[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #103-e   	 	  	                 R1-2008573
e-Meeting, October 26th – Novembe13th, 2020
Agenda item: 8.1.1.
Source: LG Electronics
Title: Enhancements on Multi-beam Operation
Document for: Discussion and Decision
1 Introduction
In RAN1#86 meeting, the WID for further enhancements on MIMO for NR was approved [1], where the following WI objectives on enhancements of multi-beam (MB) operations are listed:
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
· Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility 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)
· 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 


Based on the above, the agreements on evaluation methodology (EVM) and several issues on MB are captured in the chairman’s note in RAN1#102-e meeting [2]. In this contribution, we share our view on the enhancements on the UL/DL beam management.
2 Efficient UL/DL beam management
In this section, we investigate categorized issues on MB operation [2] in each subsection, respectively. 
2.1 Unified TCI framework
	Agreement
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


On the M and N values of issue 1a, it needs to be noted that multiple TCI indication for a PDSCH is supported for S-DCI MTRP in Rel-16, and similar extension regarding spatial relation RS indication is expected for PUSCH/PUCCH in Rel-17 NR MIMO objective 2a. For M-DCI MTRP, two CORESET pools can be configured where each pool can correspond to a TRP at gNB side. For PUCCH in Rel-16, simultaneous update of spatial relation per PUCCH resource group was introduced, and multiple PUCCH resource groups can be configured by gNB, where each PUCCH resource group can be associated to each UE Tx panel so that gNB can update spatial relation for a specific pair of TRP and UE panel by updating spatial relation of the corresponding PUCCH resource group.

Observation #1. For MTRP/MPUE operation, Rel-16 spec provides grouping of CORESETs and PUCCH resources for each pair of TRP and UE panel. For UL, spatial relation can be updated per PUCCH resource group.

Considering the MTRP/MPUE scenario, updating a reference RS for a specific TRP-panel pair should be supported. Therefore, we propose the following.

Proposal #1. Updating a TCI for a specific pair of TRP and UE panel should be supported, i.e. an updated TCI is applied to a subset of CORESETs and/or a subset of PUCCH resources only. 
For the case of joint TCI indication for DL and UL, association between CORESET groups and PUCCH resource groups is needed. The association of CORESETs and PUCCH resources can be determined by a certain rule or by gNB configuration. For this, it needs to be considered that the target channels/RSs of the joint TCI indication can include other channels/signals such as CSI-RS and SRS. The functionality of multi-CC beam update should also be taken into account. Considering above aspects, we suggest introducing RRC to configure a set of DL and UL channels/RSs that share a same DL RS for their QCL type-D RS or spatial relation RS. Target channel(s)/RS(s) can be configured by gNB to update the spatial domain Tx/Rx filter based on the single DL RS. Analogous to multi-CC beam update mechanism, when a QCL type-D RS or spatial relation RS is updated for a specific DL/UL channel by using legacy beam indication signaling or new signaling, the same RS is applied for other linked channels/signals, where this linkage for different DL/UL channels/RSs (with different usages) is referred to as ‘beam linkage state’ (BLS). For example, through configuring a BLS to indicate a link between PDSCH QCL type-D RS and ACK/NACK PUCCH spatial relation, the ACK/NACK PUCCH spatial relation RS can automatically follow the QCL type-D RS of corresponding PDSCH. Moreover, the target channels/RSs in BLS can be applied depending on the purposes or usages (e.g. CSI-RS for CSI/BM/tracking, SRS for BM). In case of PUCCH, as another example, it can be categorized by usage/format/whether dedicated or not. By this configuration, the higher flexibility for associating different DL and UL channels/RSs can be achieved. Another merit of this approach is that we can reuse legacy DL/UL beam indication signaling methods so that it can minimize specification impacts.
This BLS configuration can also be used for different channels/RSs across multiple CCs so that a common RS can be applied as QCL type-D RS and spatial relation RS for those linked DL/UL channels in multiple CCs. In Rel-16, simultaneous TCI states / spatial relation activation across multiple CCs/BWPs via MAC-CE was introduced to operate on a common beam for the multi-CCs based on applicable CC list configured by RRC. But, one limitation is that the target channels/RSs are limited to a single CORESET and a single SRS resource within a BWP so that gNB still needs to send multiple messages to update a beam for multiple CORESETs or multiple SRS resources.

