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Introduction
In RAN#86 plenary meeting, the following WID on multi-beam enhancement was agreed [1]:
Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
0. 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:
0. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
0. Unified TCI framework for DL and UL beam indication
0. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
0. 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 

In this contribution, we discuss the enhancement on beam management operation for Rel-17 MIMO. Our views on common beam for data and control, unified TCI framework, inter-cell mobility and UE panel selection would be presented. 
Enhancement on beam management
Common beam between DL/UL data and control channels
In the current spec, beam is separately indicated to different channels. PDCCH beams are RRC configured and may be activated by MAC-CE. PDSCH TCI may be explicitly signaled in the scheduling grant, or follows that of a reference CORESET. Beams of PUCCH are RRC configured through PUCCH-SpatialRelationInfo and activated by MAC-CE. For PUSCH, beam is dynamically indicated by SRI, which is based on the latest SRS (of usage ‘codebook’ or ‘noncodebook’) before PDCCH. These different beam management procedures complicate the spec as well as implementation. Depending on system need, a use case where data and control channel transmitted to the same UE use the same beam can be considered. In addition, considering the beam correspondence required in NR, the same beam direction may be shared between DL Rx and UL Tx. Therefore, introducing a common beam for different channels and even between DL/UL achieves lower latency and signaling overhead. 
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Proposal-1:Common beam can be applied to data and control, and  DL and UL. 

Considering the latency and signaling overhead, a single command can be used to signal the common beam. Then the following issues need to be solved for the solution.

· Signaling for common beam operation
The single command for common beam indication may be based on L1 (DCI) or L2/L3 (RRC/MAC-CE). The pros and cons are compared below:

L1 (DCI-based)
· Pros: Faster beam adaptation than MAC-CE (due to the 3ms application timing). Lower implementation complexity than MAC-CE (which involves both PDCCH/PDSCH decoding).
· Cons: Potentially higher specification effort.
L2 (MAC-CE based) 
· Pros: Potentially lower or no specification impact, e.g. it may be possible to reuse existing MAC-CE format while introducing a new MAC-CE interpretation. 
· Cons: Larger delay than L1; higher implementation complexity. 
In case L1-based signaling is adopted, the following candidate schemes are possible: 

· Alt-1: Define a new UE-specific DCI, which is dedicatedly used for common beam indication.
· Alt-2: Define a new UE-group common DCI, where N common beams are indicated for N UEs in one DCI.
Alt-1 is straightforward and flexible due to UE-specific indication. Limited number of bits is sufficient to carry the beam information. However, in NR, the minimum bit length of DCI is 12bits, which is required by Polar codes. Then bit padding may be needed. In comparison, Alt-2 seems more effective if an adequate N value is employed. But UE grouping may be challenging, since not all the N UEs update their beams at the same time. To make sure each UE get the beam indication in time, Alt-2 has to send the UE-group common DCI whenever any UE within the group requires a beam change. The content of beam in DCI could be a TCI state or an anchor channel (e.g. ’PDCCH’,’PDSCH’,’PUSCH’,’PUCCH’). For the former case, each channel aligns its transmission beam with the indicated TCI state. For the latter case, each channel would follow the same transmission beam of the anchor channel.

In case L2-based signaling is adopted, with respect to the anchor channel concept, one alternative is to predefine the anchor channel in the spec (e.g. using PDCCH). Whenever common beam operation is initiated, all the channels follow the beam of the anchor channel. Update of the anchor channel could reuse the current Rel-15/16 procedure. For example, if the beam of PDCCH is updated by MAC-CE, all the other channels would follow the new PDCCH beam. 

Proposal-2:Common beam indication may be based on L1 (DCI) or L2/L3 (RRC/MAC-CE).

· Combinations of channels
Considering different use cases, it is possible that different combinations of physical channels share a common beam. For example, for certain instances, only DL channels such as PDCCH and PDSCH would share the same beam. In the other cases, both DL and UL channels share the same beam. Such flexibility should be allowed in Rel-17.

Proposal-3: Different combinations of channels sharing the common beam should be supported. 

· Time duration for common beam operation
Another issue is the effective time of the common beam operation. The common beam will not be applied all the time. For certain instance, gNB still requires high flexibility of providing different TCI states for different channels. For example, considering the MPE issue where UL signal would be transmitted towards human body, it is possible that UL transmission uses a different beam to that of DL transmission. Therefore, the Rel-17 UE may work on the common beam mode when needed and then switch to the normal mode (where each channel is indicated with its own beam). In this way, the effective time of the common beam mode needs to be defined. In our opinion, starting and ending of CB operation could be explicitly indicated or predefined in the spec. 

