the number of non-serving cells needs to be indicated in part of UCI. 
· Alt. 2 results in larger overhead especially with large K and number of measurement cells. For K=4, if four measurement cells are reported, the payload size of Alt.2 would become 28 bits, which is 9 bits more than Alt. 1. Not sure whether the additional gain provided by differentiating different cells in beam reporting can surpass this increased overhead.
There are still remaining issues related to UCI format for the inter-cell beam reporting. As the UE could report in the same reporting instance K beam qualities for more than one cell, the ordering of the reported K beam qualities needs to be specified. For example, for the RSRP reporting format in Alt.1, the UE can first report the 7-bit reference L1-RSRP (and therefore, the corresponding resource indicator) in the reporting instance, followed by (K – 1) 4-bit differential L1-RSRP(s) in decreasing order. In this case, the UE should also indicate to the network the PCIs associated with the reported K beam qualities.  

Proposal 10: On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP:
· Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· In the same reporting instance, report the reference (absolute) 7-bit L1-RSRP first, followed by (K – 1) differential L1-RSRPs in decreasing order; report the PCIs associated with the K beam qualities.

Furthermore, we find it unnecessary to report a beam from a cell if the beam from the cell with the best beam is 10 dB higher.
Paging and Short Message with inter-cell beam management
In RAN1#106bis-e, the following proposal was discussed but not agreement was reached.

QCL assumption for paging reception after being activated with only one TCI state associated with PCI different from serving cell
Alt0. UE not required to monitor paging associated with the newly activated TCI state
Alt1. UE to monitor paging in USS associated with the newly activated TCI state
Alt2. UE to monitor paging in CSS configured for paging with the newly activated TCI state

When the UE is in RRC connected state, the gNB knows the best beam to use for that UE. This reasoning could justify using the beam of UE dedicated channels for paging/short messages. This would improve the quality of channel reception for paging. This applies whether there are one or more active TCI states. There is no reason, in our view, to limit this to the case of having one activated TCI state on the neighboring cell. In fact, if more than one TCI state is activated on any cell, DCI is used to indicate the TCI state the UE should be using for UE-dedicated channels. This is also the TCI state to use for paging and short message. In other words, paging and short message follow the TCI state of UE dedicated channels. This can be achieved by having the same CORESET for USS and Type2-PDCCH CSS. In Rel-15/Rel-16 paging and short messages use Type2-PDCCH CSS, this is where the UE monitors a PDCCH with a CRC scrambled by the P-RNTI. We think that by using the same design we can minimize the changes required in Rel-17. Therefore, our preference is to continue using the Type2-PDCCH CCS (Alt2) for paging and short messages. The TCI state associated with the CORESET associated with Type2-PDCCH CSS is the UE-dedicated TCI state.

Regarding Alt0, after reading the inputs from a few companies during the offline email discussion, we understand that Alt0 can be understood as the working baseline (if no additional agreement is made) despite the higher beam switching latency.

Proposal 11: For inter-cell beam management, for the QCL assumption for paging and short message reception after being activated with only one or more TCI states associated with PCI different from serving cell, and indicated a TCI state associated with PCI different from the serving cell, the UE to monitor paging in CSS configured for paging (Type2-PDCCH CSS) with the newly indicated or activated TCI state.

Indirect source RS for TCI state
It has been agreed that for downlink channels received on a beam associated with a cell having a PCI different from the PCI of the serving cell, the SSB is an indirect source RS. This an intermediate RS between the SSB and the target RS of the TCI state. For DL UE-dedicated channels, a TCI state can have two QCL types
1. QCL Type-A, where the source RS can be a TRS
2. QCL Type-D, where the source RS can a TRS (the same as that of Type A) or a CSI-RS for BM.
When the UE is received on a beam from a cell with a PCI different from the PCI of the serving cell, the UE can be: 
· Configured a TRS resource QCLed (Type-C and Type-D) with an SSB associated with a PCI different from the PCI of the serving cell.
· Configured a CSI-RS for BM resource QCLed (Type-C and Type-D) with an SSB associated with a PCI different from the PCI of the serving cell.

Proposal 12: For inter-cell beam management, for receiving on a beam associated with a cell having a PCI different from the PCI of the serving cell, the UE can be:
· Configured a TRS resource QCLed (Type-C and Type-D) with an SSB associated with the PCI that is different from the PCI of the serving cell.
· Configured a CSI-RS for BM resource QCLed (Type-C and Type-D) with an SSB associated with the PCI that is different from the PCI of the serving cell.