Observation #2. On the feature of Rel-16 multi-CC simultaneous TCI state/spatial relation update, there are limitations on the applicable target channels/RSs.

Proposal #2. Introduce ‘beam linkage state’ configured by RRC in which DL/UL channels/signals that share a common DL RS for QCL type-D RS and/or spatial relation RS are listed across one or multiple CCs. If a QCL type-D RS or spatial relation RS is updated for one of the channels/RSs in the list by legacy beam indication method, the same RS is applied as QCL Type-D RS or spatial relation RS for other channels/RSs in the list.

In case of PUSCH transmission, we should avoid the case when a DL RS is directly used for PUSCH scheduling which had been intensively discussed during Rel-15 NR and concluded as a precluded option for PUSCH due to an ambiguity on port indication/determination. Due to the reasons, PUSCH port determination should be maintained to be mapped with SRS ports analogous to Rel-15/16. 

Proposal #3. PUSCH port mapping should be based on SRS ports as Rel-15/16.

Before discussing UL TCI signaling design, such as issue 1b, the functionality of UL TCI needs to be clarified/decided first on what should be additionally provided by the TCI compared to legacy signaling. We think that this is closely related to issue 1e, i.e. whether panel related parameters such as panel ID, power control, TA is signaled through UL TCI. For issue 1b, if only reference RS(s) are to be included as spatial relation RS(s), Alt1 (Utilizing the joint TCI for separate beam indication for UL) seems a good way-forward, by assuming that SRS is allowed as reference RS for UL beam indication purpose. However, if more UL-dedicated information is to be added to the UL TCI such as power/timing control, Alt2 (UL dedicated TCI states are used) seems better. Similar argument holds for the selection between Alt2-1 and Alt2-2.

Proposal #4. Before the details of UL TCI signaling, clarify which function/information is to be added by the UL TCI compared to legacy functions.

Regarding the additional functions by the UL TCI, we support to add the panel selective transmission with panel-specific power and timing control. Detailed discussion can be found in section 2.4. Another function can be to deliver multiple spatial relation RS(s) for MTRP UL being discussed in item 2a. 

Proposal #5. Support following additional functions through the UL TCI.
· Dynamic panel switching with panel-specific power/timing control
· Signaling of multiple spatial relations for enhanced UL transmission for MTRP

2.2 L1/L2-centric inter-cell mobility
	Agreement
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


Current BM framework is quite flexible so that it can already be used for intra-cell or inter-cell BM, e.g. via using virtual cell ID for CSI-RS scrambling. One issue for DL is that SSBs from non-serving cell cannot be used as reference RSs for BM. Another issue is the limited usage due to the inter-cell synchronization error. We believe that these issues can be handled in item 2b [3]. For UL BM, similar issue exists, i.e. non-serving cell SSB cannot be used as spatial relation RS. Therefore, we propose the following.
Proposal #6. Support configuring physical cell ID (PCI) of non-serving cell (NSCell) to or with spatial relation info for UL beam indication for L1/L2-centric inter-cell mobility.
[bookmark: _GoBack]As a potential approach to modify/enhance the conventional HO procedure, L1/L2 event-driven mechanism for inter-cell mobility may be considered. It means that UE performs the measurement reporting related to L1 beam information including that of NSCell when L1 HO event condition is triggered based on the beam quality (e.g. L1-RSRP, L1-SINR etc.). However, in this case, the HO event may occur more frequently compared to L3-based HO due to its short-term property on the beam quality and this report is needed only when HO event occurs so the details on L1 event-based reporting should also be investigated to contain the beam information of NSCell(s), e.g. by BFR-like reporting or by accommodating it in a regular beam report. Considering the spec impact, it is still questionable on the benefit of modifying/enhancing the HO procedure as above comparing with the proposed enhancement that the serving cell can receive the beam reporting of NSCell(s) simply by allowing PCI to be configured with/to TCI or spatial relation in regular beam management procedures.

