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Introduction
In RAN1#102e meeting, the following agreement on multi-beam operation was achieved:
Agreement 
Note: the enumeration for issues (such as “issue 1a), 1b), 6) in the proposal below refers to the enumeration within the proposals, not Table 1 in the FL summary.
·  [Issue 1] For Rel.17 NR FeMIMO, on the unified TCI framework
a) Support joint TCI for DL and UL based on and analogous to Rel.15/16 DL TCI framework
· The term “TCI” at least comprises a TCI state that includes at least one source RS to provide a reference (UE assumption) for determining QCL and/or spatial filter 
· The source reference signal(s) in M TCIs provide common QCL information at least for UE-dedicated reception on PDSCH and all or subset of CORESETs in a CC
· FFS: Optionally this common QCL information can also apply to CSI-RS resource for CSI, CSI-RS resource for BM, and CSI-RS for tracking
· FFS: Applicability on PDSCH includes PDSCH default beam
· Working Assumption: Select between M=1 and M>=1
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC, 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· FFS:  applicability of this UL TX spatial filter to SRS configured for beam management (BM)
· FFS: PUSCH port determination based on the TCI, e.g., to be mapped with SRS ports analogous to Rel.15/16
· Working Assumption: Select between N=1 and N>=1
· FFS: extension to common QCL information applied to only some of the CORESETs or PUCCH resources in a CC, e.g. for mTRP 
· FFS: When used for the purpose of joint beam indication for UL and DL, whether a joint TCI pool for DL and UL dedicated for the purpose is used, or the same TCI pool as that used for the purpose of separate DL/UL beam indication is used 
· Note: The resulting beam indication directly refers to the associated source RS(s)
· FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
· FFS (RAN1#103-e): The supported number of active TCI states considering factors such as multi-TRP and issue 6 
· FFS (RAN1#103-e): Applicable QCL types, and co-existence with DL TCI and spatial relation indication in Rel.15/16
b) In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives for accommodating the case of separate beam indication for UL and DL
· Alt1. Utilize the joint TCI to include references for both DL and UL beams
· Alt2. Utilize two separate TCI states, one for DL and one for UL. The TCI state for the DL is the same as agreed in 1a. The TCI state for the UL can be newly introduced.
· Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
· Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
· Note: The resulting beam indication directly refers to the associated source RS(s)
· FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
· Note: This may be related to issue 5 as well as other reasons for different TCIs such as network flexibility/scheduling
c) Support the use of SSB/CSI-RS for BM and/or SRS for BM as source RS to determine a UL TX spatial filter in the unified TCI framework
· Whether the UL TX spatial filter corresponds to UL TCI (separate from DL TCI) depends on the outcome of 1b) above
· FFS: Support the use of non-BM CSI-RS and/or non-BM SRS in addition
d) In RAN1#103-e, decide if SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework
e) In RAN1#103-e, decide/finalize all other parameters included in or concurrent with (but not included in) the TCI, e.g. UL-PC-related parameters (involving P0/alpha, PL RS, and/or closed loop index), UL-timing-related parameters  
f) In RAN1#103-e, identify issues pertaining to alignment between DL and UL default beam assumptions using the unified TCI framework
· [Issue 2] For Rel.17 NR FeMIMO, on L1/L2-centric inter-cell mobility: 
a) In RAN1#103-e, finalize scope and use cases for L1/L2-centric inter-cell mobility, including: 
· Applicability in various non-CA and CA setups such as intra-band and inter-band CA