[bookmark: _Ref54233531]Issue 3: Dynamic TCI state update signalling
Multiple BAT values may need to be indicated in some scenarios. For instance, when the beam indication indicates the need for panel switching (for a MPUE), the UE panel implementation may require additional processing time due to panel switching. Therefore, a least two BAT values (B1, B2) can be indicated to such UEs. When the beam indication doesn’t require panel switching, the UE uses the first value B1 and when it requires panel switching, the UE uses the second value B2. Finally, the multiple BAT values are indicated subject to the UE capability reporting including either a single minimum BAT value that applies common to all of the multiple indicated BAT values, or multiple minimum BAT values, e.g. one for each of the multiple indicated BAT values. 
Proposal 13: On Rel-17 DCI-based beam indication, regarding application time of the beam indication: Multiple (e.g. 2, B1 and B2) BAT values are indicated for MPUE, the indicated multiple values are subject to a single or multiple minimum BAT values reported via UE capability reporting. When beam switching is within the same panel B1 is used. When beam switching is across panels B2 is used.

[bookmark: _Ref54011627]Issues 4 and 5: UL beam/panel selection and MPE mitigation 
During and after RAN1#106b-e, the following proposals have been discussed regarding MPUE and MPE mitigation.
	(RAN1#106b-e) Proposal 4.A: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability values [without repetition] 
· FFS: Whether each UE capability value comprises the number of SRS ports, number of UL transmission layers, coherence type, TPMI, or number of SRS resources within one SRS resource set 
· FFS: Whether the UE capability value set can be common across a set of BWPs/CCs
· The correspondence between a CSI-RS and/or SSB resource index and a UE capability value from the reported list of UE capability values is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting is reused, i.e. L1-RSRP and L1-SINR along with the companion SSBRI/CRI (up to 4 pairs, with 7-bit absolute and 4-bit differential) with the correspondence information included in the beam reporting UCI
· Support multiple codebook-based SRS resource sets with different maximum number of SRS ports
· [FFS: The indicated SRI is based on the SRS resources corresponding to one SRS resource set which is selected by the UE and aligned with the UE capability based on the informed correspondence]
(Offline email discussion) Updated Proposal 4.A: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises at least the max supported number of SRS ports
· his capability value set and whether the UE capability value set can be common across all BWPs/CCs in same band or BC are discussed under UE feature agenda item at least the maximum supported number of SRS sorts and coherence type
· FFS: Whether the UE capability value set can be common across all BWPs/CCs in same band or BC
· The correspondence between a CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting is reused, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR  (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI
· Support multiple codebook-based SRS resource sets with different number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to a selected SRS resource set [which need to be aligned with the UE capability based on the informed correspondence]
· FFS: Decide in RAN1#107e, Whether whether the SRS resource set is selected by the UE or NW

(RAN1#106b-e) Proposal:
On Rel.17 enhancements to facilitate MPE mitigation, for selection of N from a candidate SSB/CSI-RS resource pool: 
· Down-select by RAN1#107-e between the following alternatives:
· Alt1. Based on L1-RSRP minus P-MPR value for each resource 
· Alt2. Based on calculated Virtual PHR for each resource
· Virtual PHR is modified by considering virtual P-MPR
· Alt3. Based on L1-RSRP for each resource among the resources with P-MPR values less than a threshold
· FFS: Reporting when there are only less than N P-MPR values under the threshold
· Alt4. No RAN1 spec impact (possibly left to RAN4)



