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1	Introduction
During RAN#92e, a revised WID for Rel-17 feMIMO was agreed. [1]. The revised objective of the work item concerning enhancements to multi-beam operation reads:
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 

During RAN1#108-e, multiple multi-beam agreements were made. This contribution will provide corrections to further input to the agreements and related topics.
[bookmark: _Ref178064866]2	Discussion
2.1	Issues with ASN.1 impact
There are still a few issues on multi-beam enhancements, which have ASN.1 impact. These should be settled as soon as possible.
2.1.1	The number of pathloss RS
RAN2 has implemented the pathloss RS per UL TCI:
UL-TCIState-r17 ::=                   SEQUENCE {
    ul-TCIState-Id-r17                        UL-TCIState-Id-r17,
    servingCellId-r17                         ServCellIndex                                         
    qcl-Type1-r17                             QCLUnified-Info-r17,
    ul-powerControl-r17                   Uplink-powerControlId-r17                                 
    pathlossReferenceRS-Id-r17            PUSCH-PathlossReferenceRS-Id                              
}
Note that RAN2 reuses the PUSCH-PathlossReferenceRS-Id from Rel-15:
PUSCH-PathlossReferenceRS-Id ::=    INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1)
where
maxNrofPUSCH-PathlossReferenceRSs       INTEGER ::= 4       
This is too small: to obtain the desired functionality, it should be possible to configure different pathloss RS for every UL TCI state. This means that the maximum number of pathloss RSs is the same as the number of UL TCI states, i.e., 64:
[bookmark: _Toc101783064]The maximum number of pathloss RSs for unified TCI is 64.
Note that the UE is only required to maintain (track) the pathloss RSs in the activated TCI states, according to the following agreement from RAN1#105-e:
Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic

2.1.2	Coexistence between unified TCI and legacy power control 
When unified TCI is configured, the power control parameters, including the pathloss RS, are associated with the TCI state. In legacy, another paradigm is used. Since the two solutions are not to be used in parallel, the corresponding parameters should only be configured in either framework.
[bookmark: _Toc101783065]When the NW configures Uplink-powerControl-r17, the corresponding power control parameters should not be provided in PUCCH-PowerControl, PUSCH-PowerControl or SRS-Config.
This restriction could be captured in the field description of Uplink-powerControl-r17.
2.1.3	Inter-cell beam management and enhanced PHR reporting
In Rel-17, inter-cell beam management was introduced. The underlying idea was to remove the artificial restriction that all TRPs that are involved in beam management must broadcast the same PCI. From now on, the target must be that no beam management features should be constrained by the PCI broadcast by the TRPs. 
One of the additional features that were specified in Rel-17 is the enhanced PHR, where the UE can include (SSBRI,PH) pairs in the report. The SSBRI provides the NW with an alternative beam, from a configured set of candidate beams. Since we are trying to remove the artificial PCI restrictions, the configured candidate beams (reference signals) should not be limited to the reference signals of the serving cell. Hence, we propose
[bookmark: _Toc101783066]An explicit PCI, or AdditionalPCIIndex-r17, is needed for the MPE resource configuration.
2.2	BFD for the Rel-17 TCI framework
As part of the link recovery procedure, the UE may be configured with a set of periodic CSI-RS resource configuration indexes. If the UE is not configured with periodic CSI-RS resources, the UE monitors the RSs in the TCI state for the respective CORESETs:
Excerpt from 38.213, clause 6:
If the UE is not provided  by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH.
<omitted>
Here we note that since TCI-State is written in italics, it refers to the RRC field with the same name. However, when the UE is configured with the Rel-17 TCI framework, the UE does not derive any QCL source from a Rel-15 TCI state: those are provided in a DLorJointTCIState. We propose to clarify this, simply by adding ‘or DLorJointTCIState’ to the excerpt above:
[bookmark: _Toc101783067]Clarify that the UE may determine the set from a DLorJointTCIState in addition to a TCI-State.
We note that in the corresponding text for RLM, TCI state is not written in italics, and is thus not referring to an RRC field.
2.3	Default beam and timeDurationForQcl
In the Rel-15 TCI framework, the QCL assumption can be conveyed in DCI for PDSCH and aperiodic CSI-RS. For both PDSCH and aperiodic CSI-RS, the UE must have time to decode the DCI and apply the TCI state indicated in DCI. The UE provides the required time using three UE features: 
timeDurationForQcl (PDSCH)
beamSwitchTiming (CSI-RS)
beamSwitchTiming-r16 (CSI-RS with changed behaviour)
38.214 specifies what QCL assumption the UE makes, depending on the time between the scheduling PDCCH and the PDSCH/CSI-RS. When the time between the scheduling PDCCH and the scheduled PDSCH/CSI-RS is smaller than the advertised UE capability, the UE is said to apply a default QCL assumption. 
The main motivation for the Rel-17 TCI framework was to simplify the signaling of QCL assumptions. In the baseline case, one indicated TCI state is used to control the reception/transmission of all signals. This single TCI state is then changed using a combination of MAC CE and DCI. A new UE capability has been introduced to describe how fast a new TCI can be indicated. The indicated TCI state is applicable to PDSCH and aperiodic CSI-RS.
So far, the specification does not treat the Rel-17 TCI any differently with respect to the default QCL assumption. However, keeping the notion of a default TCI state that is applicable under some circumstances is not consistent with the foundation of the Rel-17 TCI framework. In other words, the currently specified behavior in 38.214 with regards to timeDurationForQCL is not relevant when Rel-17 TCI states are configured. We propose to clarify this:
[bookmark: _Toc101783068]If configured to do so, the UE always applies the currently indicated TCI state to PDSCH and aperiodic CSI-RS.
2.4	Virtual PHR
The UE may determine that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH transmission. Currently, 38.213 describes that the UE shall obtain the pathloss estimate using the reference signal indicated by pusch-PathlossReferenceRS-Id = 0. However, with unified TCI, this parameter may not even be provided, since the PUSCH pathloss RS is associated with a TCI state, and not provided as a separate quantity. Here it makes a lot of sense to use the pathloss RS if the activated TCI state:
[bookmark: _Toc101783069]To calculate the Type 1 power headroom based on a reference PUSCH, the UE uses the pathloss reference signal associated with the activated TCI state.
In general, Rel-17 specifies a new way to provide power control parameters, including the pathloss RS, to the UE, and it is not clear to us if this is captured in the current version of 38.213.
2.5	Rate matching for other PCI
The UE assumes that PRBs where the SS/PBCH block is transmitted are not available for PDSCH:
Excerpt from 38.214:
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, MSGB-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
Fundamentally, the SSB transmission pattern (ssb-PositionsInBurst) in different cells may differ. With the unified TCI state framework, the UE may receive data from a cell with another PCI than that of the serving cell, and the SSB transmission pattern in that cell may be different from the SSB transmission pattern of the serving cell. Needless to say, one TRP will not transmit SSB and PDSCH in the same REs, and the UE should take that into account. Thus, the UE should always rate match around the SSBs transmitted from the cell from which the UE receives PDSCH. Thus, we propose
[bookmark: _Toc101783070]The UE should always rate match around the SSBs transmitted from the cell from which the UE receives the PDSCH.
2.6	Multi-slot PDSCH/PUSCH
[bookmark: _Hlk101625774]In the unified TCI framework, a new paradigm for beam updates has been introduced. The TCI field in DCI has been repurposed, and the beam switch timing has been defined to occur a certain time (BeamAppTime_r17) after the ACK corresponding to the DCI has been transmitted. Care has been taken so that the beam switch timing occurs at a slot border, for all the CCs that are affected by the switch.
However, there are also transmissions that occur across slot border, e.g., multi-slot PDSCH configured either by the Rel-15 parameter pdsch-AggregationFactor or by the Rel-16 parameter repetitionNumber within the configured TDRA table. For the purpose of unified TCI, PDSCH and PUSCH are relevant: it may be so that the beam is updated between two slots of the multi-slot PDSCH/PUSCH allocation. Here we note that there are no exceptions to the beam switching timing: the beam is updated at the configured point in time, which would imply that different slots in a multi-slot PDSCH or multi-slot PUSCH allocation may use different beams in case there is a beam update in the middle of an allocation for the case of unified TCI. 
We note that this is in contrast to Rel-15/16, where TCI state updates are not allowed within the time span of a multi-slot PDSCH as shown in the highlighted excerpt from 38.214 shown below. The Rel-15/16 behavior is that if the time offset between the DCI and the first slot of the multi-slot PDSCH (there is only one PDSCH for a multi-slot PDSCH, and the beginning of that PDSCH is the beginning of the first slot) is equal to or greater than timeDurationForQCL then the beam (TCI state) indicated by DCI is applied for all slots. Furthermore, the gNB is restricted from activating new TCI states by MAC-CE during the time span of the multi-slot PDSCH. Excerpt from 38.214, Clause 5.1.5
[bookmark: _Hlk530421126]If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. For a single slot PDSCH, the indicated TCI state(s) should be based on the activated TCI states in the slot with the scheduled PDSCH. For a multi-slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state(s) should be based on the activated TCI states in the first slot with the scheduled PDSCH(s), and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH(s). When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and a corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.