· Use cases in comparison to Rel.15 L3-based handover (HO) taking into account potential extension of DAPS-based Rel.16 mobility enhancement to FR2-FR2 HO
· The extent of RAN2 impact (MAC CE, RRC, user plane protocols)
· Network architecture, e.g. NSA vs. SA, inter-RAT scenarios
b) In RAN1#103-e, depending on the outcome of 2a), further identify additional components –along with the associated alternatives –required for supporting inter-cell mobility based on the same unified TCI framework as that for intra-cell mobility (including dynamic TCI state update signaling), including
· Method(s) for incorporating non-serving cell information associated with TCI
· Method(s) for DL measurements and UE reporting (e.g. L1-RSRP) associated with non-serving cell(s)
· [bookmark: _Hlk49275654]UE behavior for reception of signals and non-UE-specific control and data channels associated with non-serving cell(s) 
· UL-related enhancements, e.g. related to RA procedure including TA
· Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility
· [Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
a) In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives:
· Alt1. DCI
· Alt2. MAC CE
· Note: Combination between DCI and MAC CE for, e.g. different use cases or control information partitioning can also be considered 
· Note: The study should consider factors such as feasibility for pertinent use cases, performance (based on at least the agreed EVM), overhead (including PDCCH capacity), latency, flexibility, reliability including the support of retransmission 
· Note: This may be related to outcome of issue 1a), 1b), and 6a)
b) In RAN1#103-e, depending on the outcome of 3a), identify candidates for more detailed design issues for the dynamic TCI state update such as 
· Exact content 
· Signaling format 
· Reliability aspects including the support of retransmission
· Extensions, including the support of UE-group (in contrast to UE-dedicated) signaling
· [Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
a) The following assumptions are used: 
· In terms of RF functionality, a UE panel comprises a collection of TXRUs that is able to generate one analog beam (one beam may correspond to two antenna ports if dual-polarized array is used)
· UE panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP 
· No beam correspondence across different UE panels
· FFS: For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA.
· FFS: Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
b) In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
c) In RAN1#103-e, identify candidate signaling schemes for the following:
· NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
· MP-UE to NW
· [Issue 5] For Rel.17 NR FeMIMO, on MPE mitigation (that is, minimizing the UL coverage loss due to the UE having to meet the MPE regulation), in RAN1#103-e: 
a) If needed, identify candidate solutions to be down-selected in future meeting(s). The following sub-categories can be used:
· CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
· CAT1. The need for UE reporting associated with an MPE and/or a potential/anticipated MPE event if the UE selects a certain UL spatial resource, e.g., corresponding to DL or UL RS
· CAT2. The need for NW signaling in response to the reported MPE event (taking into account issue 1) and UE behavior after receiving the NW signaling
· Note: RAN4 has agreed to specify P-MPR reporting (cf. CRs for TS 38.101/102/133) which can be used as a baseline scheme for further enhancement
· Note: This may be related to outcome of issue 4b)
b) Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions
· [Issue 6] For Rel.17 NR FeMIMO, 
a) add another category on performing study and, if needed, specifying feature(s) for beam acquisition (including beam tracking and refinement) latency reduction, especially for scenarios with high-speed UEs and large number of configured TCI states 
b) Partial BFR will be handled in ITEM 2c (BM enhancement for mTRP) 

