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1. Introduction
Based on Rel-17 WID for FeMIMO [1], improvement for beam management is required towards the direction of a unified DL/UL approach in consideration of multi-TRP scenario. Additionally, further effort on reducing signaling overhead of beam indication is identified. In RAN1#103-e, substantial progress on multi-beam enhancements has been made on various aspects. In this contribution, we provide our view and analysis specifically on unified TCI framework, UL panel selection, and MPE mitigation.
2. [bookmark: _Ref47709495]Unified Framework for DL and UL Beam Indication 
Agreement [3]
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured
Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· 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: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.
Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 
Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism
Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels

Common beam indication
In RAN1#103-e, a PDSCH-beam-indication-like framework was agreed for common beam indication, applicable for both joint and separate DL/UL beam indication. DCI format 1_1/1_2 was also agreed to be reused for common beam indication purpose, and an acknowledgement mechanism for indicating successful decoding of beam indication DCI is supported. It appears that the fundamental framework for common beam operation is gradually taking shape, but with details left to be clarified.
From joint DL/UL indication point of view, reusing existing DL DCI formats is feasible and can be devised without much impact to current mechanism. However, it is not clear how to indicate UL beam (UL-only TCI state) in separate DL/UL beam operation case. From L1 indication perspective, neither DL DCI nor UL DCI formats are ruled out currently. For discussion in this regard, indication acknowledge should be considered at the same time for unity. Without going into details, we analyze different conceptual approaches below:
· Reusing DL DCI format for UL-only beam indication. Reusing DL DCI format for UL-only beam indication needs a new mechanism for identifying if TCI indication field is meant for joint DL/UL beam, DL-only, or UL-only, unless e.g., DL TCI and UL TCI are individually provided in a DL DCI all the time. If there is only one TCI field in DL DCI format as it is now, one needs to further consider the possibility of DL-only/UL-only beam indication without DL assignment by DL DCI. On the other hand, from acknowledge perspective, L1 acknowledgement mechanism can be unified easily.
· Reusing UL DCI format for UL-only beam indication. Introducing the capability of UL-only beam indication for UL DCI is likely to align with the intention of applying UL TCI for UL beam indication since in both cases, UL TCI field may need to be introduced in UL DCI format. For this approach, one of the challenges may come from acknowledgement part since neither L1 nor L2 acknowledgement has been defined in current specifications for UE to report its successful reception of an UL DCI explicitly. 
· Using new DCI format for UL-only beam indication. More flexibility can be achieved by introducing a new DCI format for all sorts of beam indication purpose: joint DL/UL beam, DL-only beam, UL-only beam. However, it is not easy to justify the effort of an entirely new format simply for such flexibility. A tradeoff can be achieved by extension of existing DCI formats. Considering joint design with acknowledgement mechanism, one possibility is to reuse SPS release command DCI or CG Type 2 activation/release DCI. In both cases, acknowledgement mechanism has been defined in principle, though minor modification may still be needed to tailor for this application.
[bookmark: _Ref61957594]Observation 1: common beam indication signaling should be jointly considered with its acknowledgement mechanism.
[bookmark: _Ref61957600]Proposal  1: Support extending existing DCI formats for UL-only beam indication.
Joint TCI
To optimize signaling overhead reduction, a same indication should be allowed to apply on both DL and UL beam. This is functional at least for beam correspondent UE. In principle, this may be achieved by either of the following two alternatives:
· Alt-1: Using only DL RS as source RS for DL/UL beam indication
· Alt-2: Using both DL RS and UL RS as source RS for DL/UL beam indication
To our understanding, using only UL RS as source RS for DL/UL beam indication is not preferrable from UE power consumption point of view. Additionally, its feasibility needs to be further studied since NR beam management principle relies on DL heavily. However, we do see the benefit by using UL RS as TCI source RS for reducing beam management overhead. Based on the above discussion, we think DL RS should be used as TCI source reference for DL/UL beam indication. Such support for UL RS can be further discussed among the group.