In our understanding, the above excerpt from 38.214 is relevant only for Rel-15/16 TCI states (configured by the higher layer parameter TCI-State highlighted in green), and does not apply for Rel-17 unified TCI, i.e. if DLorJoint-TCIState is configured. It can be further discussed if a TP is needed for the above excerpt of 38.214 to clarify this.
Based on this discussion, we propose the following:
[bookmark: _Hlk101627871][bookmark: _Toc101783071]For Rel-17 unified TCI, do not introduce any exception for the application time for the indicated TCI. This means that for multi-slot PDSCH, a beam update is allowed during the time span of the multiple slots. Further discuss if a TP is needed to clarify this in 38.214 Section 5.1.5.
2.7	Alignment between 38.214 and 38.331
RAN1 has introduced a new reporting quantity, which makes it possible for the UE to report the maximum number of SRS ports it supports for an UL transmission. This is mentioned in 38.214 in a few places, for example
Excerpt from 38.214, Clause 5.2.1.4.4
When the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ' cri-RSRP-Capability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index' an index of UE capability value set, indicating the maximum supported number of SRS antenna ports, is reported along with the pair of SSBRI/CRI and L1-RSRP. 
We propose to align the terminology with 38.331:
    reportQuantity-r17                  CHOICE {
        cri-RSRP-Index-r17        NULL,
        ssb-Index-RSRP-Index-r17  NULL,
        cri-SINR-Index-r17       NULL,
        ssb-Index-SINR-Index-r17  NULL

Essentially, “Capability[Set]Index” should be changed to “Index”. We also propose to use reportQuantity-r17, to avoid confusion with the Rel-15 parameter.
[bookmark: _Hlk61857909]Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The maximum number of pathloss RSs for unified TCI is 64.
Proposal 2	When the NW configures Uplink-powerControl-r17, the corresponding power control parameters should not be provided in PUCCH-PowerControl, PUSCH-PowerControl or SRS-Config.
Proposal 3	An explicit PCI, or AdditionalPCIIndex-r17, is needed for the MPE resource configuration.
Proposal 4	Clarify that the UE may determine the set from a DLorJointTCIState in addition to a TCI-State.
Proposal 5	If configured to do so, the UE always applies the currently indicated TCI state to PDSCH and aperiodic CSI-RS.
Proposal 6	To calculate the Type 1 power headroom based on a reference PUSCH, the UE uses the pathloss reference signal associated with the activated TCI state.
Proposal 7	The UE should always rate match around the SSBs transmitted from the cell from which the UE receives the PDSCH.
Proposal 8	For Rel-17 unified TCI, do not introduce any exception for the application time for the indicated TCI. This means that for multi-slot PDSCH, a beam update is allowed during the time span of the multiple slots. Further discuss if a TP is needed to clarify this in 38.214 Section 5.1.5.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref31185007][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-211586, Revised WID: Further enhancements on MIMO for NR, Samsung, RAN#92e, June 2021 
[bookmark: _Ref83548941][bookmark: _Ref53994573]3GPP TS 38.213 V17.1.0, NR; Physical layer procedures for control, RAN#95-e, March 2022
3GPP TS 38.214 V17.1.0, NR; Physical layer procedures for data, RAN#95-e, March 2022

	4/4	
