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1. Introduction
Based on Rel-17 WID for FeMIMO [1], improvement for beam management is required towards the direction of an unified DL/UL approach in consideration of multi-TRP scenario. Additionally, further effort on reducing signaling overhead of beam indication is identified. In RAN1#102-e, discussion has been focussed on a more detailed scope and issue prioritization in this regard, resulting in the following agreements [2]. In this contribution, we provide our views on the identified issues, with specific focus on unified TCI framework, UL panel selection, and MPE mitigation.
Agreement
The three proposals on R1-2007151 on the evaluation methodology for multi-beam enhancement are agreed.
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.
1.  [Issue 1] For Rel.17 NR FeMIMO, on the unified TCI framework
0. Support joint TCI for DL and UL based on and analogous to Rel.15/16 DL TCI framework
0. 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 
0. 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
1. 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
1. FFS: Applicability on PDSCH includes PDSCH default beam
1. Working Assumption: Select between M=1 and M>=1
0. 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, 
2. 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
2. FFS:  applicability of this UL TX spatial filter to SRS configured for beam management (BM)
2. FFS: PUSCH port determination based on the TCI, e.g., to be mapped with SRS ports analogous to Rel.15/16
2. Working Assumption: Select between N=1 and N>=1
0. FFS: extension to common QCL information applied to only some of the CORESETs or PUCCH resources in a CC, e.g. for mTRP 
0. 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 
0. Note: The resulting beam indication directly refers to the associated source RS(s)
0. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
0. FFS (RAN1#103-e): The supported number of active TCI states considering factors such as multi-TRP and issue 6 
0. FFS (RAN1#103-e): Applicable QCL types, and co-existence with DL TCI and spatial relation indication in Rel.15/16
0. 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
1. Alt1. Utilize the joint TCI to include references for both DL and UL beams
1. 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.
1. Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
1. Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
1. Note: The resulting beam indication directly refers to the associated source RS(s)
1. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
1. Note: This may be related to issue 5 as well as other reasons for different TCIs such as network flexibility/scheduling
0. 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
2. Whether the UL TX spatial filter corresponds to UL TCI (separate from DL TCI) depends on the outcome of 1b) above
2. FFS: Support the use of non-BM CSI-RS and/or non-BM SRS in addition
0. 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
0. 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  
0. In RAN1#103-e, identify issues pertaining to alignment between DL and UL default beam assumptions using the unified TCI framework
1. [Issue 2] For Rel.17 NR FeMIMO, on L1/L2-centric inter-cell mobility: 
1. In RAN1#103-e, finalize scope and use cases for L1/L2-centric inter-cell mobility, including: 
0. Applicability in various non-CA and CA setups such as intra-band and inter-band CA
0. 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
0. The extent of RAN2 impact (MAC CE, RRC, user plane protocols)
0. Network architecture, e.g. NSA vs. SA, inter-RAT scenarios
1. 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
1. Method(s) for incorporating non-serving cell information associated with TCI
1. Method(s) for DL measurements and UE reporting (e.g. L1-RSRP) associated with non-serving cell(s)
1. [bookmark: _Hlk49275654]UE behavior for reception of signals and non-UE-specific control and data channels associated with non-serving cell(s) 
1. UL-related enhancements, e.g. related to RA procedure including TA
1. Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility
1. [Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium: 
2. In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives:
0. Alt1. DCI
0. Alt2. MAC CE
0. Note: Combination between DCI and MAC CE for, e.g. different use cases or control information partitioning can also be considered 
0. 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 
0. Note: This may be related to outcome of issue 1a), 1b), and 6a)
2. 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 
1. Exact content 
1. Signaling format 
1. Reliability aspects including the support of retransmission
1. Extensions, including the support of UE-group (in contrast to UE-dedicated) signaling
1. [Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
3. The following assumptions are used: 
0. 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)
0. UE panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP 
0. No beam correspondence across different UE panels
0. FFS: For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA.
0. FFS: Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
3. In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
3. In RAN1#103-e, identify candidate signaling schemes for the following:
2. NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
2. MP-UE to NW
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: 
4. 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)
4. Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions
1. [Issue 6] For Rel.17 NR FeMIMO, 
5. 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 
5. Partial BFR will be handled in ITEM 2c (BM enhancement for mTRP) 
Note: The target “RAN1#103-e” is understood as best-effort, i.e. to finalize as many components as possible based on the status of companies’ contributions.