[bookmark: _Ref54375888]Proposal  2: Related to TCI source RS for indicating common beam on DL and UL channels/signals: 1) support DL RS as TCI source, and 2) UL RS is FFS
Applicable channels/signals for common beam 
While common beam concept should be applied to as many channel/signals once introduced, one should pay attention on some channels/signals whose functional nature is not suitable for such purpose. In RAN1#103-e, it was agreed to support applying UL TX spatial filter for separate UL common beam to SRS resources configured for antenna switching/codebook-based/non-codebook-based UL transmission. However, in this regard and extending the discussion to DL case, the following points need to be sorted out for clarification
· A non-codebook-based SRS resource set is associated with an AssociatedCSI-RS resource for learning UL channel based on DL channel sounding. Channel reciprocity property is utilized in non-codebook-based transmission mode. When such property does not exist, e.g., when separate DL/UL beam indication is applied, AssociatedCSI-RS should not be configured. On the other hand, when channel reciprocity property is guaranteed, AssociatedCSI-RS can follow common beam indication since its experiences same channel characteristics as data channel. Essentially, we think the use case of non-codebook-based transmission mode when separate DL/UL beam is indicated should be clarified.
· There are different types of CSI-RS: for CSI measurement, for beam management, for tracking. Since common beam indication intends to provide at least data channel beam, it is sensible to apply the concept for CSI-RS for CSI. On the other hand, CSI-RS for beam management and for tracking should not follow common beam indication since these two types of CSI-RS are meant to provide synchronization information in spatial and time/frequency domain for training purpose, and the training is not limited to channels with actual communication needs. With that being said, it is worth mentioning that for CSI-RS-BM with repetition “on”, we on the contrary see the benefit of following common beam. CSI-RS-BM with repetition “on” is basically used for refining UE-side RX beam, with the gNB beam fixed. The fixed gNB beam is most likely a selected beam for data transmission. 
· Similar concerns as CSI-RS-BM for the following signals
· SSB
· SRS-BM
[bookmark: _Ref54375874]Proposal  3: Applicability of following signals/channels should be justified: CSI-RS-BM (not including repetition ‘on’), SSB, SRS-BM, SRS-nonCodebook.
Number of common beams: M & N
Multi-TRP scenario is the major scenario to be addressed in Rel-17 FeMIMO scope. Particularly, multi-TRP consideration has been assumed for reliability enhancement, PDSCH throughput enhancement and panel-based fast UL beam selection. As such, we think multi-TRP assumption should also be considered in common beam indication design, meaning that the value of M and N can be larger than 1. It is noted that multiple common beam assumption should be applicable for both joint and separate DL/UL beams.
[bookmark: _Ref54375875][bookmark: _Ref61957666]Proposal  4: Enable common beam indication in multi-TRP scenario by supporting more than 1 DL and UL common beams.
Default beam
With the agreement on PDSCH-beam-indication-like framework and explicit acknowledgement mechanism for common beam indication, an indicated common beam should be applied only after its corresponding acknowledgement is sent. Since the acknowledgement takes place only after PDCCH decoding, timeline-wise, there seems no ambiguity whenever L1 beam indication is received. For the case where TCI states have been activated by MAC-CE but L1 indication is not yet received, it was agreed that at least for single activated TCI state, the activated TCI state is applied as default. For other cases, TCI state assumption should be clarified:
· When more than 1 TCI state is activated but before L1 indication: Such case may happen when 1) common beam is configured to be operational from a non-common beam state, and 2) >1 TCI state is activated from a state where only 1 TCI state is activated. This is a relatively straightforward case. It is possible to maintain previous receiving state until L1 indication, or simply assuming a pre-specified activated TCI state.
