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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

More Efficient DL/UL beam management 
Rel. 16 specified enhancements to the beam management framework in Rel. 15, mainly targeting DL and UL overhead and latency reductions. More enhancements, however, are still needed, to make the beam management framework more agile and streamlined, and less reliant on heavy signalling.
Unified TCI framework for DL and UL beam indication
Unlike the DL Tx beam indication, which is based on the transmission configuration indication (TCI) framework, the UL Tx beam indication uses spatial relations to link a given target UL signal with a reference RS. DL RSs such as SS/PBCH blocks and CSI-RS as well as SRS can be used as reference signals to indicate Tx beam on the UL. 
While the TCI framework unifies the way a Tx beam is indicated for DL RSs, spatial relations are individually configured for the different types of uplink signals. To streamline the UL beam indication framework, a TCI framework can thus be introduced on the UL. 
An UL TCI framework would, similar to the DL TCI framework, define the spatial relation linkage between reference signals and target signals. 
For PUCCH for example, an UL TCI state will be provided per PUCCH resource. The UE can be RRC configured with M UL TCI states and MAC CE can be used to activate one UL TCI state.  
For SRS, the UL TCI state configuration follows the time domain behaviour of the SRS resources (periodic, SPS, aperiodic), similar to the spatial relation info. 
Proposal 1: Uplink TCI state can replace spatial relation info for all uplink transmit signals.
Proposal 2: From a signalling perspective, configuration of TCI states can follow that of spatial relation info for PUCCH, SRS, and PUSCH to support dynamic beam switching
Specifying an uplink TCI framework further removes the need for a panel ID on the uplink. As the UE is equipped with multiple panels, it is important to have panel specific UL beam selection. In Rel. 16, an identifier was introduced to facilitate panel specific UL beam selection. Such an identifier is not needed when using an UL TCI framework. TCI states can themselves be used to differentiate between the panels for UL transmission. 
Proposal 3: Panel identifier is not needed in conjunction with UL TCI framework. 
Furthermore, the UL TCI framework is forward compatible, as TCI states can be used to indicate and enable simultaneous multi-panel transmission on the uplink.
Observation 1: UL TCI framework is forward compatible to enable simultaneous multi-panel transmission.

Enhancements on Signalling Mechanisms
The DL TCI framework was introduced in Rel. 15 for downlink beam management, to link pairs of reference signals for QCL indication. The TCI states are used to indicate which reference signal can be used as a QCL source for a given target reference signal. 
RRC signaling is often used to configure the TCI states for periodic reference signals such as periodic CSI-RS. In other cases, an activation via MAC CE is used for the RRC configured candidates. DCI is used to indicate a configured TCI field when scheduling PDSCH. It is also used for aperiodic CSI-RS.

For a beam-based system, especially to support intra-cell mobility, flexible beam switching such as that made possible by DCI is needed. To avoid excessive overhead in DCI however, a hierarchical signaling approach with MAC CE activation of configured RRC states can be used.

Observation 2: Enhancements to signaling mechanisms to minimize the need for RRC signaling especially for intra-cell mobility is needed. 

This can be applied to periodic reference signals, such as periodic CSI-RS, whose TCI state configuration is via RRC signaling. CSI-RS is used in beam failure detection, and RLM measurements. 
Proposal 4: Introduce more dynamic TCI configuration for periodic reference signals such as CSI-RS.