During the offline email discussion, the following issues have been discussed regarding MPUE.
· 4.1: Whether to support repeated (the same) UE capability value (set) in the list?
· If only one capability type is supported, then we don’t see the need for repeated capability. However, for two capability types (in a value set), one value can repeat but the other must be different, implying that each value set is still different.
· 4.2: Whether to support more than one types of UE capability (i.e., UE capability value set) in the list?
· We prefer a simple yet useful solution, and our first is a single capability value, but can be open to at most two.
· 4.3: Type(s) of UE capability value in the list
· Among the five capability types, if only one type is supported, we prefer the coherence type, and if two coherence types are supported, we prefer {supported # SRS ports, coherence type} or {supported # SRS ports, TPMI}.
· 4.4: How to include the correspondence (between a CRI/SSBRI and a UE capability value from the reported list) information in the reporting instance?
· The correspondence can be included in the beam report.
· 4.5: The indicated SRI is based on the SRS resources corresponding to a SRS resource set, whether the SRS resource set is selected by the UE or NW?
· We prefer the legacy behavior, i.e., the UE reports the beam report and the NW selects the SRS resource set for SRI, but the NW is expected to use the received information via the beam report.
· 4.6: After a beam reporting instance and before the next beam reporting instance, whether UE can update the correspondence?
· There is no need for any restriction, but the UE is expected to receive/follow configurations based on the reported correspondence.
· 4.7: Whether and how to define the acknowledgement of the reporting instance that carries correspondence information, and the timeline for applying the correspondence?
· Given that we only one meeting to conclude this issue, we prefer not to discuss the ACK design. We are open to other solutions which is simple yet does not require ACK mechanism.

Re the capability type, we think the coherence type can convey the useful information without revealing MPUE panel information. In Rel. 15, the following coherence types are supported for UL transmission from a 4Tx UE.
· Full-coherence (FC): a layer of UL transmission can be transmitted via all SRS antenna ports
· Partial-coherence (NC): a layer of UL transmission can be transmitted via a subset (2 out of 4) of antenna ports 
· Non-coherence (NC): a layer of UL transmission can be transmitted via a single (1 out of 4) antenna port.
Since coherence types correspond to different antenna port selection, for a MPUE, coherence types can be used to convey an information about antenna port grouping (or panels) implicitly. An example is illustrated in Table 1.
· For a FC UE, TPMI 12 (likewise 13-27) indicates a FC precoder for UL transmission from all antenna ports 0-3. This can be mapped to a single panel (or selecting all 4 ports).
· For a PC UE, 
· TPMI 4 (likewise 5-7) indicates a PC precoder for UL transmission from antenna ports {0,2}. This can be mapped to panel 1 (selecting a first pair of 2 ports).
· TPMI 8 (likewise 9-11) indicates a PC precoder for UL transmission from antenna ports {1,3}. This can be mapped to panel 2 (selecting a second pair of 2 ports).
· For a NC UE, 
· TPMI 0 indicates a NC precoder for UL transmission from antenna port 0. This can be mapped to panel 1 (selecting a first port).
· TPMI 1 indicates a NC precoder for UL transmission from antenna port 1. This can be mapped to panel 2 (selecting a second port).
· TPMI 2 indicates a NC precoder for UL transmission from antenna port 2. This can be mapped to panel 3 (selecting a third port).
· TPMI 3 indicates a NC precoder for UL transmission from antenna port 3. This can be mapped to panel 4 (selecting a fourth port).
[bookmark: _Ref83743175]Table 1
	Coherence type
	TPMI precoder
	Antenna port grouping (or panels)

	FC
	
TPMI 12: 
	


	PC
	TPMI 4 and 8:



	


	NC
	TPMI 0-3:





	




Therefore, the beam report can include an information about the coherence type(s) or/and TPMI(s) to indicate the number of selected antenna ports, where
· Coherence types(s) correspond to at least one of full-coherent, partial-coherent, and non-coherent
· TPMI(s) correspond to at least one of FC TPMI, PC TPMI, and NC TPMI (from UL codebook)
· FC selects all antenna ports, PC selects 2 antenna ports, and NC selects 1 antenna port.
As mentioned above, we can also accept supported # SRS ports as an additional capability type.

Regarding the multiple SRS resource sets with different number of SRS antenna ports, there are two open issues:
· 4.8: The number of CB-based SRS resource sets with different number of SRS ports that can be configured by NW
· Number of SRS resource sets = 2 or 3, where 2 is needed for 2Tx UE, and 3 is needed for a 4Tx UE.
· 4.9: The number of SRS ports in a CB-based SRS resource set that can be configured by NW
· Different number of SRS antenna ports = (2,1), (4,1), (4,2), or (4,2,1)
· 4:10: remaining details about the set can be the same as in Rel. 15
· Maximum number of SRS resources in each SRS resource set = 2 (same as Rel.15)
· Number of SRS ports is the same for all SRS resources within a set (same as Rel.15).