2.3 Dynamic TCI state update signaling medium
	Agreement
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


Regarding DCI or MAC-CE based mechanisms, the pros and cons of each method is well known. DCI is faster but less robust than MAC-CE unless ACK for DCI is introduced. In our view, it is also possible to use existing DCI or MAC-CE based TCI/spatial relation indication specified for PDSCH/PUSCH for the purpose of dynamic TCI update for multiple different DL/UL channels if BLS is introduced as proposed in Proposal#2. Currently, PDSCH/PUSCH beam can be updated by DCI using TCI/SRI field but PUCCH/PDCCH beam can be updated by RRC/MAC-CE only. In practice, gNB will choose a best beam for the UE for PDSCH/PUSCH by most recent measurement, e.g. by aperiodic beam report or aperiodic SRS transmission and the same beam RS is likely to be updated for PDCCH/PUCCH by separated RRC/MAC-CE signaling which is often redundant. Therefore, it is considerable to support automatic update of the PUCCH spatial relation from the updated spatial relation for PUSCH, and update of the CORESET QCL type-D RS from the updated QCL type-D RS for PDSCH, which would reduce signaling overhead and latency for updating beam RS for control channels. For example, the spatial relation of a PUCCH resource for a periodic CSI reporting can be updated whenever PUSCH beam is updated by UL DCI. 

Proposal #7. Support updating TCI for PDCCH/PUCCH by the dynamically updated TCI/spatial relation for PDSCH/PUSCH by existing DCI. 
· Investigate further whether new DCI/MAC-CE for dynamic TCI update is still needed on top of the above method.

2.4 MP-UE assumption including MPE
	Agreement
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

Agreement
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


In Rel-16, enhancements on multi-panel UE for UL transmission had been intensively discussed taking into account panel identification methods [4]. In the last meeting, the extension of unified TCI for MP-UEs was discussed to facilitate UL fast panel selection considering MPE issues as shown above. To enable the MP-UE operation efficiently/reliably, it is required to have enhanced controllability at the gNB side as well as efficient UE transmission support utilizing multiple panels implemented at the UE side. On the issue 4a, it is beneficial to clearly understand what can be supported based on Rel-15/16 and what cannot be supported in the current specifications so that the proposed enhancements are to be considered in Rel-17 for panel identification, resulting in the following observations (more details can be found in [5]). As summarized below, it is true that MP-UE may be operational with Rel-15/16 specs but all these designs have been fragmented and its usage scenarios are very limited due to the limitation of the same power/timing control across panels. It should be also noted that the spatial relation information is just an assist information to help UE adjusting/selecting its Tx beam, meaning that it does not mandate UE to use the same beam/panel even if their spatial relation RSs are same. For example, for two channels with the same DL RS as spatial relation RS, UE could change its Tx beam/panel if those two channels are transmitted in different time instances, e.g. the best Rx beam/panel for receiving the same DL RS resource can be changed by UE rotation or beam blockage, but the change is unknown to gNB so it can cause unexpected UL interference.  

Observation #3. By Rel-15/16 specifications, 
· Each UE Tx panel can correspond to each configured SRS resource set from simultaneous SRS transmission and power control perspective, which can be observed at least by the following spec descriptions and agreements:
· Text on SRS-based UL BM in TS38.214 as “SRS resources in different SRS resource sets with the same time domain behavior in the same BWP can be transmitted simultaneously” 
· Text on SRS power control in TS38.213 as “power control parameters such as P0, alpha, DL RS for PL are all configurable for each SRS resource set qs”
· Agreements made in RAN1#95 on FG 2-30 as “Rel-15 UE can report its capability as up to 4 SRS resource sets (which can correspond up to 4 panels) per supported time domain behavior”
· For CB/NCB UL transmission, however, dynamic panel switching with different power control is NOT supported because they are associated with single SRS resource set
· A common TA is applied in a single CC/BWP, i.e. different panels should use the same TA value even if they are targeting different TRPs
· UE may switch Tx panel/beam for different SRS/PUCCH/PUSCH transmissions in gNB transparent manner even if their spatial relation is same, so that gNB can experience unexpected UL interference when it happens

From above observations, it is clear that introducing a panel identification method is beneficial, regardless of details of the panel identification method. As a starting point, explicit panel ID can be considered as converged for panel identification method in Rel-16, where this ID can be configured/indicated to different channels/RSs so that gNB can control UL transmission from a specific panel, or at least a grouping of PUCCH/SRS resources that would imply for a specific panel needs to be supported. And for the flexibility on UL/DL operation and panel switching, same or different sets of UE panels should be supported on DL reception and UL transmission.