In this contribution, we discuss the enhancement on beam management operation for Rel-17 MIMO. Our views on unified TCI framework, inter-cell mobility and UE panel selection would be presented. 

Enhancement on beam management
Unified TCI framework

It was agreed that TCI is used to indicate the common beam for both DL and UL. Per our understanding, there are four possible use cases for the common beam, i.e. a common beam is used for both DL and UL, two different common beams are used for UL and DL (i.e. UL channels share a common beam and DL channels share another common beam) respectively, a common beam is used only for DL (i.e. DL channels share a common beam but PUSCH and PUCCH use separate beams) and a common beam is used only for UL (i.e. UL channels share a common beam but PDSCH and PDCCH use separate beams). Referring to the agreement, per our understanding, the common beam indication means indicating a single common beam for both UL and DL. The separate beam indication means indicate a single common beam for UL(DL) and/or indicate another common beam for DL(UL). Therefore, the first use case belongs to joint beam indication for UL and DL, and the latter three cases belong to separate beam indication. In RAN1#103e, one task is TCI pool design to support these use cases. For the case of separate beam indication, there are two alternatives on beam indication, i.e.

· Alt-1: Utilize one TCI state to include references for both DL and UL beams 
· Alt-2: Utilize two separate TCI states, one for DL and one for UL
Alt-1 unifies indication schemes of joint beam indication and separate beam indication, where only one TCI state is used. Alt-2 needs to distinguish joint or separate beam indication, which makes the beam indication scheme more complex with different signaling design. In addition, as UL beam indication needs power control related parameters, the DL TCI state may be different from the UL TCI state. As the DL TCI state pool has been specified in Rel-15/16, a UL TCI state pool has to be additionally introduced. For Alt-1, only one TCI state pool is needed, which is named as common TCI state pool. Each TCI state is preferred to include at most two Type D source RSs. The number of QCL fields varies with different TCI state (e.g. some TCI state includes one QCL, and some TCI state includes three QCLs), which is feasible to be applied to all the use cases. 

Table 1 shows one example of common TCI state. The mentioned four use cases could be indicated as follows:

· To indicate the common beam for both UL and DL, QCL-1 and QCL-2 have to be configured.
· To indicate two different common beams for UL and DL, QCL-1, QCL-2 and QCL-3 have to be configured, where the two Type D source RSs are different
· To indicate the common beam for DL only, QCL-1 and QCL-3 could be configured.
· To indicate the common beam for UL only, QCL-2 has to be configured.

Table 1: Common TCI state
	TCI-state-ID

	QCL-1 (Optional)
	QCL-2 (Optional)
	QCL-3 (Optional)

	CC
	CC
	CC

	BWP
	BWP
	BWP

	Source RS
	Source RS
	Source RS

	Type A/B/C
	Type D
	Type D

	
	FFS: Pathloss RS/(alpha,P0)/Close loop index
	




The configuration of power control related parameters (e.g. pathloss RS, (alpha, P0)) is a UL unique issue. In Rel-15/16, for PUCCH, the reference RS for SpatialRelationInfo and PathlossReferenceRS are separately configured by RRC. When activated by MAC-CE, UE may use different beams for PUCCH and path loss estimation. For PUSCH, pathloss RS and UL beam are both indicated by SRI, but with separate reference RS lists. Although there is no relationship between the configurations of SpatialRelationInfo and PathlossReferenceRS, the beam information and power control parameters are simultaneously updated. Based on such principle, when common TCI is introduced, two possibilities could be considered to indicate the power control parameters:

· Alt-1: Power control parameters are included in the common TCI state
· Alt-2: Power control parameters are associated with (but not included in) the common TCI state
Alt-1 leads to a larger number of common TCI states, since for the same QCL information, it could be associated with different power control parameters. Alt-2 needs to establish associations between TCI states and the power control parameters. If Alt-2 is supported, one method could be configuring a power control parameter list by RRC. MAC-CE is used to select a set of power control parameters. During common beam indication, the TCI state index corresponds to one TCI state and one power control parameter. This TCI state is associated with the power control parameter. Generally, we are fine with either Alt-1 or Alt-2, therefore the field in Table 1 is denoted as FFS. To avoid an excessive TCI state pool, Alt-2 is slightly preferred. 

Proposal-1:A common TCI state pool is utilized for joint UL/DL beam indication and separate UL/DL beam indication. Each TCI state includes either one or two references for UL and DL beams.

For either DL or UL, both data and CUE-dedicated control experience the same physical channel. In the case of single TRP, there is only one spatial channel, where a single common beam is enough. Considering different BLER requirements on data and control channel, some companies proposed to employ more than one common beams to enhance the robustness. For example, as proposed in [1], two common beams with different beam width are employed. The wide beam is shared between DL and UL control channel, and the narrow beam is shared between DL and UL data channel. This scheme falls back to Rel-15/16, where different channels are controlled individually. As mentioned in [2], different requirements could be handled via power control and MCS selection instead. Multiple common beams are not strongly motivated in our opinion. Similarly, due to one spatial channel of single TRP, the single common beam should be applied to all the 3 CORESETS and 128 PUCCH resources in one BWP of one CC. In the case of multi-TRP, as multiple spatial channels exist, multiple common beams have to be employed. In this scenario, one common beam is applied between UE and one TRP. From our perspective, the first step of unified TCI framework should focus on single TRP scenario. For multi-TRP, extension would be discussed after single TRP scenario is finalized.

