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1 Introduction 
In this contribution, we discuss the remaining issues of beam management. 

2 UL beam management
2.1 Default spatial relation for PUSCH
A default spatial relation for PUCCH prior to RRC configuration is specified in current specification (copied below for reference):
	TS38.213 Section 9.2.1
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP provided by SystemInformationBlockType1. The PUCCH resource set is provided by higher layer parameter PUCCH-Resource-Common and includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset, and a cyclic shift index set for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. The UE is not expected to generate more than one HARQ-ACK information bit.


However, there is no parallel text for PUSCH prior to RRC configuration specified in TS38.214. It is necessary to define the UE behavior to avoid ambiguity. Here, we propose that the UE transmits the PUSCH using the same spatial domain transmission filter as for Msg3 PUSCH transmission prior to RRC configuration to align the PUCCH and PUSCH spatial filter assumption.
Proposal 1: The UE transmits the PUSCH using the same spatial domain transmission filter as for Msg3 PUSCH transmission prior to RRC configuration.
2.2 SRS for U2 and U3
Similar to DL beam management, UL beam management has functions of U1, U2, and U3. For U2, the UE uses the same Tx beam to transmit SRS resources for the gNB to perform Rx beam sweeping. For U3, the UE uses different Tx beams to transmit SRS resources while gNB uses to same Rx beam to select the best Tx beam. In RAN1#90bis, the following descriptions of U2 and U3 procedures are agreed but not specified in specification:
	Agreements(R1-1719059):
· For UL beam management, 
· 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.


From the above agreement, U2 can be fulfilled by configuring one SRS resource spanning multiple symbols or by configuring the same SRS-SpatialRelationInfo for different SRS resources in a SRS resource set. It is clear that the current specification already supports the latter case, but for the former case, it is not very clear whether the UE should apply the same spatial domain transmission filter to different OFDM symbols for a SRS resource.
Proposal 2: Clarify in the specification that ‘‘A UE should apply the same spatial domain transmission filter to different OFDM symbols occupied by a SRS resource within a slot’’.
For U3, applying different Tx beams to different SRS resources can be done either implicitly or explicitly. It is clear the current specification can already support the explicit way by configuring different SRS-SpatialRelationInfo for different SRS resources in a SRS resource set. The implicit way can be done by not configuring SRS-SpatialRelationInfo for different SRS resources in a SRS resource set. However, it is not clear whether the UE will apply different or the same Tx beams to different SRS resources in this case, and should be clarified. In addition, it is also possible only some of the SRS resources are configured with SRS-SpatialRelationInfo. In this case, it can be clarified in the specification that the SRS resources without SRS-SpatialRelationInfo should be transmitted by using different spatial domain transmission filter other than the SRS resources with SRS-SpatialRelationInfo.
Proposal 3: For a SRS resource set configured with higher layer parameter SRS-SetUse= ‘BeamManagement’, if the SRS resources within the set are not configured with the higher layer parameter spatialRelationInfo, UE should transmit different SRS resources with different spatial domain transmission filters.
Proposal 4: For a SRS resource set configured with higher layer parameter SRS-SetUse= ‘BeamManagement’, if only a subset of the SRS resources is configured with SRS-SpatialRelationInfo, the SRS resources without SRS-SpatialRelationInfo should be transmitted by using different spatial domain transmission filter other than the SRS resources with SRS-SpatialRelationInfo.
3 DL beam management
3.1 TCI states of CORESET #0

The configuration of CORESET #0 is configured by MIB and there is no TCI state configured in CORESET #0. The motivation of no TCI state configured in CORESET #0 is UE can change the monitored SS/PBCH block based on its measurement without notifying the network. Therefore, excessive signaling overhead can be avoided when UE changes the monitored SS/PBCH block, especially in FR2. So, the suitable QCL assumption of CORESET #0 would be the best SS/PBCH block. In last meeting, there are some discussions on whether CORESET #0 can be used for other purpose such as scheduling unicast PDSCH. The agreement is that unicast PDSCH can be scheduled by a DCI associated with CORESET #0, and the network and UE maintain the same understanding on SS/PBCH block in connected mode for non-broadcast PDCCH. But how to maintain the same understanding between network and UE is still FFS:

	Agreements:

· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH

· Solutions FFS

· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes

· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0


Possible solutions discussed in last meeting include TCI state configuration for CORESET #0 or random access procedure. From our view, although current TCI framework allow the network to configure the TCI state of CORESET #0, the UE can always override it by rereading configuration in MIB unless UE is not allowed to change it Rx beam autonomously, which is not desirable. To transmit unicast PDSCH, the better approach is to configure another CORESET other than CORESET #0. Thus, we propose CORESET #0 is not expected to be configured with TCI state. UE uses the best SS/PBCH block as the QCL reference for CORESET #0.

Proposal 5: CORESET #0 is not expected to be configured with TCI state. UE uses the best SS/PBCH block as the QCL reference for CORESET #0
3.2 Default TCI state for PDCCH

There is an ambiguity period between RRC reconfiguration and MAC-CE activation when multiple TCI states are configured to PDCCH. A default TCI state for PDCCH is needed. In last meeting, there are two main alternatives discussed:

· Alt 1: Default TCI state for a CORESET is given by the SS/PBCH block identified during a RACH procedure or the RS for the most recently activated TCI state from the list TCI-StatesPDCCH for the CORESET
· Alt 2: First element of the list of TCI states TCI-StatesPDCCH contains the default TCI state
For Alt 1, it is a kind of optimization by combining two procedures. For example, after RRC connection establishment, the UE just finishes the random access procedure. In this case, the suitable default TCI state for the period between initial RRC reconfiguration and MAC-CE activation would be the SS/PBCH block identified during initial access procedure. Another example is beam failure recovery. The SS/PBCH block identified by RACH procedure during beam failure recovery is also the suitable default QCL assumption until MAC-CE activation. Note that this procedure is aligned with current text in TS 38.213 when the UE has received initial configuration of more than one TCI state (copied below for reference).

