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1. INTRODUCTION

Per the agreed WID for Rel-17 eMIMO at the RANP #86 [1], four main objectives were identified to be studied by RAN1. This sub-agenda item is focused on parts of the second objective related to beam management enhancements for multi-TRP: 

	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2: 
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. 




In this contribution, we discuss our views on beam management enhancements for simultaneous multi-TRP transmission with multi-panel reception. 

2. BACKGROUND 

Beam management features were introduced in Rel-15 and further enhancements were made in Rel-16. The beam management framework consists of establishing, maintaining, and recovering beam pairs between a TRP and a UE. Due to sensitivity of mmWave propagation, frequent beam switching is expected in FR2. Beam recovery and pairing can be a relatively lengthy procedure because determining the best beam pair requires measurements and reporting over several pairs of beams at both TRP and UE sides. Since we are dealing with analog beams, it is done one beam pair at a time and the different beam pairs are multiplexed in time to perform measurements sequentially. Then, depending on the best measurements, QCL assumptions are made for DMRS transmitted in PDCCH/PDSCH according to source RS associated to the beams. Enhancements in Rel-16 were introduced to enable a reduction in latency and overhead of beam management procedures. For example, new MAC-CEs were defined to simultaneously update TCI or spatial relations across multiple CC/BWPs with a single message. Furthermore, CSI measurements reporting was enhanced to allow beam quality reports using RSRP or SINR through a CSI report for multiple beams. With multi-TRP/panel, part of the beam management enhancements was focused on making PDSCH more robust and reliable. It was agreed to enhance the TCI framework by enabling TCI codepoint mapping to two TCI states. This feature was required to support PDSCH reception and combining from different TRPs. Another enhancement related to multi-TRP was defining the HARQ-ACK codebook feedback procedure when receiving multiple PDSCHs. For Rel-17, additional enhancements to the beam management procedure are sought for the multi-TRP case. 

3. ENHANCEMENT OF BEAM MANAGEMENT FOR MULTI-TRP 
Figure 1. shows a multi-TRP deployment where simultaneous transmissions from multi-TRP are used to enhance the reliability and robustness of transmission. One of the objectives of Rel-17 MIMO work is to extend enhanced reliability beyond PDSCH and to other channels, i.e., PDCCH, PUSCH and PUCCH. To achieve these objectives, use of multiple panels may be very effective especially for operation in FR2. 
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Figure 1 Simultaneous multi-TRP transmission to multi-panel UE

In a multi-TRP deployment, there are some new transmission scenarios for UEs equipped with multiple panels. Multiple panels can be used to receive different data packets simultaneously from different TRPs. In a multi-TRP deployment, being equipped with multiple panels makes it easier for a UE to identify more than one TRP with favourable channel condition. For example, as shown in Figure 1, a UE receives PDSCH 1 on panel 1, PDSCH 2 on panel 2 where PDSCH 1 sent from TRP1 with beam 1, and PDSCH 2 sent from TRP2 with beam 2. A similar use case can be considered for the PDCCH, e.g., receiving PDCCH 1 on panel 1 and PDCCH 2 on panel 2.  

Beam Indication for multi-panel UE
An aspect that was not much discussed during Rel-16 multi-TRP work was beam management aspects. Now with the consideration of using multiple panels, this would become even more challenging. A first concern is how it affects the pairing procedure and linking between a UE an TRPs. Each beam pair is no longer just linking a UE to a TRP; but it may need to be identified as a linkage between a UE panel and a TRP. Current beam management specifications have not considered UE panel information. In addition, the use case with simultaneous multi-panel reception represents a new type of UE reception behaviour which may be problematic with current specifications. 
 
An important aspect of Rel-17 MIMO work is related to the UE side where multi-panels are used. The UE is assumed to be equipped with multi-panel and to be capable of doing simultaneous reception. The availability of multi-panels at the UE creates more possible candidate beam directions. This is beneficial in finding a good pair not suffering from blockage. The simultaneous case opens new issues to solve regarding beam selection when considering the UE panels.  