Finally, the alignment between the SRS resource set (S) for SRI indication and the index reported by the UE can be based the number of antenna ports selected/indicated by the coherence type or/and TPMI reported by the index. For instance, when the index corresponds to FC, the number of antenna ports can be 4 and hence can be aligned with a SRS resource set with 4 SRS antenna ports. Likewise, when the index corresponds to PC, the number of antenna ports can be 2 and hence can be aligned with a SRS resource set with 2 SRS antenna ports; and when the index corresponds to NC, the number of antenna ports can be 1 and hence can be aligned with a SRS resource set with 1 SRS antenna port.

Proposal 14: For panel activation/selection, 
· Support at most 2 capability types
· For one capability type, support coherence type or TPMI
· For two coherence types, support {supported #SRS ports, coherence type} or {supported #SRS ports, TPMI}
· beam report includes an information about the coherence type(s) or/and TPMI(s)
· coherence types(s) correspond to at least one of full-coherent, partial-coherent, and non-coherent 
· TPMI(s) correspond to at least one of FC TPMI, PC TPMI, and NC TPMI (from UL codebook)
· reuse Rel.15 definitions: FC selects all antenna ports, PC selects 2 antenna ports, and NC selects 1 antenna port
· regarding multiple SRS resource sets with different number of SRS antenna ports
· number of SRS resource sets = 2 or 3
· different number of SRS antenna ports = (2,1), (4,1), (4,2), or (4,2,1)
· maximum number of SRS resources in each SRS resource set = 2 (same as Rel.15)
· number of SRS ports is the same for all SRS resources within a set (same as Rel.15)
· regarding alignment between SRS resource set (S) for SRI and the index reported by the UE
· when index indicates FC, S = SRS resource set with 4 port SRS resources
· when index indicates PC, S = SRS resource set with 2 port SRS resources
· when index indicates NC, S = SRS resource set with 1 port SRS resources.

There is only one open point regarding beam reporting for MPE mitigation, i.e., How to perform selection of N from a candidate SSB/CSI-RS resource pool? There were four alternatives discussed. Among them, we propose a modified Alt3 which corresponds to the selection based on sorted L1-RSRP (in decreasing order) of resources with P-MPR within the threshold or with virtual PHR enough for UL transmission. Similar to Rel. 15 beam reporting, the reported beams should be sorted but they are required to be within the P-MPR threshold.

Proposal 15: Regarding beam reporting for MPE mitigation, support modified Alt 3, i.e., based on sorted L1-RSRP (in decreasing order) of resources with P-MPR within the threshold or with virtual PHR enough for UL transmission.

Conclusions
The following proposals have been made regarding the unified TCI Framework and TCI State:
Proposal 1: On Rel.17 unified TCI framework, for Rel-17 unified TCI, when a UE is configured with separate DL/UL TCI, the largest number of configured TCI states for DL TCI state update is 128 per BWP per CC, and the largest number of configured TCI states for UL TCI state update is 64 per BWP per CC.
Proposal 2: On Rel.17 unified TCI framework, for Rel-17 unified TCI, CSI-RS for CSI can be a valid QCL Type-D source for DL UE dedicated channels.
Proposal 3: On Rel.17 unified TCI framework, for Rel-17 unified TCI, SRS resource not configured with the Rel-17 TCI state of UE-dedicated channels can be configured with a Rel-17 TCI state that is different from that of UE-dedicated channels.
Proposal 4: On Rel.17 unified TCI framework, for Rel-17 TCI of an SRS resource, the PL-RS of SRS resources in the same SRS resource set is the same. Consider one of the following design options:
·  Option 1: Network implementation ensures that same PL-RS is associated with or included in the TCI states of the SRS resources in the same SRS resource set. i.e., a UE expects that the PL-RS associated with or included in the TCI state of an SRS resource is the same for all SRS resources in the same SRS resource set.
· Option 2: The PL-RS of an SRS resource in an SRS resource set is the PL-RS associated with or included in the TCI of the SRS resource with the lowest ID in the SRS resource set.

Proposal 5: "Beam alignment" if the PL-RS and spatial relation RS of a Joint or UL TCI state are not the same is defined as:
· The PL-RS is identical to the QCL Type-D source RS or UL spatial relation RS of the spatial relation RS in the UL or (if applicable) joint TCI state.
· The QCL Type-D source RS of PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state.
· The QCL Type-D source RS of PL-RS is identical to the QCL Type-D source RS or UL spatial relation RS of the spatial relation RS in the UL or (if applicable) joint TCI state.