Beam Selection in RACH Procedure
In the RACH procedure, the UE identifies a given Tx beam, and uses a best beam pair link to transmit to the BS. This beam is then used for DL transmission in msg. 2 and subsequently after. 
The beam measurement and reporting in the 4-step random access procedure can be made more robust by explicitly reporting alternative DL Tx beam (s) during the RACH procedure, in msg. 3. These alternative beams can subsequently be used in msg. 4 of the RACH procedure, in addition to subsequent transmissions in RRC-CONNECTED mode UEs.
Observation 3: Reporting of SS block index in msg. 3 is beneficial in improving the reliability of beam management. 
In addition to the DL Tx beam obtained at the gNB based on the detected RACH preamble resource and used for DL Tx beam in msg. 2, and msg. 4 of the RACH procedure, the UE can indicate SS block index of alternative SS blocks that can be used for transmission at the gNB in msg. 3 payload. The alternative SS block indices are measured at the UE using SS-block-RSRP, and are determined to be good candidate DL Tx beams. 
Proposal 5: NR supports explicit SS block index indication in msg. 3.  
The reported beam indices in msg. 3 can be used in msg. 4, in addition to subsequent CONNECTED mode UEs beam management procedure. Msg. 4 PDCCH/PDSCH received by the UE can be QCL’ed with that of msg. 2. Alternatively, msg. 4 can benefit from diversity from beam reporting in msg. 3, and msg. 4 PDCCH/PDSCH received by the UE can be carried out on the alternative beam reported in msg. 3 or a combination of both msg. 2 beam and the beam reported in msg. 3.
Whether the UE reports on an SS block index in msg. 3 can be indicated in system information (SI) and received by the UE. The system information can, for example, be included in the same SIB that contains information about random access parameters. 
Proposal 6: Whether or not the SS block indices are reported in msg. 3 can be indicated to the UE.
[bookmark: _Ref450342757]Fast Beam Selection for Partial Beam Failure Recovery
In Rel. 15, beam failure recovery procedure is triggered only when all the beams in the beam failure detection set have failed. Partial beam failure detection, corresponding to the case when a subset of serving control channels fail, however, should also be handled. In fact, a holistic approach to beam management and beam failure recovery, by proactively detecting failing beams and switching beams accordingly, can reduce latency and overhead, especially when the UE is mobile. 
When only a subset of PDCCH beams fails, partial recovery on the failed beams can be initiated to indicate and recover from this failure. PUCCH channels, corresponding to the functioning CORESET beams, can be used to carry out the recovery request transmission and new beam index as well as the corresponding measured RSRP. Upon receiving the failure indication, the network switches the beam of the failed CORESET to a new beam. 
Proposal 7: Specify partial beam failure recovery to reduce latency and overhead 
Proposal 8: PUCCH channels corresponding to functioning CORESETs are used to carry recovery request transmission for failed CORESETs.
While carrying the recovery request transmission for partial beam failure recovery on PUCCH corresponding to functioning CORESETs can be configured separately from the beam management procedure, such inefficient use of resources can be wasteful. 
Proposal 9: Beam management procedure should support the indication of partial control channel failure. 
Conclusions
In this contribution we described our views on enhancements for Release 17 feMIMO WI related to multi-beam. We made the following observations and proposals:
Observation 1: UL TCI framework is forward compatible to enable simultaneous multi-panel transmission.
Observation 2: Enhancements to signaling mechanisms to minimize the need for RRC signaling especially for intra-cell mobility is needed. 
Observation 3: Reporting of SS block index in msg. 3 is beneficial in improving the reliability of beam management. 

Proposal 1: Uplink TCI state can replace spatial relation info for all uplink transmit signals.
Proposal 2: From a signalling perspective, configuration of TCI states can follow that of spatial relation info for PUCCH, SRS, and PUSCH to support dynamic beam switching
Proposal 3: Panel identifier is not needed in conjunction with UL TCI framework. 
Proposal 4: Introduce more dynamic TCI configuration for periodic reference signals such as CSI-RS.
Proposal 5: NR supports explicit SS block index indication in msg. 3.  
Proposal 6: Whether or not the SS block indices are reported in msg. 3 can be indicated to the UE.
Proposal 7: Specify partial beam failure recovery to reduce latency and overhead 
Proposal 8: PUCCH channels corresponding to functioning CORESETs are used to carry recovery request transmission for failed CORESETs.
Proposal 9: Beam management procedure should support the indication of partial control channel failure. 
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