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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.

[Issue 1] Unified TCI Framework

One remaining issue for the unified TCI framework is related to the applicability of the QCL information to CSI-RS resource for CSI, CSI-RS resource for BM, and CSI-RS for tracking. 
The following agreement was reached in RAN1#104e [3],

Agreement
On Rel.17 unified TCI framework, decide by RAN1#104bis-e:
· Whether DL or, if applicable, joint TCI also applies to the following signals. If not, FFS any other enhancement over Rel.15/16:
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· Whether UL or, if applicable, joint TCI also applies to the following signals
· Some SRS resources or resource sets for BM

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. 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 1: 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 CSI-RS resources for BM.

Another topic for discussion for the unified TCI framework is the inclusion of UL parameter settings in the unified TCI framework. The UL parameters 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. 

In RAN1#104e [3], the following agreements were made to progress the inclusion of UL parameter settings in the unified TCI framework. 


Agreement
On Rel.17 unified TCI framework:
· Select at least one of the following alternatives by RAN1#104bis-e for path-loss measurement (PL-RS): 
· Alt1. PL-RS can be included in UL TCI state or (if applicable) joint TCI state. 
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state.  
· Alt2. PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state 
· FFS: Exact association mechanism 
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· Alt3. The periodic DL-RS used as a source RS for determining spatial TX filter can be used as PL-RS. In case the periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS, reuse Rel.16 procedure with the same signaling structure (MAC CE+SRI field in UL-related DCI) to indicate PL-RS for UL transmission with minimum enhancement (e.g. pertaining to the use for PUCCH, or using default PL-RS) 
· PL-RS is not additionally configured in or associated to UL TCI state or (if applicable) joint TCI state
· Alt4. UE calculates path-loss based on periodic DL RS configured as the source RS or a periodic QCL-Type-D/spatialRelationInfo source of the source RS in UL TCI state or (if applicable) joint TCI state 
· FFS: Whether UE can calculate path-loss based on DL periodic RS for path-loss calculation for UL RS in the UL TCI
· FFS: Application time of PL-RS
· NOTE: As in Rel-16, a UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions 
· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates


PL-RS can be included or associated with the TCI state in the Rel. 17 unified TCI framework. When the UL TCI state has a periodic DL source RS (or an aperiodic DL source RS that is QCLed with a periodic DL source RS), the PL-RS can be the DL source RS that is used as a source reference signal for the UL TCI. 
In the absence of a periodic DL source RS, where the UL TCI state as an UL source RS such as SRS for BM, the PL-RS is included in the UL TCI state. We thus support alternative 1. 

Proposal 2: In the absence of a DL-RS as a source RS for determining UL spatial TX filter, PL-RS can be included in the UL TCI state

Another important topic for discussion to finalize the unified UL TCI framework, is determining the possible source RSs for the unified TCI.  In RAN1#104e [3], the following agreement have been made on source RS for common QCL information. 

Agreement
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types 

Agreement
On Rel.17 unified TCI framework, the following source RS types for UL TX spatial filter are supported:
· CSI-RS for tracking
· Note: SRS for BM, SSB, and CSI-RS for BM have been agreed in RAN1#102-e
· FFS (to be decided by RAN1#104bis-e): non-BM CSI-RS other than for tracking, non-BM SRS

Agreement
On Rel.17 unified TCI framework:
· For joint and separate DL/UL TCI, DL large scale QCL properties are inferred from one (qcl-Type1) or two RSs (qcl-Type1 and qcl-Type2) analogous to Rel.15/16
· For joint DL/UL TCI, UL spatial filter is derived from the RS of DL QCL Type D 

Currently, the source RSs agreed to be applicable to DL TCI are CSI-RS for beam management and CSI-RS for tracking. In addition, SSB is agreed as a source RS for UL TCI. SSB and CSI-RS for CSI can be included as a source RS for DL TCI. 
For the case of SSB, one objection was on the configuration of TRS as a source RS for QCL type A and having SSB as a source RS for QCL type D, when the SSB is not QCL type D with the TRS. This issue can be avoided by configuration. 

For the case of SRS for BM as a source RS for DL TCI, the benefits are not clear. A DL RS will still be needed as a source RS for SRS, negating any possible overhead savings. Overhead savings are further diminished when considering how fast the UE beam might change, and how often the SRS beam needs to be updated. 

Proposal 3: For the Rel. 17 unified TCI framework, support SSB and CSI RS for CSI acquisition as a direct DL QCL type D source RS.

In RAN1#103e [2], 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 consider 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. 

One more aspect for consideration for the unified TCI framework is how to indicate the considered TCI state to the UE. In RAN1#104e [3], the following agreement for down selection was made. 

Agreement
On Rel.17 unified TCI framework, by RAN1#104bis-e, down select or modify at least one from the following alternatives:
· Alt1. A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI 
· Details on dynamic indication are FFS
· FFS: UE capability for the support of joint DL/UL TCI and/or separate DL/UL TCI
· Alt2A. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via RRC signaling
· Alt2B. A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling
· Alt3. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling
· Details on how this is signaled in relation to TCI activation are FFS

It is important for the UE to be able to use either joint DL/UL TCI or separate DL/UL TCI when needed, dynamically. Waiting for RRC configuration of either TCI state might result in a performance degradation. We thus support Alt. 1.

Proposal 5: On Rel. 17 unified TCI framework, a UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI

For the Rel. 17 unified TCI framework, the default PDSCH beam(s) defined in Rel. 15/Rel. 16 can be included in the new joint TCI framework. The default PDSCH beam(s) can be updated to follow the common QCL information given by the TCI state.   

Proposal 6: The common QCL information can indicate the PDSCH default beam(s)

Conclusion
In this contribution, we discussed enhancements on beam management for the unified TCI framework. 
We made the following proposals.
    
Proposal 1: 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 CSI-RS resource for BM.
Proposal 2: In the absence of a DL-RS as a source RS for determining UL spatial TX filter, PL-RS can be included in the UL TCI state
Proposal 3: For the Rel. 17 unified TCI framework, support SSB and CSI RS for CSI acquisition as a direct DL QCL type D source RS.
Proposal 4: Two separate DL/UL TCI state pools are used for separate DL/UL TCI state update. 
Proposal 5: On Rel. 17 unified TCI framework, a UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI
Proposal 6: The common QCL information can indicate the PDSCH default beam(s)
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