2. [bookmark: _Ref47709495]Unified Framework for DL and UL Beam Indication 
In FR2, beam indication is crucial for maintaining functional communication link between gNB and UE. We expect substantial impact on other objectives in FeMIMO WID when reshaping UL beam indication method and integrating it to TCI-based framework. Fundamental concept on how such unification of beam indication should be established with priority before many issues in other agenda items can be discussed accordingly.
Joint TCI
While joint TCI for DL and UL beam indication is agreed for support in RAN1#102-e, many details still need to be clarified. 
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  1: 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
Separate TCI
For non-beam correspondent UE, separate DL/UL common beam is needed. From MPE point of view, it is desirable that DL and UL beam are from different, e.g., panels, if RAN1-based MPE solution is supported. In RAN1#102-e, 3 alternative methods are proposed for down selection:
· 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
We think Alt2 family is more sensible and think Alt-1 does not seem efficient. To use TCI for beam indication, at least two steps are taken:
1. Configure a candidate set of TCI states by RRC
2. Indicate/activate one TCI state from the candidate set by MAC-CE or dynamic signaling
Predicting sensible combinations of DL beam and UL beam is very challenging, if not impossible. From Alt1 perspective, step-1 would need the NW to configure many possible DL/UL beam combinations in TCI states. In worst case, if the number of possible DL RS is x, and the number of possible UL RS is y, a total number of x*y TCI states are needed in order to cover all possibilities. It is noted that, if the cardinality of TCI candidate set cannot be maintained at a reasonable size, signaling overhead in step-2 will also be increased.
[bookmark: _Ref54375872]Proposal  2: for separate DL/UL common beam indication, utilize two separate TCI states: one for DL and one for UL (Alt2).
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.
· CSI-RS. 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
· AssociatedCSI-RS configured in non-codebook-based SRS resource set with usage “nonCodebook”. It is noted that non-codebook-based transmission mode utilize channel reciprocity property. 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.
· SRS with usage “nonCodebook”. Smilar concerns as AssociatedCSI-RS.
· CORESET-0 QCL assumption can be updated based on dedicated signaling based on Rel-16. From this perspective, common beam seems applicable. However, Rel-16 assumes single-cell scenario. With the possibility of inter-cell multi-TRP, UE behavior should be clarified on CSS PDCCH from different cells but same carrier.
[bookmark: _Ref54375874]Proposal  3: Applicability of following signals/channels should be justified: CSI-RS-BM (not including repetition ‘on’), SSB, SRS-BM, SRS-nonCodebook, CORESET-0 in inter-cell multi-TRP case.
Number of common beams: M
The number of common beam(s) to be support by UE simultaneously was under intensive discussion in last RAN1 meeting. To address the issue, we think common beam use cases should first be clarified. Particularly, whether multi-TRP scenario can be assumed. If not, in our opinion, M=1 common beam suffices. On the contrary, if yes, M>1 should be considered. In multi-TRP scenario, both single-PDCCH based and multi-PDCCH based scheduling can be configured. In both cases, a UE is required to perform reception based on >1 QCL assumptions.
[bookmark: _Ref54375875]Proposal  4: To decide whether M>1 common beams should be supported or not, RAN1 to clarify the use cases first. Particularly, RAN1 should clarify the applicability of common beam in multi-TRP scenario.
Default beam
Irrespective of DCI-based or MAC-CE based TCI update signaling, current proposals seem to suggest that a fixed beam application latency is needed. The fixed beam application latency is larger than PDCCH decoding latency. As a result, there seems no beam ambiguity for M=1 common beam case.
