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1. Introduction
In RP#86, a Rel-17 WID for FeMIMO [1] was approved, with endorsed objectives quoted below. It was identified that further improvement for beam management is required by considering a unified DL/UL approach and by considering multi-TRP scenario. In this contribution, we provide our views on considerations to be taken for design a unified TCI framework and fast panel selection. 
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management 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)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead



2. Unified Framework for DL and UL Beam Indication
One of the objectives of FeMIMO WID is to construct a unified framework for DL/UL beam indication. DL and UL beam indication framework is not the same in legacy NR. Among others, one of the main reasons is the different needs for indication in DL and UL. In the following subsections, we discuss the difference between DL and UL beam indication first. Considerations for a unified framework is provided then.
2.1. [bookmark: _Ref47709495]Legacy Beam Indication Methods
In DL direction, Quasi-Co-Location (QCL) information is provided to facilitate UE reception, especially in multi-TRP scenario. In FR1, QCL assumption provides channel characteristics in terms of delay and Doppler. For FR2, spatial receiving parameter is additionally needed. A TCI-state used in legacy NR provides information of various QCL types, which correspond to different QCL parameters. A TCI-state right now provides up to 2 QCL types. As for signaling of TCI state:
· For DL signals, a TCI-state can be directly provided to a specific DL signal. 
· For PDCCH, a TCI-state is activated for a CORESET. 
· For PDSCH, a TCI-state is dynamically indicated by a scheduling DCI, in principle
It is noted that for DL dynamic scheduling, a scheduling DCI further provides antenna port information used for the scheduled PDSCH via Antenna port field. UE derives DMRS resources based on the information.
In UL direction, on the other hand, there is simply one transmission point from UE. The concept of Rel-15 spatial relation information provides spatial transmitting parameters to UE. However, due to the need for UL precoder signaling, spatial relation information is not directly provided for UL signals or channels. Chain rule is applied before a root source RS is determined for deriving UL beam information. This is true for both codebook-based and non-codebook based PUSCH transmission. There, a scheduling DCI indicates an SRS resource for indicating precoder information. The spatial transmitting parameter, i.e., UL beam, is derived based on the spatial relation information configured to the SRS resource. Signaling wise, UL beam indication is summarized:
· For UL signal, a spatial relation information is provided to a specific UL signal. Chain rule applies when determining a root source RS.
· For PUCCH, a spatial relation information is activated for a PUCCH resource.
· For PUSCH, a spatial relation information is indirectly provided via the spatial relation information of an SRS resource.
It is noted that for UL dynamic scheduling, a scheduling DCI further provides precoding information and number of layers, and antenna port information used for the scheduled PUSCH. In UL, only precoder information is directly carried in a scheduling DCI and UL beam information is indirectly derived based on precoding information provided in the scheduling DCI. 
Comparing DL and UL beam indication, it is noted that for dynamic data channel scheduling, DL beam information is directly carried in DL DCI signaling whereas UL beam information is indirectly derived based on precoding information provided in UL DCI signaling. As illustrated in Figure 1 below, “SRI” field in an UL DCI is used to indirectly derive the UL beam information, for both codebook-based and non-codebook based PUSCH transmission. On the contrary, “TCI” field in a DL DCI provides DL beam information in a straightforward manner as shown in Figure 2.
[image: ]
[bookmark: _Ref47619552]Figure 1: Illustration of UL beam indication for PUSCH
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[bookmark: _Ref47619634]Figure 2: Illustration of DL beam indication for PDSCH
As for RS or control channel, high-level beam indication principle is similar for DL and for UL.
[bookmark: _Ref47714560]Observation 1: Legacy NR beam indication principle between DL and UL data channel is not the same. Beam information for DL data channel is directly carried in DL DCI whereas beam information for UL data channel is indirectly derived from information carried in UL DCI.
2.2. Considerations for UL TCI Design
To provide UL beam information via UL TCI concept, high-level wise, two approaches are considered:
1. Inserting a new DCI field to provide beam information. The legacy SRI field is used simply for precoder indication. In this manner, legacy spatial relation information seems not needed. UL TCI method in this manner can be designed to comply with DL TCI framework well.
2. Reusing SRI field for UL TCI indication (this field does not indicate SRI anymore). The field can be extended for flexibility. In this sense, UL TCI indication provides information on both precoder and beam as in legacy SRI indication. The spec impact from this approach seems smaller. 
To decide which approaches to take for UL TCI design, the following factors are considered:
· UL fast panel selection has been endorsed as one of objectives. To this end, panel indication is needed. UL TCI design should allow panel indication at the same time to minimize signaling overhead
· As observed in Section 2.1, legacy UL beam indication is embedded in precoding information indication, for UL data channel. On the other hand, for UL signal and UL control channel, legacy UL beam indication is provided in a straightforward manner. UL TCI should be flexible enough to accommodate both needs.
· Spec impact should be reasonably considered. In addition, it is undesirable from implementation point of view if the introduced UL TCI is an entirely new design without leveraging existing technique.
[bookmark: _Ref47714564]Proposal 1: Consider the following aspects and their impact during UL TCI design: 1) multiple UE panel assumption, 2) different indication needs for UL control channel and UL signal, and UL data channel, 3) leveraging of legacy methods.
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 2: a common understanding between gNB and UE on active UE panels is baseline requirement for enabling fast panel selection.
[bookmark: _Ref47714572]Proposal 2: 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. Conclusion
According to the discussion above, we have the following observations and proposals:
Observation 1: Legacy NR beam indication principle between DL and UL data channel is not the same. Beam information for DL data channel is directly carried in DL DCI whereas beam information for UL data channel is indirectly derived from information carried in UL DCI.
Proposal 1: Consider the following aspects and their impact during UL TCI design: 1) multiple UE panel assumption, 2) different indication needs for UL control channel and UL signal, and UL data channel, 3) leveraging of legacy methods.
Observation 2: a common understanding between gNB and UE on active UE panels is baseline requirement for enabling fast panel selection.
Proposal 2: 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
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