Proposal-2: For either UL or DL, only one TCI state is used to indicate common beam, i.e. M=1 and N=1.
Proposal-3:The common beam should be applied to all the CORESETs and/or PUCCH resources within a CC.

For intra-band and inter-band CA, the common beam operation aims to update the common beams of multiple CCs simultaneously. This is implemented by updating common TCI states of multiple CCs. If a single common TCI pool is applied to all the CCs or a part of CCs, such simultaneous TCI state update would be much easier with smaller RRC configuration overhead, where a single TCI state instead of multiple TCI states is indicated. This implies that the same TCI is used on multiple CCs. Although spatial filter parameter is possible to be shared across multiple CCs, QCL Type A/B/C source RS can not be shared between different CCs. Therefore, the common TCI state pool has to be defined per BWP per CC unless only QCL Type D is included in the pool. As Type A/B/C is usually required for DL channel, the Type D only common TCI state pool is incomplete. Similar as current CC grouping method in Rel-15/16, the CCs are divided into N groups. A single command is used to update the common TCI state(s) of N CC groups or a single CC group. For example, CC group 1 includes the following CCs as given in Figure 1. For the active BWP of each CC, a common TCI state pool is configured (i.e. common TCI state pool-0 for CC-0, common TCI state pool-2 for CC-2, ...). When the common beam command indicates TCI state 3 for this CC group, the common TCI states 3 of its corresponding TCI state pool is applied for each CC. If TCI state 6 is indicated, the common TCI states of all these CCs would change to their individual common TCI state 6 simultaneously.

[image: ]
Figure 1: Common beam update for a CC group

Proposal-4: Common TCI state pool can be configured per BWP per CC. Similar to Rel-16, CC group list is employed and CC group based TCI state update is supported. 

According to the agreement, the TCI state for common beam indication may be based on DCI or MAC-CE. The pros and cons are compared below:

DCI-based
· Pros: Faster beam adaptation than MAC-CE (for MAC-CE, extra processing including L1 and L2 information exchange at the UE side).
· Cons: higher spec impact.
MAC-CE based 
· Pros: More reliable than DCI due to the HARQ process. Potentially lower specification impact. 
· Cons: Larger delay than L1. 
As mentioned in the WID, latency reduction is a main target in Rel-17, especially for high speed UE where fast beam switching is required. As such, DCI-based indication is slightly preferred from our perspective. The robustness issue could be solved by introducing the HARQ procedure, where PUCCH resource carrying HARQ would be included in the DCI. According to [3], the BLER error rate of PDCCH is significantly lower than that of PDSCH. Then MAC CE-based beam indication requires more retransmissions than DCI-based beam indication to achieve the same error rate. In this way, DCI-based indication still has lower delay with the HARQ process employed. In case DCI-based signaling is adopted, the following candidate schemes are possible: 

· Alt-1: Define a new UE-specific DCI, which is dedicatedly used for common beam indication.
· Alt-2: Adding a new DCI field in current UL/DL-grant DCI.
Alt-1 is straightforward and flexible due to UE-specific indication. Limited number of bits is sufficient to carry the beam information. However, in NR, the minimum bit length of DCI is 12bits, which is required by Polar codes. Then bit padding may be needed. In addition, to align with current DCI length, more bits have to be padded. In comparison, Alt-2 has smaller spec impact and the other information fields could be reused during common beam indication. Down-selection between alt-1 and 2 can be further discussed. 

Proposal-5: DCI beam indication is slightly preferred due to its lower latency, where either a new DCI or modified Rel-15/16 UL/DL-grant DCI could be considered.  