Proposal 6: A CORESET associated with a UE specific search space follows the main TCI state. A channel associated with the search space associated with the CORESET follows the TCI state of UE-dedicated PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources (main TCI state). Channels associated with a search space include:
· PDCCH received in the search space
· PDSCH scheduled by PDCCH received in the search space and corresponding PUCCH
· PUSCH scheduled by PDCCH received in the search space.

Proposal 7: On Rel.17 unified TCI framework, after initial access or reconfiguration with sync, the UE uses the beam identified during random access for DL reception and UL transmission until the UE is activated one TCI state for UE-dedicated channels or the UE is activated more than one TCI state and is indicated by DCI one of the activated TCI states.
Proposal 8: On Rel.17 unified TCI framework, for beam failure recovery, after a UE receives the Beam Failure Recovery Request (BFRR), the new/updated QCL source RS applies to UE-dedicated PDSCH/PDCCH and dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC, as well as other signals/channels configured to share such Rel-17 TCI state.

Proposal 9: On Rel.17 unified TCI framework, for beam failure recovery, support MAC-CE update of RRC configured BFD RSs.

The following proposals have been made regarding inter-cell beam management:
Proposal 10: On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP:
· Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· In the same reporting instance, report the reference (absolute) 7-bit L1-RSRP first, followed by (K – 1) differential L1-RSRPs in decreasing order; report the PCIs associated with the K beam qualities.

Proposal 11: For inter-cell beam management, for the QCL assumption for paging and short message reception after being activated with only one or more TCI states associated with PCI different from serving cell, and indicated a TCI state associated with PCI different from the serving cell, the UE to monitor paging in CSS (Type2-PDCCH CSS) configured for paging with the newly indicated or activated TCI state.

Proposal 12: For inter-cell beam management, for receiving on a beam associated with a cell having a PCI different from the PCI of the serving cell, the UE can be:
· Configured a TRS resource QCLed (Type-C and Type-D) with an SSB associated with the PCI that is different from the PCI of the serving cell.
· [bookmark: _GoBack]Configured a CSI-RS for BM resource QCLed (Type-C and Type-D) with an SSB associated with the PCI that is different from the PCI of the serving cell.

The following proposals have been made regarding dynamic TCI signal update:
Proposal 13: On Rel-17 DCI-based beam indication, regarding application time of the beam indication: Multiple (e.g. 2, B1 and B2) BAT values are indicated for MPUE, the indicated multiple values are subject to a single or multiple minimum BAT values reported via UE capability reporting. When beam switching is within the same panel B1 is used. When beam switching is across panels B2 is used.

The following proposals have been made regarding UL beam/panel selection and MPE
Proposal 14: For panel activation/selection, 
· Support at most 2 capability types
· For one capability type, support coherence type or TPMI
· For two coherence types, support {supported #SRS ports, coherence type} or {supported #SRS ports, TPMI}
· beam report includes an information about the coherence type(s) or/and TPMI(s)
· coherence types(s) correspond to at least one of full-coherent, partial-coherent, and non-coherent 
· TPMI(s) correspond to at least one of FC TPMI, PC TPMI, and NC TPMI (from UL codebook)
· reuse Rel.15 definitions: FC selects all antenna ports, PC selects 2 antenna ports, and NC selects 1 antenna port
· regarding multiple SRS resource sets with different number of SRS antenna ports
· number of SRS resource sets = 2 or 3
· different number of SRS antenna ports = (2,1), (4,1), (4,2), or (4,2,1)
· maximum number of SRS resources in each SRS resource set = 2 (same as Rel.15)
· number of SRS ports is the same for all SRS resources within a set (same as Rel.15)
· regarding alignment between SRS resource set (S) for SRI and the index reported by the UE
· when index indicates FC, S = SRS resource set with 4 port SRS resources
· when index indicates PC, S = SRS resource set with 2 port SRS resources
· when index indicates NC, S = SRS resource set with 1 port SRS resources.

Proposal 15: Regarding beam reporting for MPE mitigation, support modified Alt 3, i.e., based on sorted L1-RSRP (in decreasing order) of resources with P-MPR within the threshold or with virtual PHR enough for UL transmission. 
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