	TS 38.213 section 10.1

If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable.


On the other hand, for subsequent RRC reconfiguration, the most recently activated TCI state may be a better choice compared to the SS/PBCH block identified during initial access procedure. In Alt 1, the required beam switch would be one. The disadvantage of Alt 1 is inconsistent UE behaviour between ‘initial RRC reconfiguration’ and ‘subsequent RRC reconfiguration’.

For Alt 2, the argument is since the network has configured a list of new TCI state, the previous activated TCI state might be out of date. However, this procedure might require two beam switches and the UE behaviour is not consistent between ‘initial RRC reconfiguration’ and ‘subsequent RRC reconfiguration’.

Based on the above discussion, to maintain consistent UE behaviour and simplicity, we propose when a UE received RRC reconfiguration of more than one TCI state, the default TCI state for PDCCH reception is given by the SS/PBCH block identified during a most recent RACH procedure.
Proposal 6: When a UE received RRC reconfiguration of more than one TCI state, the default TCI state before MAC-CE activation for PDCCH reception is given by the SS/PBCH block identified during a most recent RACH procedure.
3.3 Default TCI state for PDSCH

To determine the default TCI state for PDSCH, there are two cases to be considered. The first one is the time period between RRC reconfiguration and MAC-CE activation. It is noted that the default TCI state when a UE receives initial higher layer configuration of TCI states and before reception of MAC-CE is given by the SS/PBCH block identified during initial access procedures (copied below for reference). 

	TS 38.214 section 5.1.5

After a UE receives [initial] higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable.


It is preferable to have the same UE behaviour between ‘initial RRC reconfiguration’ and ‘subsequent RRC reconfiguration’. Thus, we propose when a UE received RRC reconfiguration of TCI state, the default TCI state before MAC-CE activation for PDSCH reception is given by the SS/PBCH block identified during a most recent RACH procedure.
Proposal 7: When a UE received RRC reconfiguration of TCI state, the default TCI state before MAC-CE activation for PDSCH reception is given by the SS/PBCH block identified during a most recent RACH procedure.
Another case is when the PDSCH is scheduled with an offset which is smaller than the scheduling threshold. It has been agreed the CORESET with the ‘lowest CORESET-ID’ in active BWP in the latest slot is used to determine the default QCL assumption for PDSCH. 
	Agreement 

· For the case of single CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs in active BWP


However, it has been identified that some CORESET may not have TCI state configured (e.g. CORESET #0 or CORESET-BFR). As discussed in previous section, we consider CORESET #0 is not expected to be configured with TCI state. Therefore, we propose to further clarify that the ‘lowest CORESET-ID’ here needs to only consider CORESET with TCI state configured.

Proposal 8: For the case of single CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs with configured TCI state in active BWP.
In case of multi-CC, since the CORESET-ID is only unique among BWPs of a serving cell, the same CORESET-ID might appear in different CCs. Therefore, it should be clarified how to determine the ‘lowest CORESET-ID’ in case of multi-CC scenario. Here, we propose to extend from the single CC case. To decide the ‘lowest CORESET-ID’ in multi-CC case, only consider the CORESETs with configured TCI state in the activated CCs. In case of same CORESET-ID, select the one with lowest serving cell index.
Proposal 9: For the case of multi-CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs with configured TCI state in the activated CCs. In case of same CORESET-ID in different CCs, select the one with lowest serving cell index.
4 Conclusion

In this contribution, we have discussed the remaining issues of beam management, and we have the following proposals. 
Proposal 1: The UE transmits the PUSCH using the same spatial domain transmission filter as for Msg3 PUSCH transmission prior to RRC configuration.
Proposal 2: Clarify in the specification that ‘‘A UE should apply the same spatial domain transmission filter to different OFDM symbols occupied by a SRS resource within a slot’’.
Proposal 3: For a SRS resource set configured with higher layer parameter SRS-SetUse= ‘BeamManagement’, if the SRS resources within the set are not configured with the higher layer parameter spatialRelationInfo, UE should transmit different SRS resources with different spatial domain transmission filters.
Proposal 4: For a SRS resource set configured with higher layer parameter SRS-SetUse= ‘BeamManagement’, if only a subset of the SRS resources are configured with SRS-SpatialRelationInfo, the SRS resources without SRS-SpatialRelationInfo should be transmitted by using different spatial domain transmission filter other than the SRS resources with SRS-SpatialRelationInfo.
Proposal 5: CORESET #0 is not expected to be configured with TCI state. UE uses the best SS/PBCH block as the QCL reference for CORESET #0
Proposal 6: When a UE received RRC reconfiguration of more than one TCI state, the default TCI state before MAC-CE activation for PDCCH reception is given by the SS/PBCH block identified during a most recent RACH procedure.
Proposal 7: When a UE received RRC reconfiguration of TCI state, the default TCI state before MAC-CE activation for PDSCH reception is given by the SS/PBCH block identified during a most recent RACH procedure.
Proposal 8: For the case of single CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs with configured TCI state in active BWP.
Proposal 9: For the case of multi-CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs with configured TCI state in the activated CCs. In case of same CORESET-ID in different CCs, select the one with lowest serving cell index.
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