· When more than one common beam is supported and configured: this may be specifically of concern in multi-TRP scenario. For example, 2 common beams are configured for operation. In this case, even when only two TCI states are activated by MAC CE, the UE needs to decide how to associate these two activated TCI states with 2 configured common beams. It is noted that UE also needs to figure out the relationship of an activated TCI state with a TRP. 
[bookmark: _Ref54375876]Proposal  5: if M>1 common beam is supported and configured, RAN1 to clarify the default TCI states when e.g., only 2 TCI states are activated.
Common TCI state ID update and activation across CCs
It is consensus to support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs during RAN1#103-e. This is similar as in Rel-16 scope where QCL-TypeA RS shall be in the same CC as the target channel or target RS, and QCL-TypeD RS can be across CCs. In principle, shared QCL-TypeD reference concept is applicable to intra-band CCs where long-term channel characteristics are similar. The same statement is not necessarily true for inter-band CCs. While signaling-wise, we do not need to limit the specifications in anyway, but in practice, allowing not sensible possibility would introduce un-necessary ambiguity in realistic network.
[bookmark: _Ref61957676]Proposal  6:  Common TCI state ID update and activation across inter-band CCs should not be introduced before proper justification.
3. UL Fast Panel Selection
Agreement [3]
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 

Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

In Rel-17, a UE with multiple panels is considered, and accordingly network scheduling for DL or UL could be panel-specific for a Rel-17 compatible UE. For DL, if not all panels could be used for DL receptions simultaneously, network may indicate UE which panel(s) are used for current DL reception. For UL, as implied by WI objectives, only one panel is indicated by network to perform a configured or scheduled UL transmission among a set of active panels. The set of active panels is most likely simply a subset of total UE panels. 
Irrespective of an UL panel selection/activation mechanism is UE-initiated or gNB-initiated, a common understanding between gNB and UE on active UE panels is the baseline requirement for enabling fast panel selection. Otherwise, network may schedule a DL or UL transmission, which is indicated to perform via a deactivated panel. Per RAN1#103-e agreements on “UE-initiated UL panel selectin/activation”, it seems to imply that UE should be able to decide at least the number of activated UE panels. Further, from the agreed use cases on MPE and power saving, the UE should be able to activate/deactivate a subset of UE panels based on its decision. On the other hand, from scheduling aspect, the gNB should at least indicate/select a transmission panel for UL transmission. In summary, at least the following signaling is needed for supporting UE-initiated UL panel selection/activation:
· indicate to switch from one active panel to another active panel for UL transmission by the NW
· reporting panel status (activated/deactivated ones) by the UE for supporting panel selection.
[bookmark: _Ref47714572]Proposal  7: to enable fast panel selection operation, support the following signaling:
· [bookmark: _Toc7786350][bookmark: _Toc7786660][bookmark: _Toc7786782][bookmark: _Toc7785234][bookmark: _Toc7785306][bookmark: _Toc7785864][bookmark: _Toc7786090][bookmark: _Toc7791079][bookmark: _Toc7791265][bookmark: _Toc7791469][bookmark: _Toc7791717][bookmark: _Hlk7791848]NW signaling
· [bookmark: _Toc7785307][bookmark: _Toc7785865][bookmark: _Toc7786091][bookmark: _Toc7786351][bookmark: _Toc7786661][bookmark: _Toc7786783][bookmark: _Toc7791080][bookmark: _Toc7791266][bookmark: _Toc7791470][bookmark: _Toc7791718]indication to select UL transmission panel from currently active panels
· [bookmark: _Toc7785308][bookmark: _Toc7785866][bookmark: _Toc7786092][bookmark: _Toc7786352][bookmark: _Toc7786662][bookmark: _Toc7786784][bookmark: _Toc7791081][bookmark: _Toc7791267][bookmark: _Toc7791471][bookmark: _Toc7791719]indication to request a number of panels to be activated/deactivated based on UE capability
· [bookmark: _Toc7785235][bookmark: _Toc7785309][bookmark: _Toc7785867][bookmark: _Toc7786093][bookmark: _Toc7786353][bookmark: _Toc7786663][bookmark: _Toc7786785][bookmark: _Toc7791082][bookmark: _Toc7791268][bookmark: _Toc7791472][bookmark: _Toc7791720]UE reporting
