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1 Introduction

In RAN1 NR #89, #90, #90bis, #91, Adhoc#1801 and #92, the following has been agreed beam management [1]

 REF _Ref485329042 \n \h 
[2][3][4]

 REF _Ref503486571 \n \h 
[5][6]

 REF _Ref510749901 \n \h 
[7]:

Agreement:
Mechanism to indication of source QCL for a resource:

· P-CSI-RS – through RRC configuration

· FFS: If the spatial QCL can be configured through a reference to a configured TCI state

· SP-CSI-RS – configuring the resource(s) through RRC, activation/deactivation through MAC-CE;

· The QCL for SP- CSI-RS is indicated in the same MAC-CE message that activates the SP- CSI-RS. 

· The QCL is provided through an association with one of the M candidate TCI states

· AP-CSI-RS – 

· Through DCI (AP-CSI-report-triggering state indication)

· For each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC

· FFS: Value of M

FFS: TCI association on NZP-CSI-RS/ZP-CSI-RS based IMR

Agreement:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 

· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot

Agreement:

If all configured TCI states do NOT contain QCL Type D i.e. QCL w.r.t. spatial Rx parameter, a UE shall obtain the other QCL assumptions from the indicated TCI state for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH

Agreement:

The maximum number of configured ap-CSI-RS resources per set for beam management is 16. Introduce new constant in 38.331: maxNrofAP-CSI-RS-ResourcesPerSet = 16.

Agreements:

· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management

· FFS transmit power for the N SRS resources for UL beam management  
Agreements:

· Support UE to provide information to gNB to assist UL beam management

· The information can be a number representing the amount of SRS resources required for UE Tx beam training

· FFS the supported number(s), taking into account performance and implementation complexity aspects

· Note: these set of SRS resources are associated with a set of Tx beams

· FFS: signaling method

· E.g., capability signaling, or msg3, or dynamic signalling

· FFS: impact of multi-panel 

· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact
Agreement:

· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.

· NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.

· After receiving the SRS, NR supports gNB to update the SRS resource within the SRS resource set for beam management by RRC
Agreement:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.

	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS

FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC



	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS

FFS: AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE



	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS

Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


 FFS: The use of spatial relation across CCs and/or BWPs.
In this contribution, we discuss several remaining issues for beam management.
2 Remaining Issues
2.1 DL Beam Management
In previous RAN1 meetings, it was already agreed that M TCI states are configured by RRC, and subsequently up to 8 TCI states are activated by MAC-CE, to provide QCL references for PDSCH. The same set of M TCI states was agreed to be reused for CORESET, where MAC-CE may indicate 1 TCI state out of the M TCI states to be used as QCL reference for PDCCH, if K>1 TCI states are configured per CORESET. For ap-CSI-RS and PDSCH reception, QCL reference may be provided through an association with one TCI state which is indicated by DCI. For all the QCL references indicated for PDSCH, PDCCH and ap-CSI-RS, there are some delays associated with the activations/indications, which may cause ambiguity periods. Therefore, default QCL/spatial relation assumptions may need to be defined to resolve any potential ambiguity.

Ap-CSI-RS may be triggered in DCI field, and it was agreed that for each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC. Currently, the standard does not specify what QCL assumptions the UE should make if the time offset between reception of the DL DCI and the first symbol of the corresponding CSI-RS is less than the UE capability on time domain offset. A similar issue with PDSCH has already been clarified and resolved. A corresponding clarification is needed also for aperiodic CSI-RS. From our understanding, if the DCI triggered ap-CSI-RS is transmitted in the PDSCH region and the scheduling offset is smaller than a threshold value depending on a UE capability, the UE may assume the ap-CSI-RS resource(s) are QCL-ed with QCL-typeD with the same DL RS for the reception of PDSCH in the same slot. 
Proposal 1: If the scheduling offset between the reception of DCI and the first symbol of the triggered ap-CSI-RS is smaller than a threshold value indicated as a UE capability, a UE assumes the same QCL-typeD applied for ap-CSI-RS resource(s) as the reception of PDSCH.
For PDSCH, it was agreed that if the scheduling offset is <=k, the QCL assumption is based on a default TCI state corresponding to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot. Since the CORESET configuration of a UE may be BWP/CC specific, the default TCI state for PDSCH may also be BWP/CC specific. In addition, there may be ambiguity for the lowest CORESET ID. For example, the CORESET 0 may not be considered if its QCL reference is indicated during initial access and the QCL reference identified during initial access is not supposed to be used for RRC connected mode. A dedicated CORESET-BFR is defined for UE in beam failure recovery mode to monitoring recovery response from network. If a UE is not in the beam failure recovery mode, the CORESET-BFR should not be considered for default TCI state.
Proposal 2: When PDSCH scheduling delay is smaller than the Threshold-Sched-Offset, the lowest CORESET ID within the active BWP/CC should be used for the default TCI state determination 
For PDCCH, there is ambiguity that which TCI state is used for PDCCH QCL assumption between RRC configuration and MAC-CE activation when K>1 TCI states are configured by RRC. since a UE may not be able to differentiate the initial RRC configuration and RRC reconfiguration, a solution which defines a UE behaviour differently for initial RRC configuration and RRC reconfiguration may not work. For example, a solution uses most recent TCI state for RRC reconfiguration and uses a lowest entry of the TCI table for initial RRC configuration is not appropriate for NR. Thus, a single rule applicable for both initial RRC configuration and reconfiguration should be specified for a UE to determine the default TCI state for the period between RRC configuration and MAC-CE activation. For example, the lowest entry of the TCI table after RRC configuration is used for PDCCH reception until the MAC-CE activation is completed.