Proposal #8: Panel identification method should be supported, e.g. explicit ID can be configured to UL channels/RSs or implicit ID based on a grouping of PUCCH/SRS/PRACH resources can be used so that gNB can control UL triggering from a specific UE panel.

Proposal #9. Support the same/different sets of UE panels for the purpose of DL reception and UL transmission.

Practical implication of UE Tx panel may depend on particular UE implementation ways so that it may need to be avoided to attempt finding a single universal panel definition, but it seems rather to be needed to allow some degree of flexibility in utilizing the panel related features depending on some UE capability factors as well as network implementation ways for a particular usage. Therefore, we prefer to have the following definition of UE Tx panel to accommodate different ways of MP-UE implementation and usage scenarios. FFT timing window may not be appropriate for this item because it is related to DL panel but the focus of this item is for UL.

Proposal #10. For MP-UE assumption, one or multiple combination of below are used depending on different UE implementation.
· Unit of antenna group to control its Tx beam independently
· Within a panel, one beam can be selected and used for UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for UL transmission
· Unit of antenna group to control its transmission power independently
· Unit of antenna group to control its transmission timing independently

For MP-UE, it has been assumed that each TRP can communicate with different UE panel since Rel-16 MTRP discussion. Therefore, it should be assumed that each UE panel can be associated to same or different TRP. Especially for the latter case, we should consider large difference of propagation delay to each TRP, which can exceed 1 CP in URLLC scenarios in FR2 as analyzed in our companion paper [6]. And inter-panel delay should also be taken into account as Positioning WI does. Especially for UE distributed panels, the timing difference between panels can also be increased due to the geometry of panels (e.g. vehicle UEs that one panel at front bumper and another panel at rear bumper) and implementation error/calibration for panels. Exceeding CP can happen more often in FR4 scenarios, in which up to 960 kHz SCS is being considered, 8 times larger than the max SCS of FR2.

Observation #4. Difference of propagation delay to different TRPs can exceed CP length considering MTRP URLLC scenario in FR2, and it can happen more often in FR4. Inter-panel delay is another factor to increase effective delay difference of panels.

Proposal #11: Support panel-specific power and timing control.

Related to per panel PC as above, the conventional PL RS configuration and PL RS tracking has been designed without considering MP-UE assumptions. When multi-panels are activated at UE side, the dominant path of the DL RS from gNB to each panel can be different depending on the direction and geometry of the panels. In this case, a method of configuring PL RSs and controlling the number of tracking PL RSs per panel is required by extending the number of tracking PL RSs with respect to the number of panels to efficiently facilitate panel-specific power control and PL RS tracking.

Proposal #12. For MP-UE power control, panel-specific PL RS configuration/activation needs to be supported, and panel-wise tracking RSs should also be clarified.  

For UL transmission with multi-panels, it is necessary to consider the MPE (Maximum Permissible Exposure) issue. Considering different orientation or location of different panels, the human body impact can severe for one panel while it is not for another panel. This situation is firstly known by UE using internal sensors, but it takes quite a time for gNB to know this situation based on Pc_max report from the UE. To handle this issue corresponding to issue 4b and 5a, it would be good if a UE can report the occurrence of MPE event of a panel(s) or preferred/non-preferred UL panel(s) by considering MPE event to gNB. For example, PUCCH based BFR introduced in Rel-16 can be enhanced to report the occurrence of panel-specific MPE event, e.g. by assigning different BFR-PUCCH resource for different panel. 

Proposal #13. Support UE to report the occurrence of MPE event for a panel by enhancing Rel-16 BFR.