· [bookmark: _Toc7785310][bookmark: _Toc7785868][bookmark: _Toc7786094][bookmark: _Toc7786354][bookmark: _Toc7786664][bookmark: _Toc7786786][bookmark: _Toc7791083][bookmark: _Toc7791269][bookmark: _Toc7791473][bookmark: _Toc7791721]Report to indicate information of currently activated panels
4. MPE Mitigation
Agreement [2]
1. [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: 
0. If needed, identify candidate solutions to be down-selected in future meeting(s). The following sub-categories can be used:
0. CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
0. 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
0. 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
0. 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
0. Note: This may be related to outcome of issue 4b)
0. Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions
Agreement [3]
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:
· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported
· FFS: Maximum reported number of panels, e.g. single or multiple  
· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:
· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content
· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 
· Note: Other options are not precluded
· FFS: Whether the above reporting is triggered by UE or configured by NW

Maximum Permissible Exposure (MPE) put requirements on the radiated electric fields, magnetic fields and power density, which is derived based on the Specific Absorption Rate (SAR) at which human tissue absorbs RF energy. Human body exposure to RF energy emitted from UE depends highly on transmission direction of selected TX beam. To deal with the issue, RAN4 solution provides P-MPR reporting so that UE maximum transmission power can be adjusted to fulfill MPE requirements.
Per RAN1#102-e agreement, RAN1 MPE candidate solutions can be divided into 3 sub-categories: CAT0) MPE event detection, CAT1) MPE event reporting, and CAT2) NW-signaling/UE-behavior in response to reported MPE event. RAN1#103-e agreements focus on UE reporting information for a detected MPE event. The information under discussion includes MPE event notification as well as supplemental information for MPE cause and resolution. In principle, to alleviate MPE effect, panel switch for UL transmission is likely. In case that only one panel is active for panel selection in UL direction, the MPE event needs to trigger panel activation, followed by properly beam reporting. Apparently, a replacement panel/beam may not be available when MPE event is detected. Instead, MPE mitigation should be jointly considered with panel selection design, as implied by agreed use cases for fast UL panel selection. Essentially, there is no need to have a specific procedure for MPE mitigation. Rather, enough reporting tools/content should be guaranteed in a more generic manner.
[bookmark: _Ref54375879][bookmark: _Ref61957683]Proposal  8: MPE report to leverage the signaling devised for fast UL panel selection.
5. Conclusion
According to the discussion above, we have the following observations and proposals:
Observation 1: common beam indication signaling should be jointly considered with its acknowledgement mechanism.
Proposal  1: Support extending existing DCI formats for UL-only beam indication.
Proposal  2: Related to TCI source RS for indicating common beam on DL and UL channels/signals: 1) support DL RS as TCI source, and 2) UL RS is FFS
Proposal  3: Applicability of following signals/channels should be justified: CSI-RS-BM (not including repetition ‘on’), SSB, SRS-BM, SRS-nonCodebook.
Proposal  4: Enable common beam indication in multi-TRP scenario by supporting more than 1 DL and UL common beams.
Proposal  5: if M>1 common beam is supported and configured, RAN1 to clarify the default TCI states when e.g., only 2 TCI states are activated.
Proposal  6:  Common TCI state ID update and activation across inter-band CCs should not be introduced before proper justification.
Proposal  7: to enable fast panel selection operation, support the following signaling:
· NW signaling
· indication to select UL transmission panel from currently active panels
· indication to request a number of panels to be activated/deactivated based on UE capability
· UE reporting
· Report to indicate information of currently activated panels
Proposal  8: MPE report to leverage the signaling devised for fast UL panel selection.
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