To support multi-panel simultaneous reception, some principles for panel management need to be established to further enhance beam management procedures. Also, for a multi-panel UE expecting simultaneous reception, there are implications on the TCI framework. This is because, as of Rel-16, there is no linkage between a TCI state and a receiving panel. For example, a UE may be scheduled with two TCI states which are received by the same UE panel as in Figure 2. TCI 1 and TCI 2 are the two best TCIs for the UE; however, they both target the same panel at the UE. There is some ambiguity at the UE on which spatial receive filter to be used. With some additional information, the TRPs could have been scheduled on TCIs towards different panels. Without such linkage, there might be some ambiguity to adjust its spatial filtering per panel according to the corresponding TCI state. As indicated earlier, existing configuration and signalling may need to include panel information. For example, TCI configurations may need to be configured per transmission per panel, however such configuration need to be streamlined not to waste signalling resources and allow fast panel selection.



[bookmark: _Ref46413934]Figure 2 TCI ambiguity in simultaneous TX

Proposal 1: Enhance beam management framework to optimize support for UEs with multiple panels.

Proposal 2: Study per panel TCI indication to enable multi-panel simultaneous reception in a multi-TRP deployment. 



Panel Management Aspects
A UE may be built with several sets of antenna panels where each set may have multiple antenna elements. Each panel may be placed on a different side of a UE allowing better reception and transmission by increasing diversity and avoiding potential blockage. While enhanced transmission through employing multiple panels is beneficial, it is not always necessary to have all panels activated, as shown in Figure 3,
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[bookmark: _Ref13471802]Figure 3 Multi-panel UE, a) All panels are active b) Only 4 panels are active and only 1 panel transmits

In general, there are three main initiatives for panel activation/deactivation. The main expected benefits of PAD are fast selection of the best beam/panel for uplink transmission, and power saving. Moreover, PAD is also a relevant solution for the issues related to Maximum Permissible Emission (MPE). In brief, P-MPR is introduced to address MPE requirements. However, in a multi-panel UE, when the power assigned to a panel is impacted by P-MPR, it may become a less appropriate panel for uplink transmission. As such, fast panel switching through PAD can offer a better transmission through a panel that is not impacted by P-MPR.

From the switching decision perspective, UE panel activation/deactivation can be implemented in different ways, where in some cases, PAD operation may have some impacts on gNB transmission/reception as well. More specifically, two main categories of solutions may be considered for panel selection, namely: gNB-driven and UE-driven.
In a gNB-driven PAD process, gNB manages the operation, i.e., activation/deactivation of UE panels. The main benefit of this approach is that there will never be a mismatch in terms of transmission/reception characteristics between gNB and a UE, however the speed of beam/panel selection reduces significantly. In such operation, a gNB wakes up panels periodically for beam or CSI measurement to select the best subset of panels. Also, a UE could request a panel selection process based on an event or a measurement. For panel selection and proper linkage of QCL properties, in operation of PAD, CSI-RS process may need to be tied through an ID to each panel. However, it is not clear if the existing CSI-RS framework can support such distinction, and some enhancement may be needed to include panel-ID into CSI-RS framework.

Proposal 3: For panel activation/deactivation, RAN1 considers CSI-RS enhancement by inclusion of panel ID. 

UE-driven panel switching can be conceived as a purely event-driven (UE rotation, MPE) or condition-driven (power saving) mechanism where UE selects a new panel/beam entirely on its own. In the simplest way, in a UE-driven PAD operation, the UE decides a specific panel to be used for uplink transmission. A UE can quickly and independently decide to turn on/off a panel for transmission to save power or select the best beam. Such mechanism expects some flexibility in the spatial relation where a UE can update its TX beam by itself without gNB updating the spatial relations. 
.

4. CONCLUSIONS
This contribution discussed potential enhancement for simultaneous multi-TRP transmission with multi-panel reception. We make the following proposals:

Proposal 1: Enhance beam management framework to optimize support for UEs with multiple panels.

Proposal 2: Study per panel TCI indication to enable multi-panel simultaneous reception in a multi-TRP deployment. 

Proposal 3: For panel activation/deactivation, RAN1 considers CSI-RS enhancement by inclusion of panel ID. 
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