Another issue about common beam is the co-existence with DL TCI and spatial relation indication in Rel.15/16. This is related to the effective time of the common beam operation. During such effective time, the Rel-15/16 beam indications will not be processed and would be dropped. Beyond the effective time, each channel would steer its beam according to the corresponding beam indication using DL TCI or spatial relation information. Starting and ending of CB operation could be explicitly indicated or predefined in the spec. For example, an ‘ON/OFF’ state is indicated together with the common beam indication, or a timer is configured for the effective time, or the effective time is predefined as several slots in the spec and so on.

Proposal-6: Starting and ending of CB operation could be explicitly indicated or predefined in the spec.

In Rel-15/16, CORESET beam is defined as the default beam for each channel and RS. But there is misalignment between default beam of PUCCH and that of PDSCH. In the last meeting, some companies proposed to align the UL and DL default beam, so that the default beam could be used as the anchor beam for common beam operation. According to the agreement on unified TCI framework, TCI instead of the default beam is used to indicate the common beam. Then the default beam alignment seems not quite necessary. We prefer to maintain current default beam definition in Rel-17.

Proposal-7: The default beams of UL and DL defined in Rel-15/16 are maintained in Rel-17. 

L1/L2-centric inter-cell mobility
Rel-15/16 handover procedure mainly includes the following steps:

· Step-1: UE is configured with SSB and CSI-RS for mobility of other cells by serving gNB
· Step-2: UE measures and reports beam level SSB/CSI-RSRP, SSB/CSI-RSRQ, or SSB/CSI-SINR to serving gNB. (Note: This step is L3 based reporting) 
· Step-3: Serving gNB informs handover using handover signaling, which includes RRC reconfiguration information.
· Step-4: UE synchronizes to the neighboring cell and transmits PRACH. 
· Step-5: New data transmission from the neighboring cell.

These handover procedures, especially Step-3 (RRC reconfiguration) and Step-4 (PRACH transmission), result in large delay for UE. If data and control could be directly transmitted by the neighboring cell TRP without L3 handover when UE moves to a neighboring cell, the delay could be significantly reduced. Without handover, UE has to be configured with the neighboring cell information and would receive RS and control/data channels associated with neighboring cells. Following such basic mechanism, both DL-related and UL-related enhancements such as DL measurements and UE reporting associated with non-serving cells, RA procedures have to be considered.

DL-related enhancement

The major enhancement of DL is to enable UE to measure CSI-RS transmitted from the neighboring cell and report corresponding L1-RSRP or CSI results, prior to any L3-based handover. In current RRM procedure, UE is configured only with SSB and CSI-RS for measurement of the neighboring cell. In order to receive downlink data from the neighboring cell, beam and CSI between UE and the neighboring cell shall be acquired. For enhancement, measuring CSI-RS for beam management and CSI-RS for CSI acquisition from the neighboring cell should be supported. Since UE has to synchronize to the neighboring cell when measuring CSI-RS of the neighboring cell, PCI information of the CSI-RS resources have to be indicated. As mentioned in our previous contribution, the introduction of PCI enables SSB from the neighboring cell as QCL source in DL-TCI configuration. These TCI states could be configured to CSI-RS for CSI acquisition. If there is no TCI state (with PCI information) configured, e.g. for CSI-RS for beam management, the PCI information could be configured within the CSI-RS resource set to enable UE synchronizing to the corresponding neighboring cell before measuring.
UE reporting should follow the current CSI framework from our point of view. Within CSI framework, the inter-cell beam management could be realized. As the serving cell would collect L1-RSRP of multiple cells, multiple CSI report settings would be configured, where each setting corresponds to one cell. The serving cell could also configure a single CSI report setting to obtain CSI of the target cell.

Proposal-8: PCI information of the source RS is allowed to be configured in a TCI state
Proposal-9: Within CSI framework, if there is no TCI state configured, PCI could be included in the CSI-RS resource set/setting.