Proposal-4: Starting and ending of CB operation could be explicitly indicated or predefined in the spec.
Unified TCI framework between DL and UL
The current beam provision mechanism for PUSCH is inflexible due to several reasons: 
· SRS resource set for beam indication is limited to 2 resources. To increase beam selection flexibility would require increasing SRS resource set size, which would increase SRS overhead. 
· It is possible to keep the SRS resource set size to 2 and utilizing MAC-CE based beam update for SRS resource set to achieve more flexible beam management. This, on the other hand, causes non-trivial activation/deactivation delay than L1 based approach and unsuitable for high-speed application. 
· PUSCH beam indication is anchored on SRS resource set of usage “codebook”/”noncodebook” which is resource set based, e.g. all SRS in all beam directions must always be transmitted together. This makes it very inflexible for the network to adaptively choose which SRS beam directions to probe. For instance if network wishes to probe a beam direction different than the current two UL beams (configured for SRS), it would need to perform a MAC-CE update (for SRS-SpatialRelationInfo) or RRC reconfigure the SRS resource set.
It is desirable for the network to be able to independently control the beam direction, at least for SRS for CSI acquisition and PUSCH transmission. Network is free to probe UL CSI using a single SRS resource (as opposed to a set), at any time, in any UL beam direction. PUSCH beam can be flexibility chosen, not necessarily tied to the latest SRS transmission. 

It is therefore suggested to introduce a UL-TCI to allow more flexible beam indication, not only for PUSCH but also for other UL signals (PUCCH/SRS/PRACH). For PUSCH, UL-TCI is dynamically indicated in the UL grant. For PUCCH, UL-TCI is RRC/MAC-CE configured per PUCCH resource. For SRS/PRACH, UL-TCI are dynamically indicated or semi-statically configured based on the usage scenario.

Provision of UL-TCI would then follow the same framework as provision of DL-TCI for DL, eliminating BM framework difference between DL/UL and making specification/implementation more streamlined. In a nutshell, the UL-TCI can be applied to a target UL channel/signal, which should at least include PUSCH, PUCCH, SRS (for CSI acquisition, beam management, FFS antenna switching), possibly PRACH. 

Each UL-TCI state should at least be associated with a source RS for provision of UL beam. The RS can be either an UL RS (for UE relying on beam measurement without DL/UL correspondence) or a DL RS. The UL RS should at least support SRS for beam management. Whether other UL RS can be supported (e.g. SRS for CSI, SRS for antenna switching, PRACH) should be further discussed.

The configuration of pathloss RS is a UL unique issue. In Rel-15/16, for PUCCH, the reference RS for SpatialRelationInfo and PathlossReferenceRS are separately configured by RRC. When activated by MAC-CE, UE may use different beams for PUCCH and path loss estimation. For PUSCH, pathloss RS and UL beam are both indicated by SRI, but with different reference RS lists. For SRS, PathlossReferenceRS is RRC configured per resource set and SpatialRelationInfo is RRC configured per resource. Thus, there is no relationship between the configurations of SpatialRelationInfo and PathlossReferenceRS. 

When UL TCI is introduced, two possibilities could be considered to indicate the pathloss RS:

· Alt-1: Both beam information and pathloss RS are signaled by UL TCI
· Alt-2: Beam information is indicated by UL TCI and pathloss RS re-uses Rel-16 mechanism
For Alt-1, the UL beam and pathloss RS are simultaneously dynamically indicated. Since the path loss is mainly determined by the distance between UE and gNB, UL beam variation may not impact the path loss calculation remarkably. Therefore, dynamically changing the pathloss RS seems not necessary. On the other hand, Alt-2 may update beam and pathloss RS separately. For PUCCH and SRS, pathloss RS is indicated by L2/L3 signaling. For PUSCH, if SRI is completely removed from DCI by an UL TCI state instead, the association between UL TCI state and pathloss RS needs to be defined. Otherwise, current SRI based mechanism is re-used. Moreover, as only the beam information is included for Alt-2, the number of UL TCI states is relatively small, which results in less DCI overhead. Which alternative to choose can be further discussed. 


Proposal-5: Introduce an UL-TCI state which at least includes an RS for indication of UL spatial filter,
· The RS in UL-TCI for spatial filter indication should at least support UL RS (SRS for BM) and DL RS (CSI-RS/SSB)
· FFS whether pathloss RS is directly provided in UL-TCI state, or separately
L1/L2-centric inter-cell mobility
Current L1-related handover procedure mainly includes the following steps:

· Step-1: UE is configured with SSB and CSI-RS for mobility of other cells by serving gNB
· Step-2: UE measures and reports beam level SSB/CSI-RSRP, SSB/CSI-RSRQ, or SSB/CSI-SINR to serving gNB.
· Step-3: Serving gNB informs handover using handover signaling, which includes RRC reconfiguration information.
· Step-4: UE synchronizes to the neighboring cell and transmits PRACH.
· Step-5: New data transmission from the neighboring cell.
For high mobility UEs, these handover procedures result in large latency. To achieve lower latency and overhead for inter-cell mobility as mentioned in the WID, some companies propose to include PCI in the TCI states [2~3]. Per our understanding, the introduced PCI enables SSB from the neighboring cell as QCL source in DL-TCI configuration. As these SSBs have been measured and corresponding measurement results are reported to the serving gNB, beam management is not needed for the neighboring cell. In addition, the TCI state with PCI could be configured to the CSI-RS resource for CSI acquisition. Thus, CSI may be further provided for the beam direction of SSB from the neighboring cell. In this way, both the transmission beam and the CSI information for the neighboring cell are obtained before handover. Thereafter two possible ways can be considered to reduce handover latency. One is to transmit data and control directly from the neighboring cell without handover to the neighboring cell. In this way, the procedure of sending PRACH is not needed any more, which reduces the latency significantly. Another way is to still perform current handover procedure Step-3 and Step-4 shown above. Then transmit data or control channel by the neighboring cell. Since beam management and CSI acquisition are not required after handover, the latency could also be reduced. Therefore, including PCI in the TCI states is effective to reduce the latency during handover.

Proposal-6: Including PCI in the TCI states is supported.

1.1. Panel selection for uplink transmission
In Rel-17 WID, it has been mentioned 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. In this section, panel selection issues for multi-panel UE will be discussed. 

In NR Rel-16, panel selection is supported in a standard-transparent manner. For UL-RS based beam management, gNB configures SRS resources to UE, UE associates SRS resources with UL panels, which is transparent to gNB. Through SRS resource selection, panel selection is implicitly achieved. The selected SRS is indicated to UE (e.g. via SpatialRelationInfo). For DL-RS based beam management, the same panel used for DL reception of the DL-RS is used for UL transmission, transparent to gNB. 

In NR Rel-17 uplink panel selection, two alternatives exist:
· Alt-1: Mapping between RS and panel is transparent to gNB (e.g. same as Rel-16 design). 
· Alt-2: Mapping between RS and panel is non-transparent to gNB, that is, panel-ID is associated with each DL/UL reference signal. 

A decision between these two alternatives is needed in early Rel-17 discussion. Alt-1 would have lower specification impact, where network continues to manage UL spatial filter by controlling the UL RS. Alt-2 is a non-trivial change of paradigm and expects more specification changes, and would be justified if some important functions cannot be achieved by Alt-1 otherwise. 

Proposal-7: Following alternatives on panel selection can be considered
· Alt-1: Mapping between RS and panel is transparent to gNB. 
· Alt-2: Mapping between RS and panel is non-transparent to gNB, panel-ID is associated with each DL/UL signal. 
Panel selection is a procedure to choose/identify a panel for uplink transmission for multi-panel UE (e.g. MPE). During the consequent PUCCH/PUSCH transmission, due to a certain reason, e.g. blockage, overheat etc, the panel used for transmission might need to be changed from one to another. Panel switching can be controlled by gNB or UE or jointly by gNB and UE. 
Taking UE-initiated panel switching as an example, with Rel-16 specification, the UL panel on which a SRS resource is mapped is transparent to the network. In case UE switches the UL panel (while still using the same SRS resource), the event of panel switching as well as the panel index is unknown to the network. This misalignment may result in stale channel estimation and beam selection, e.g. the network may continue to use the same UL Rx beam before switching for PUSCH/PUCCH/SRS reception after panel switching. Alignment between the network and UE would then require a report of UL panel switching event or panel ID. The network can either reset UL beam management, or update its UL-TCI states correspondingly. 

Proposal-8: 
· Study network controlled and UE-initiated panel switching. 
· Study mechanism for UL beam management realignment between network/UE, after switching of UL panels. 

Conclusions
In this contribution, we focus on the enhancement on beam management operation for Rel-17 MIMO. Issues about common beam for data and control, unified TCI framework, inter-cell mobility and UE panel selection are discussed. We have the following proposals:

Proposal-1:Common beam can be applied to data and control, and  DL and UL. 
Proposal-2:Common beam indication may be based on L1 (DCI) or L2/L3 (RRC/MAC-CE).
Proposal-3: Different combinations of channels sharing the common beam should be supported. 
Proposal-4: Starting and ending of CB operation could be explicitly indicated or predefined in the spec.
Proposal-5: Introduce an UL-TCI state which at least includes an RS for indication of UL spatial filter,
· The RS in UL-TCI for spatial filter indication should at least support UL RS (SRS for BM) and DL RS (CSI-RS/SSB)
· FFS whether pathloss RS is directly provided in UL-TCI state, or separately
Proposal-6: Including PCI in the TCI states is supported.
Proposal-7: Following alternatives on panel selection can be considered
· Alt-1: Mapping between RS and panel is transparent to gNB. 
· Alt-2: Mapping between RS and panel is non-transparent to gNB, panel-ID is associated with each DL/UL signal. 
Proposal-8: For panel switching, the following alternatives are to be considered
· Study network controlled and UE-initiated panel switching. 
· Study mechanism for UL beam management realignment between network/UE, after switching of UL panels. 
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