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Introduction
[bookmark: _Hlk22834419]A WI [1] was agreed in RAN#86 for further enhancements on MIMO for NR. The detailed objectives on enhancements on multi-beam operation are as follows:
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

In RAN1#102e [2], the multi-beam enhancement topics in Rel. 17 were categorized into six issues as follows.

1. [Issue 1] Unified TCI framework
1. [Issue 2] L1/L2-centric inter-cell mobility 
1. [Issue 3] Dynamic TCI state update signaling medium: 
1. [Issue 4] MP-UE assumption to facilitate fast UL panel selection
1. [Issue 5] MPE mitigation 
1. [Issue 6] Other enhancements

In this contribution, we present our views on the remaining topics for the identified issues related to joint TCI framework on the UL and DL, MP-UE fast selection and beam tracking improvements.

[Issue 1] Unified TCI Framework

In RAN1#102e [2], an agreement has been made to support a joint TCI for DL and UL based on and analogous to Rel. 15/16 DL TCI framework whereas 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. It was left as a working assumption whether the value of M is 1 or greater than 1. 

[bookmark: _Hlk53730707]Support joint TCI for DL and UL based on and analogous to Rel.15/16 DL TCI framework
1. 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 
1. [bookmark: _Hlk53740351][bookmark: _Hlk53738798]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
· 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
· FFS: Applicability on PDSCH includes PDSCH default beam
· Working Assumption: Select between M=1 and M>=1

In RAN1#103e [3], an agreement has been made to accommodate the case of separate beam indication for UL and DL, whereas 2 separate TCI states, one for DL and one for UL, are used, and for the separate DL TCI, the source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC. 

Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC

As Rel. 17 aims at making the beam management operation more efficient and streamlined, it is important to enable support for use cases requiring multiple TCI states for beam indication per subset of CORESETs in a CC, from the beginning. Multi-TRP operation is one such use case.  M can therefore be greater than 1, and set to 2 as a start to accommodate the multi-TRP use case.

Proposal 1: The unified TCI framework applies for multi-TRP scenarios

Proposal 2: Support M>= 1 TCIs to provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC. 

In the RAN1#102e agreement, there is also an FFS on whether the common QCL information can be applied to CSI-RS resource for CSI, CSI-RS resource for BM, and CSI-RS for tracking. It seems logical to extend the applicability of the common QCL information to CSI-RS resource for CSI, as its transmit beam is typically the same as that of the PDSCH beam. The common QCL information can also be applicable to CSI-RS resource for BM, at least with repetition ‘on’. Similarly, the common QCL information can be extended to CSI-RS for tracking, as the QCL source for the common TCI state can be used as a QCL source for CSI-RS for tracking. 

Proposal 3: On Rel. 17 unified TCI framework, the source reference signal(s) in M TCIs can also provide common QCL information for one or more CSI-RS resources for CSI, CSI-RS for tracking, and some CSI-RS resource for BM.


In RAN1#103e, an agreement has been made on the TCI pool for the joint DL/UL beam indication:
Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling





Whether separate DL and UL TCI states will use separate DL and UL TCI pools is still not decided. Such an agreement needs to take into account the incurred RRC overhead.
The UL TCI state, when separate from the DL TCI state, should include the source RS for the UL TCI. The source RS can be SSB or CSI-RS, in addition to the SRS for BM. The UL TCI state could also potentially include a DL RS as the PL RS. 
The DL TCI state on the other hand contains parameters to configure QCL information between one or two RSs, each with a different QCL type indication. The DL TCI state does not include SRS as a QCL type D source RS. The contents of the UL TCI state thus differ from the contents of the DL TCI state. 
· If the separate DL and UL TCI states were to use the same TCI pool, parameters need to be added to the TCI state definition to merge the differences between the TCI states, and this will be reflected in the RRC signaling. The addition of parameters to the content of the TCI state, albeit some of them are optional, will affect both the separate and joint TCI state indication, as the joint TCI pool will be common for both. 
· If separate TCI pools are used, the UL TCI state pool is configured separately, and needs to be configured only for the case of separate TCI state indication, and there needs to be an indication on which of the two pools is used for the TCI state indication. 

Configuring two separate DL and UL TCI state pools for the separate DL and UL TCI state indication is a less complicated solution, that avoids extending the size of the DL TCI state pool or its content, given that the joint TCI state indication constitutes the majority of the cases, as pointed out in the motivation of the unified TCI framework.

Proposal 4: Two separate DL/UL TCI state pools are used for separate DL/UL TCI state update. 

Another topic for discussion for the unified TCI framework is the inclusion of UL parameter settings in the unified TCI framework. The UL parameters can consist of the PL RS, as well as UL power control parameters. 
There are mainly two options for inclusion of the UL parameter settings, either as part of the unified TCI framework, or outside of the TCI framework. Similarly, the UL parameter settings, if not included within the TCI framework can either be linked to the TCI framework or indicated outside and independently of the TCI framework. 
For the UL PC parameters, inclusion and association with the TCI framework might be too restrictive, as these should be defined per UL channel. 
For the PL RS, however, it is beneficial to include it or associate it with the TCI state in the Rel. 17 unified TCI framework, especially for the UL TCI state with SRS for BM as a source RS. The PL RS can be included in the UL TCI state for separate DL and UL beam indication. 