Proposal 3: During the period between RRC configuration and MAC-CE activation, a predetermined TCI state (e.g., lowest entry of the TCI table) needs to be used for PDCCH reception until MAC-CE activation is completed when K>1 TCI states are configured.
2.2 UL Beam Management

A UE may determine its Tx beam based on the determined Rx beam from downlink beam management procedures, therefore uplink beam management procedures may not be required when perfect beam correspondence is fulfilled at both the TRP and the UE sides. When the perfect beam correspondence does not hold at either TRP or UE side, UL beam management is need.

A Tx beam determined by UE based on beam correspondence may not be always the best Tx beam from the gNB perspective due to many reasons, e.g., hardware limitation such as UE transmit and receive array patterns difference due to beam control errors, and/or asymmetric interference between uplink and downlink. In this case, perfect or full UE beam correspondence does not hold, and UL beam management may be used to find the best UL Tx beam to override the UE autonomous Tx beam determination based on full beam correspondence to handle the system performance degradation.

In the case of imperfect UE beam correspondence, full beam sweeping may be used to identify the best UL Tx beam from all or most of UE Tx beams as shown in Figure 1. Full beam sweeping may be desired when no beam correspondence holds at UE side at all. However, always using full beam sweeping may not be efficient for UL beam management since full beam sweeping requires the larger amount of SRS resources to train all UE Tx beams which also leads to high latency and high power consumption. Therefore, using full beam sweeping to find alternative beam which overrides UE determined beam doesn’t seem to be desirable.

In addition, when a UE has a partial beam correspondence (e.g., a UE knows the best subset of Tx beams based on the Rx beam determined), a local beam sweeping may be used to identify the best UL Tx beam within the best subset of beams as shown in Figure 1, which are swept around the UE autonomous UL Tx beam determined based on DL Rx beam from DL beam management such as P1 or P3. 

The local beam sweeping may require smaller amount of SRS resources to train several neighbour beams, but it may be sufficient for UL beam management procedures. 

Proposal 4: A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 
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Figure 1 Full beam sweeping and local beam sweeping 

NR agreed to adopts the SRS Tx beam indication by a SRS resource or by a DL RS as the agreement captured in the Introduction section. Spatial QCL reference for different SRS resources such as P/SP/AP SRS may be configured with a high layer parameter SRS-SpatialRelationInfo. 
When SRS-SpatialRelationInfo is not configured for all or partial SRS resources, there’s no beam indication for those triggered SRS resources. The current specification did not specify the UE behaviour for such conditions. A simplest way to address this issue would be introducing a new high layer parameter such as SRS-ResourceRep if it still has a chance to include in RRC specification, similar to the existing higher layer parameter CSI-RS-ResourceRep for CSI-RS [8]. With this parameter, the UE should perform TX beam sweeping (U3) if SRS-ResourceRep is set to OFF, and use fixed TX beam (U2) if SRS-ResourceRep is set to ON. 
Proposal 5: A new high layer parameter SRS-ResourceRep may be introduced if possible to support the differentiation between U2 and U3 for a set of SRS resources used for UL beam management.
For aperiodic SRS, a dynamic indication of U2 or U3 procedure (e.g., SRS resource repetition flag) could be used for better flexibility of using configured SRS resources on top of the higher configured SRS-ResourceRep; or if there is no SRS-ResourceRep configured, the SRS resource repetition flag can be used instead. 
The SRS resource repetition flag may be implemented as a 1-bit DCI field. When it is set to ‘1’, a UE uses a fixed TX beam (U2) for the triggered SRS resources, and when it is set to ‘0’, UE performs TX beam sweeping (U3) for the triggered SRS resources. If the SRS resource repetition flag is not present in DCI, a UE use SRS-ResourceRep configured via higher layer to determine U2 or U3 procedure for the triggered SRS resources. In addition, if the SRS resource repetition flag is present in DCI and also the SRS-ResourceRep was configured, the UE may assume that the SRS resource repetition flag in the DCI overrides the configured SRS-ResourceRep.
Proposal 6: A new 1-bit DCI field (e.g., SRS resource repetition flag) is introduced to support the dynamic indication of U2 or U3 for the triggered aperiodic SRS resources.
3 Conclusions

In this contribution, we discuss on the open issues for DL beam management and UL beam management. Based on the discussion, we have the following proposals:
Proposal 1: If the scheduling offset between the reception of DCI and the first symbol of the triggered ap-CSI-RS is smaller than a threshold value indicated as a UE capability, a UE assumes the same QCL-typeD applied for ap-CSI-RS resource(s) as the reception of PDSCH.
Proposal 2: When PDSCH scheduling delay is smaller than the Threshold-Sched-Offset, the lowest CORESET ID within the active BWP/CC should be used for the default TCI state determination 
Proposal 3: During the period between RRC configuration and MAC-CE activation, a predetermined TCI state (e.g., lowest entry of the TCI table) needs to be used for PDCCH reception until MAC-CE activation is completed when K>1 TCI states are configured.
Proposal 4: A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 

Proposal 5: A new high layer parameter SRS-ResourceRep may be introduced if possible to support the differentiation between U2 and U3 for a set of SRS resources used for UL beam management. 
Proposal 6: A new 1-bit DCI field (e.g., SRS resource repetition flag) is introduced to support the dynamic indication of U2 or U3 for the triggered aperiodic SRS resources.
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