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1.  Introduction 

In this contribution, we provide our view and analysis on remaining issues on beam management.
2.  Configuration for DL Beam measurement and reporting
2.1. Default spatial QCL assumption for PDSCH

Agreement (RAN1#91):

· 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 (RAN1#92bis) 

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 
Default spatial QCL assumption for PDSCH when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset was agreed to follow “lowest CORESET-ID”. However, the CORESETs space to determine “lowest CORESET-ID” is not clear. In RAN1#92bis meeting, progress is made in single CC case where the “lowest CORESET-ID” is determined by considering only CORESETs in active BWP. For multiple CCs case, the issue remains open

Though CORESET is per-BWP configured, only active BWP is monitored. In single-CC case, “lowest CORESET-ID” is thus BWP-specific. In multi-CC case, there could be multiple active BWPs with CORESETs configuration. Since the indexing of CORESETS are CC-specific, CORESET-ID of multiple CCs can be the same. Therefore, a tie-breaking rule is needed. 

In multi-CC case, RLM is performed on both PCell and pSCell (if configured). Robustness of PCell/pSCell control channel is thus more important than other SCells. Prioritizing sQCL of CORESETs on PCell/pSCell as default PDSCH sQCL is thus sensible.

Proposal 1: To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, UE selects from CORESTS in activated BWPs of PCell and sPCell based on the following rules: 1) Selecting lowest CORESET-ID in activated BWP of PCell if the concerned PDSCH belongs to MCG, 2) Selecting lowest CORESET-ID in activated BWP of sPCell if the concerned PDSCH belongs to SCG
2.2. Differential RSRP reporting

It has been agreed that differential reporting is adopted when the number of reported beams is larger than one. In differential reporting, the beam with largest L1-RSRP is reported with 7 bits in absolute scale, while the remaining beams are reported with 4-bit differential L1-RSRP value by using the beam with largest L1-RSRP as reference. 

Based on the reporting content, gNB can derive the L1-RSRP values of individual reported beams. However, when the beam with largest L1-RSRP is strong enough so that it reaches out the largest representable value range of 7 bit, gNB would not be able to decide what L1-RSRP value of the strongest beam is. In turn, gNB cannot derive the L1-RSRP values of the rest of the reported beams. 
The problem is further illustrated in Figure 1. When the largest L1-RSRP is 14 dB stronger than the largest value range of 7-bit representation, it is sensible for gNB to assume its value to be the largest value range of 7-bit representation, i.e., -44 dBm. By doing so, -44dBm will be used as the reference for deriving other remaining reported L1-RSRP values that are differentially reported. As illustrated in Figure 1, this introduces an offset between the real value and the gNB-derived value of the differentially reported L1-RSRP.
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Figure 1: Illustration of issues caused by an out-of-range L1-RSRP value.

To resolve the issue, one sensible way is to use the maximal value of 7-bit representation as the reference when the beam with largest L1-RSRP is reported as out-of-range, i.e., when the beam with largest L1-RSRP value is reported as “110_0001”, UE calculates the differential L1-RSRP of remaining beams by using -44dBm as reference, rather than the true value of the largest-L1-RSRP-beam. This way, gNB would have enough information to decide L1-RSRP values that are differentially reported. The concept is illustrated in Figure 2.
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Figure 2: Differential reporting by using largest representable L1-RSRP value as reference.

Proposal 2: For differential L1-RSRP reporting, when the largest L1-RSRP is reported as out-of-range, the maximal value of 7-bit representation is used as the reference value for calculating differential L1-RSRP value of remaining reported beams.

Text proposal for 38.214 Section 5.2.1.4.3
---- start of text change ----------------
For L1-RSRP reporting, if the higher layer parameter nrofReportedRS in CSI-ReportConfig is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter groupBasedBeamReporting is configured as ‘enabled', the UE shall use differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. If the largest L1-RSRP value reaches the maximal value of 7-bit representation, the differential L1-RSRP values are computed with a reference to the maximal value of 7-bit representation. The mapping between the reported L1-RSRP value and the measured quantity is described in [11, TS 38.133].

----- end of text change -----------
3. Configuration for UL Beam Management
3.1.  Default spatial QCL assumption for PUCCH
Agreement (RAN1 #91):
· Modify the RRC parameter PUCCH-Spatial-relation-info as list. 

· Each entry can be SSB ID or, a CRI, or a SRI

· One or multiple SpatialRelationInfo IE(s) is included in the list.

· Introduce MAC-CE signalling to provide spatial relation information for a PUCCH resource to one of the entries in PUCCH-Spatial-relation-info

· If PUCCH-Spatial-relation-info includes one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.