Proposal 5: A PL-RS can be configured in a TCI state in a Rel. 17 unified TCI framework



[Issue 4] MP-UE assumption to facilitate fast UL panel selection
To facilitate fast UL panel selection for a UE with multiple panels, we can make use of the unified TCI framework. In Rel. 16, an identifier was introduced to facilitate panel specific UL beam selection. Such an identifier is not needed when using a joint TCI or an UL TCI state. The TCI state pool can itself be used to differentiate between the panels for UL transmission. One example is that a subset of the TCI states can be used to indicate a particular UE panel, and the network can infer the UE panel from the TCI state update. 
Proposal 6: Explicit panel identifier is not needed for fast panel selection 
[Issue 6] Enhancements for Improved Coverage and Reduced Latency 
One of the objectives of the beam management agenda item in Rel. 17 is to identify and specify features that facilitate a more efficient beam management procedure. In RAN1#103e, the following proposal was debated, but no conclusion was reached following companies concerns on scope and priority.
Proposal 6.A: Investigate and, if needed, specify at least the following enhancements for beam refinement/tracking in Rel.17 (with lower priority than the other five issues and later starting point during the WI phase):
· Group 1: Beam measurement and reporting enhancement via RACH (e.g. RO for measurement and MSG3 for reporting) 
· Group 2: Improving efficiency (latency and/or overhead) of beam refinement assuming the unified TCI framework (issue 1): 
· Enabling joint DL TX and RX beam refinement/tracking (P2+P3)  
· Additional UE report to aid P1/P2/P3 related measurement/report configuration (triggering frequency or periodicity)
· Group 3: Beam management with reduced DL signaling assuming the unified TCI framework (issue 1): 
· Dynamic beam update based on beam report (without beam indication)
· Dynamic beam measurement and report triggered by beam indication (without CSI-RS/CSI triggering)
· Configuring/indicating to UE multiple SSBs for beam tracking
· Semi-static/pre-planned (RRC based) beam transition (for, e.g. isolated HST deployment)
· Reducing activation delay of TCI states (e.g. via storing QCL properties of a subset of source RSs for a time period)

In our opinion, the topics in this issue are very important to specify, as the issue of improved coverage and latency has not been fully addressed in the other issues being specified in this agenda item. We thus support investigating and specifying these enhancements for beam refinement and tracking in Rel. 17.

We propose beam refinement and tracking enhancement applicable in initial access to improve the latency and coverage of the DL channels in initial access as well as other channels and signals for connected UEs. 
In RAN1#103e, concerns were raised on the relevance of such an improvement method to the scope of discussion in the beam management agenda item. Some companies claiming that initial access improvements are not within the scope of beam management. In our understanding, beam management enhancements are best handled in this agenda item, as the expertise on beam management procedure enhancements and performance improvements for different channels lies within this group. 

During initial cell search, in the NR 4-step random access procedure, beam measurement and reporting is performed using SS/PBCH blocks. The gNB transmits multiple SS/PBCH blocks with different spatial filters, and the UE measures and selects the beam based on SS-RSRP. The UE transmits the PRACH according to the detected best beam. At the gNB, the SS/PBCH block is derived from the PRACH preamble/resource of msg. 1. The gNB then uses the selected beam based on msg. 1 for subsequent msg.2, msg.4 PDSCH transmissions,  

[image: A picture containing graphical user interface

Description automatically generated]Figure 1: An example of indicating alternative beams in msg. 3 of RACH procedure



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 the beam ID(s) of alternative DL Tx beams that can be used for transmission at the gNB in msg. 3 payload. The alternative DL Tx beam(s) are measured at the UE using SS-RSRP and are determined at the UE to be good candidate DL Tx beams. This is further illustrated in Figure 1 whereas SS-3 is identified for transmission for msg. 2 and indicated using the PRACH preamble/resource, and SS-2 is further measured at the UE using SS-RSRP to be a good alternative candidate for DL Tx beam. SS-2 is then explicitly indicated in msg. 3 as an alternative beam to be used for subsequent channels. 
Proposal 7: Study beam adjustment reporting in msg. 3 of the RACH procedure
When the alternative DL Tx beam(s) are indicated in msg. 3, the gNB can make use of the beam adjustment information for DL transmission to the UE. When msg. 3 is successfully decoded, the gNB has access to at least two beams to use for DL channels. The gNB can then either choose the original beam or the new beam for transmission of msg. 4 or transmit the same msg. 4 on two beams. This increased diversity help improve the robustness and the coverage of physical channels in initial access/random access procedure. It can further be useful for coverage enhancements for subsequent connected mode physical channels.  
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 8: The presence of SS block indices in msg. 3 can be indicated to the UE
Conclusion
In this contribution, we discussed enhancements on beam management. We made the following proposals.
    
Proposal 1: The unified TCI framework applies for multi-TRP scenarios
Proposal 2: Support M>= 1 TCIs to provide QCL information at least for UE-dedicated reception on PDSCH and for  UE-dedicated reception on all or subset of CORESETs in a CC. 
Proposal 3: On Rel. 17 unified TCI framework, the source reference signal(s) in M TCIs can also provide common QCL information for one or more CSI-RS resources for CSI, CSI-RS for tracking, and some CSI-RS resource for BM.
Proposal 4: Two separate DL/UL TCI state pools are used for separate DL/UL TCI state update. 
Proposal 5: A PL-RS can be configured in a TCI state in a Rel. 17 unified TCI framework
Proposal 6: Explicit panel identifier is not needed for fast panel selection. 
Proposal 7: Study beam adjustment reporting in msg. 3 of the RACH procedure.
Proposal 8: The presence of SS block indices in msg. 3 can be indicated to the UE
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