UL-related enhancement

In Rel-15/16, RA procedure aims to get C-RNTI and TA of the target cell. Without handover procedure, C-RNTI configured by the serving cell would remain unchanged when UE moves to the target cell. Then UE could receive the control channel transmitted from the target cell. TA of the target cell could also be adjusted by the serving cell without handover procedure. For details, UE would transmit any UL signals to the target cell with the TA indicated by the serving cell. Then the adjusted TA value could be estimated by the target cell and sent back to the serving cell. Thereafter, the TA value could be adjusted to the adequate value by the serving cell when UE moves to the target cell. If supported, the procedure of sending PRACH when UE moves to the target cell becomes not mandatory, which reduces the latency significantly.

Proposal-10: L3-based handover is not needed when UE moves to the target cell. 

For L1/L2-centric inter-cell mobility based on periodic reporting, if longer reporting periodicity is configured, the mobility latency would be increased. As a complementary, aperiodic reporting is also needed for faster RRM. Within the CSI framework, it is possible to trigger aperiodic reporting by the serving cell. Another alternative is to consider event-driven reporting. The event could be the case when UE detects L1-RSRP (measurement of the CSI-RS resource setting configured by the serving cell for periodic inter-cell mobility reporting) of the neighboring cell is higher than the serving cell. Then UE sends the initiated message through PRACH or SR. In addition, it would report the candidate CRI and RSRP of the target cell.

Proposal-11: Beam-level event-driven reporting may be considered for L1/L2-centric inter-cell mobility, which could be initiated through PRACH or SR. 

Uplink panel selection
One of the items in Issue 4 of RAN1-102e meeting agreement is: 
· In RAN1#103-e, identify candidate signaling schemes for the following:
· NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
· MP-UE to NW
It is up to the UE to determine which panels are activated, and how UL RS are mapped to UL panels. NW is not able to “observe” the panel but can measure the quality of UL RS. Through measuring and selecting RS resource, NW controls which UL panel is used for PUSCH/SRS/PUCCH. This has been the fundamental premise of LTE and NR and we haven’t seen a strong reason to deviate from this principle. In brief, our view is to retain the existing UL framework where Tx antennas/panels are controlled implicitly through RS resources. 

Proposal-12: Reuse LTE/NR principle that physical panel remains transparent to NW, and transmission property (e.g. QCL, panel, etc) is managed through RS resources. 

For SRS based UL beam management, QCL property (e.g. spatial beam, Tx panel) is managed through SRS resources. In Rel-15/16, SRS is provided as the spatialrelationinfo as the QCL reference for PUCCH/PUSCH, whereby the same UL panel of SRS is used for PUCCH/PUSCH. With the new UL-TCI framework, a similar mechanism can be provided, where the source RS of UL TCI provides QCL reference (e.g. UL panel) for target PUCCH/PUSCH. 

For DL RS based UL beam management, UE reports preferred DL beam as CRI. The optimal DL panel for the CRI, and all other non-reported candidate beam, is known to the UE through beam sweeping. If NW schedules UL transmission whose spatial reference points to a DL beam (e.g. DL RS), the same DL panel for receiving the DL beam should be used as UL panel. 

Proposal-13: UL TCI signaling from NW to MP-UE is used as implicit indication of UL panel for the target transmission (e.g. PUCCH/PUSCH).
· UE assumes the same UL/DL panel for transmitting/receiving the source RS in the UL-TCI state is used for the target signal. 

MPE issue
In RAN1-102e meeting, it is agreed that for MPE issue, candidate solutions need to be identified from the following sub-categories: 

· CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
· CAT1. The need for UE reporting associated with an MPE and/or a potential/anticipated MPE event if the UE selects a certain UL spatial resource, e.g., corresponding to DL or UL RS
· CAT2. The need for NW signaling in response to the reported MPE event (taking into account issue 1) and UE behavior after receiving the NW signaling