· MAC-CE Impact:

	TS38.214
	 
	Indication of spatial relation for PUCCH
	Provides the spatial relation for a PUCCH resource
	PUCCH resource ID | Bitmap of size [8]
(Bitmap activates one of the [8] entries within the RRC parameter PUCCH-Spatial-relation-info) 


· RRC modification:

	PUCCH-SpatialRelationInfo
	New
	PUCCH- SpatialRelationInfo
	List of configurations of the spatial relation between reference RS and PUCCH. Reference RS can be SSB/CSI-RS/SRS.
SSB Index, NZP-CSI-RS-ResourceConfigId, or SRS-ResourceConfigId
	
	UE-Specific
	
	38.331
	


The above agreement specifies the 2-stage mechanism for PUCCH spatial QCL indication. The 2-stage mechanism enables flexible beam adjustment by introducing MAC-CE as part of the indication signalling, and still ensures the robustness. However, the PUCCH spatial QCL indication is considered complete only when both the RRC configuration and MAC-CE indication are successfully received and applied. In essence, whenever there is RRC reconfiguration of PUCCH-SpatialRelationInfo, or when is there an interruption on the original UL beam pair link due to e.g., RLF/handover/beam failure recovery, there would be a short period of time in which PUCCH beam is not clear. 

For the case of PUCCH-SpatialRelationInfo reconfiguration, the transmission for acknowledging the corresponding PDSCH with RRC reconfiguration is performed by assuming a latest indicated PUCCH spatial QCL assumption. Apparently, this implies that the latest indicated PUCCH spatial QCL assumption is still operational. It is thus natural for UE to carry on the sQCL assumption before further MAC-CE indication, based on the reconfigured PUCCH-SpatialRelationInfo, is received and applied.
For the case of RLF/handover/beam failure recovery, there is an accompanying PRACH transmission before a MAC-CE activation of one spatial relation in PUCCH-SpatialRelationInfo. For a successful RLF/handover/beam failure recovery, the UL spatial relation assumption for the accompanying PRACH must be operational. Applying the same UL spatial relation assumption for the PRACH transmission before receiving further MAC-CE activation of new spatial relation is apparently feasible.

Proposal 3: After an RRC re-configuration of PUCCH-SpatialRelationInfo or a beam failure recovery/RLF/handover, and prior to MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo, UE assumes a default spatial relation for PUCCH transmission by:

· If there is an accompanying PRACH transmission, follow the spatial relation for PRACH or msg 3 transmission.

· If this is no accompanying PRACH transmission, follow the most recent MAC-CE indicated spatial relation for the PUCCH resources.

3.2. Default spatial QCL assumption for PUSCH

Agreement (RAN1#92bis):
· For PUSCH scheduled by DCI format 0_0, the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP

· Above applies for a cell configured with PUCCH

· Note: the UE is configured with a list of spatial relations in PUCCH-SpatialRelationInfo. MAC-CE indicates a single selected spatial relation from the list on a per-PUCCH resource basis if the list has more than one element.

In NR, the spatial QCL indication for scheduled PUSCH is signalled through the SRI field in the DCI for both codebook-based and non-codebook-based UL transmission. However, the spatial QCL indication is absent if DCI format 0_0 is used, and thus a default spatial QCL assumption for PUSCH should be specified. In RAN1#92bis, it was agreed that for PCell/sPCell, PUSCH can simply follow PUCCH beam. For SCells which do not have PUCCH channel, the issue remains open.
For SCell PUSCH default beam scheduled by DCI format 0_0, a few alternatives and their corresponding analysis are provided below.

1. Reuse the spatial relation used by PCell/sPCell PUCCH resources with lowest ID in corresponding cell group.

·  This option works fine for intra-band CCs, but not necessarily so for inter-band CCs where spatial relation information may not be reused.

2. Refrain DCI format 0_0 from SCell PUSCH scheduling.

· In this case, the uncertainty of spatial relation information of PUSCH is eliminated by imposing scheduling constraint. The option works fine.

3. Mandate PUCCH resource configuration for SCell. 

· This option comes with RAN2 impact and seems not an appropriate option to consider for the time being.

Based on the above analysis, we feel that alternative 2 provides a better trade-off and should be taken as solution 
Proposal 4: For SCell PUSCH scheduling, the UE does not expect to receive DCI format 0_0.
3.3. UE behaviour upon receiving SRS beam indication

Agreement (RAN1#90bis):

· 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 [1], all P/SP/AP SRS resources can be configured with SRS-SpatialRelationInfo which indicates a spatial QCL reference for the corresponding SRS resource. However, since SRS-SpatialRelationInfo is optional, UE behaviour is not clearly defined when SRS-SpatialRelationInfo is not configured.