On the other hand, if M>1 is supported, UE channel monitoring behavior needs to be clarified. Specifically, outside PDCCH monitoring occasions, how does UE monitor, e.g., PDSCH channel during PDCCH decoding latency. Similarly, UL channel may suffer from the same issue if >1 common beam(s) is applicable for UL. For example, when separate PUCCH resources are used for HARQ-ACK feedback in multi-PDCCH based multi-TRP, how to associate different PUCCH resources with different common beams.
[bookmark: _Ref54375876]Proposal  5: if M>1 common beam is supported, RAN1 to clarify: 1) UE behavior during PDCCH decoding latency, and 2) association between PUCCH resources and UL common beams.
3. UL Fast Panel Selection
During Rel-16 scope, the following conclusion for UE panel has been reached
Conclusion (RAN1#98)
· From RAN1 point of view, a “UE panel” would be a logical entity and how to map physical UE antennas to the logical entity is up to UE implementation. 
· (Informative) For certain condition(s), gNB can assume the mapping between UE’s physical antennas to the logical entity “UE panel” activated for transmission will not be changed 
· FFS: Whether “UE panel” is transparent to gNB
· FFS: UE capability includes at least the number of “UE panels”.
· FFS: Whether/how to define the certain condition(s)
· For example: The duration of time over which the gNB assumes there will be no change
· For example: Until next update or report from UE
· (Informative) Depending on UE’s own implementation, a “UE panel” can have at least the following functionality as an operational role of 
· Unit of antenna group to control its Tx beam independently

While the mapping between a logical panel to a physical panel is UE implementation, for panel selection purpose, the gNB should be able to:
· indicate the activation or deactivation of a logical panel; and
· indicate to switch from one active panel to another active panel for UL transmission.
From UE perspective, deciding the number of active panels can involve other consideration, such as power consumption. When the energy level of UE battery is low, it is desirable for UE to activate simply one UE panel for transmission. Reporting such desire or reporting the intention to deactivate a subset of currently active panels seems sensible.
[bookmark: _Ref47714568]Observation 1: a common understanding between gNB and UE on active UE panels is baseline requirement for enabling fast panel selection.
[bookmark: _Ref47714572]Proposal  6: 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
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 MPE event reporting. In our opinion, 
· CAT0) is barely a solution since it is most likely already supported by UE if the UE supports current RAN4 solution. 
· CAT1) provides the gNB enough information for decisioning. Based on current spec, the NW may
· Change beam or panel for the UE to alleviate MPE issue by beam indication. New beam information can be based on normal beam reporting.
· Ignore MPE reporting. In this case, the UE will report P-MPR so that maximum transmission power is reduced. As a result, MPE requirement is fulfilled
· CAT2) further mandates gNB to take action after receiving MPE event reporting from UE. It is not clear to us the justification of the solution in this category. It is desirable that MPE issue shall be resolved with UL coverage consideration. UL coverage reduction based on RAN4 solution or based on change-of-UL-beam can be derived by the gNB, without further spec impact other than MPE event reporting. It is noted that MPE requirement is evaluated by averaging over a time window whose scale is significantly larger than the latency of either P-MPR reporting or MPE event detection reporting. 
[bookmark: _Ref54375879]Proposal  7: Support CAT1-based solution for MPE and discuss detailed signaling for MPE event reporting.
5. Conclusion
According to the discussion above, we have the following observations and proposals:
Proposal  1: 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  2: for separate DL/UL common beam indication, utilize two separate TCI states: one for DL and one for UL (Alt2).
Proposal  3: Applicability of following signals/channels should be justified: CSI-RS-BM (not including repetition ‘on’), SSB, SRS-BM, SRS-nonCodebook, CORESET-0 in inter-cell multi-TRP case.
Proposal  4: To decide whether M>1 common beams should be supported or not, RAN1 to clarify the use cases first. Particularly, RAN1 should clarify the applicability of common beam in multi-TRP scenario.
Proposal  5: if M>1 common beam is supported, RAN1 to clarify: 1) UE behavior during PDCCH decoding latency, and 2) association between PUCCH resources and UL common beams.
Observation 1: a common understanding between gNB and UE on active UE panels is baseline requirement for enabling fast panel selection.
Proposal  6: 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  7: Support CAT1-based solution for MPE and discuss detailed signaling for MPE event reporting.
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