To mitigate the performance loss caused by MPE event, basically, we can consider it from the gNB side or from the UE side. From the gNB side, UL beam reporting can be considered. In NR Rel-15/ReL-16, DL beam reporting is supported for UE to report the preferred DL reception beams, where the RSRP is used as the beam/panel selection metric. However, the preferred beams for DL transmission might not be the preferred beams for Uplink transmission because the uplink transmission beam may meet MPE issue and power backoff may need to be considered. Thus, to improve uplink coverage, it’s beneficial for UE to report information for preferred uplink beams, e.g. CRI/SSBRI, which is independent from the DL beam reporting. To achieve this, gNB can configure UE to report the preferred UL beams. 
Suppose UE has two panels, Panel #1, Panel#2. gNB configures and transmits 4 CSI-RS resources to UE, i.e. CSI-RS1, CSI-RS2, CSI-RS3, CSI-RS4. CSI-RS1, CSI-RS2 is associated with Panel #1, while CSI-RS3, CSI-RS4 is associated with Panel #2. The association can be established by downlink beam sweeping. UE receives the 4 CSI-RS and measures the L1-RSRP values of each CSI-RS resources, i.e., L1-RSRP1,1, L1-RSRP1,2, L1-RSRP2,3, L1-RSRP2,4, where L1-RSRPi,j represents the L1-RSRP value of CSI-RS j on panel i. Then UE estimates uplink transmission power of the four beams P1,1, P1,2, P2,3 and P2,4 on the basis of each L1-RSRP values. Meanwhile suppose UE detects that panel #1 is blocked and determines the power backoff value is p_mpr1, UE compares P1,1 – p_mpr1, P1,2-p_mpr1, P2,3, and P2,4 and find the maximum value. E.g. P1,1 – p_mpr1, UE considers that the corresponding beam used for receiving CSI-RS1 on panel #1 will be the best beam for uplink transmission. UE reports CRI1 to gNB and after receiving the uplink beam reporting, gNB can indicate UE to use CRI1 for the subsequent UL transmission. 

Proposal-14: Support preferred uplink beam reporting from UE .e.g., CSI/SSBRI, independently for uplink transmission.

Conclusions
In this contribution, we focus on the enhancement on beam management operation for Rel-17 MIMO. Issues about unified TCI framework, inter-cell mobility and UE panel selection are discussed. We have the following proposals:
· For unified TCI framework:
Proposal-1:A common TCI state pool is utilized for joint UL/DL beam indication and separate UL/DL beam indication. Each TCI state includes either one or two references for UL and DL beams.
Proposal-2: For either UL or DL, only one TCI state is used to indicate common beam, i.e. M=1 and N=1.
Proposal-3:The common beam should be applied to all the CORESETs and/or PUCCH resources within a CC.
Proposal-4: Common TCI state pool can be configured per BWP per CC. Similar to Rel-16, CC group list is employed and CC group based TCI state update is supported. 
Proposal-5: DCI beam indication is slightly preferred due to its lower latency, where either a new DCI or modified Rel-15/16 UL/DL-grant DCI could be considered.  
Proposal-6: Starting and ending of CB operation could be explicitly indicated or predefined in the spec.
Proposal-7: The default beams of UL and DL defined in Rel-15/16 are maintained in Rel-17. 

· For L1/L2-centric inter-cell mobility:
Proposal-8: PCI information of the source RS is allowed to be configured in a TCI state
Proposal-9: Within CSI framework, if there is no TCI state configured, PCI could be included in the CSI-RS resource set/setting.
Proposal-10: L3-based handover is not needed when UE moves to the target cell. 
Proposal-11: Beam-level event-driven reporting may be considered for L1/L2-centric inter-cell mobility, which could be initiated through PRACH or SR. 

· For uplink panel selection
Proposal-12: Reuse LTE/NR principle that physical panel remains transparent to NW, and transmission property (e.g. QCL, panel, etc) is managed through RS resources.
Proposal-13: UL TCI signaling from NW to MP-UE is used as implicit indication of UL panel for the target transmission (e.g. PUCCH/PUSCH)
· UE assumes the same UL/DL panel for transmitting/receiving the source RS in the UL-TCI state is used for the target signal. 

· For MPE issue 
Proposal-14: Support preferred uplink beam reporting from UE. e.g., CSI/SSBRI, independently for uplink transmission.
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