To efficiently utilize the triggered SRS transmission without beam indication, UE behaviour under such circumstance should be clarified. When there’s no beam indication for the triggered SRS resources within the same SRS resource set, NW should additionally indicate the UE whether a fixed beam should be used to transmit the triggered SRS resources within the same SRS resource set. The NW can configure a Boolean RRC parameter SRS-SameSpatialFilter as the indication. With this indication, NW knows exactly whether UE uses swept beams to transmit the triggered SRS resources within the same SRS resource set, and NW can then select proper receive beam(s) for measurements on these SRS resources. If there’s no beam indication for only part of the SRS resources within a SRS resource set, the spatial filters for transmission of these SRS resources are up to UE implementation.

Proposal 5: When no beam indication is configured for the triggered SRS resources, NW indicates the UE whether to use a fixed beam to transmit triggered SRS resources within the same SRS resource set via the RRC parameter SRS-SameSpatialFilter.
Text proposal for TS 38.214 Section 6.2.1

---- start of text change ----------------
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource  is set to 'periodic':

-
if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS. 
-    if the UE is not configured with the higher layer parameter SRS-SpatialRelationInfo, the UE is configured with the higher layer parameter SRS-SameSpatialFilter. If the higher layer parameter SRS-SameSpatialFilter is set to ‘True’, the UE shall transmit the SRS resources within the same SRS resource set with a fixed spatial domain transmission filter. If the higher layer parameter SRS-SameSpatialFilter is set to ‘False’, the UE shall transmit the SRS resources within the same SRS resource set with different spatial domain transmission filters.
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'semi-persistent':

-
….omitted text…..
-
if an SRS resource in the activated resource set is configured with the higher layer parameter spatialRelationInfo, the UE shall assume that the ID of the reference signal in the activation command overrides the one configured in spatialRelationInfo.
-
if the UE is not configured with the higher layer parameter SRS-SpatialRelationInfo and the received activation command does not contain spatial relation assumptions, the UE is configured with the higher layer parameter SRS-SameSpatialFilter. If the higher layer parameter SRS-SameSpatialFilter is set to ‘True’, the UE shall transmit the SRS resources within the same SRS resource set with a fixed spatial domain transmission filter. If the higher layer parameter SRS-SameSpatialFilter is set to ‘False’, the UE shall transmit the SRS resources within the same SRS resource set with different spatial domain transmission filters.
-
…. Omitted text ……..
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':

-
…. Omitted text ……..
-
if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, or of the reference aperiodic CSI-RS. If the higher layer parameter spatialRelationInfo contains the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent SRS or of the reference aperiodic SRS. 
-
if the UE is not configured with the higher layer parameter SRS-SpatialRelationInfo, the UE is configured with the higher layer parameter SRS-SameSpatialFilter. If the higher layer parameter SRS-SameSpatialFilter is set to ‘True’, the UE shall transmit the SRS resources within the same SRS resource set with a fixed spatial domain transmission filter. If the higher layer parameter SRS-SameSpatialFilter is set to ‘False’, the UE shall transmit the SRS resources within the same SRS resource set with different spatial domain transmission filters.
---- end of text change ----------------
4. Conclusion

In summary, based on the above discussion we have the following proposals:
Proposal 1: To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, UE selects from CORESTS in activated BWPs of PCell and sPCell based on the following rules: 1) Selecting lowest CORESET-ID in activated BWP of PCell if the concerned PDSCH belongs to MCG, 2) Selecting lowest CORESET-ID in activated BWP of sPCell if the concerned PDSCH belongs to SCG
Proposal 2: For differential L1-RSRP reporting, when the largest L1-RSRP is reported as out-of-range, the maximal value of 7-bit representation is used as the reference value for calculating differential L1-RSRP value of remaining reported beams.
Proposal 3: After an RRC re-configuration of PUCCH-SpatialRelationInfo or a beam failure recovery/RLF/handover, and prior to MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo, UE assumes a default spatial relation for PUCCH transmission by:
· If there is an accompanying PRACH transmission, follow the spatial relation for PRACH or msg 3 transmission.

· If this is no accompanying PRACH transmission, follow the most recent MAC-CE indicated spatial relation for the PUCCH resources.

Proposal 4: For SCell PUSCH scheduling, the UE does not expect to receive DCI format 0_0.
Proposal 5: When no beam indication is configured for the triggered SRS resources, NW indicates the UE whether to use a fixed beam to transmit triggered SRS resources within the same SRS resource set via the RRC parameter SRS-SameSpatialFilter.
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