3 Conclusions
In this contribution, we have discussed the issues for further enhancements on MB operation. Based on the discussions above, the following observations and proposals are given as:
Observation #1. For MTRP/MPUE operation, Rel-16 spec provides grouping of CORESETs and PUCCH resources for each pair of TRP and UE panel. For UL, spatial relation can be updated per PUCCH resource group.
Observation #2. On the feature of Rel-16 multi-CC simultaneous TCI state/spatial relation update, there are limitations on the applicable target channels/RSs.
Observation #3. By Rel-15/16 specifications, 
· Each UE Tx panel can correspond to each configured SRS resource set from simultaneous SRS transmission and power control perspective, which can be observed at least by the following spec descriptions and agreements:
· Text on SRS-based UL BM in TS38.214 as “SRS resources in different SRS resource sets with the same time domain behavior in the same BWP can be transmitted simultaneously” 
· Text on SRS power control in TS38.213 as “power control parameters such as P0, alpha, DL RS for PL are all configurable for each SRS resource set qs”
· Agreements made in RAN1#95 on FG 2-30 as “Rel-15 UE can report its capability as up to 4 SRS resource sets (which can correspond up to 4 panels) per supported time domain behavior”
· For CB/NCB UL transmission, however, dynamic panel switching with different power control is NOT supported because they are associated with single SRS resource set
· A common TA is applied in a single CC/BWP, i.e. different panels should use the same TA value even if they are targeting different TRPs
· UE may switch Tx panel/beam for different SRS/PUCCH/PUSCH transmissions in gNB transparent manner even if their spatial relation is same, so that gNB can experience unexpected UL interference when it happens
Observation #4. Difference of propagation delay to different TRPs can exceed CP length considering MTRP URLLC scenario in FR2, and it can happen more often in FR4. Inter-panel delay is another factor to increase effective delay difference of panels.

Proposal #1. Updating a TCI for a specific pair of TRP and UE panel should be supported, i.e. an updated TCI is applied to a subset of CORESETs and/or a subset of PUCCH resources only. 
Proposal #2. Introduce ‘beam linkage state’ configured by RRC in which DL/UL channels/signals that share a common DL RS for QCL type-D RS and/or spatial relation RS are listed across one or multiple CCs. If a QCL type-D RS or spatial relation RS is updated for one of the channels/RSs in the list by legacy beam indication method, the same RS is applied as QCL Type-D RS or spatial relation RS for other channels/RSs in the list.
Proposal #3. PUSCH port mapping should be based on SRS ports as Rel-15/16.
Proposal #4. Before the details of UL TCI signaling, clarify which function/information is to be added by the UL TCI compared to legacy functions.
Proposal #5. Support following additional functions through the UL TCI.
· Dynamic panel switching with panel-specific power/timing control
· Signaling of multiple spatial relations for enhanced UL transmission for MTRP
Proposal #6. Support configuring physical cell ID (PCI) of non-serving cell (NSCell) to or with spatial relation info for UL beam indication for L1/L2-centric inter-cell mobility.
Proposal #7. Support updating TCI for PDCCH/PUCCH by the dynamically updated TCI/spatial relation for PDSCH/PUSCH by existing DCI. 
· Investigate further whether new DCI/MAC-CE for dynamic TCI update is still needed on top of the above method.
Proposal #8: Panel identification method should be supported, e.g. explicit ID can be configured to UL channels/RSs or implicit ID based on a grouping of PUCCH/SRS/PRACH resources can be used so that gNB can control UL triggering from a specific UE panel.
Proposal #9. Support the same/different sets of UE panels for the purpose of DL reception and UL transmission.
Proposal #10. For MP-UE assumption, one or multiple combination of below are used depending on different UE implementation.
· Unit of antenna group to control its Tx beam independently
· Within a panel, one beam can be selected and used for UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for UL transmission
· Unit of antenna group to control its transmission power independently
· Unit of antenna group to control its transmission timing independently
Proposal #11: Support panel-specific power and timing control.
Proposal #12. For MP-UE power control, panel-specific PL RS configuration/activation needs to be supported, and panel-wise tracking RSs should also be clarified.  
Proposal #13. Support UE to report the occurrence of MPE event for a panel by enhancing Rel-16 BFR.
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