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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. 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 1: 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 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 group-based-beam-reporting is configured as ‘ON’, 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 -----------
2.2. Measurement restriction for p/sp CSI-RS-BM resources
When measurement restriction is applied for CSI-RS resources for beam management, it is equivalent to apply one shot estimation of L1-RSRP. For aperiodic CSI-RS resources, it is naturally a one-shot measurement. However, for periodic and semi-persistent CSI-RS resources, it is not necessarily so. 

L1-RSRP measurement variation depends on the number of RE samples used for estimation. To keep L1-RSRP measurement stable, more samples are required. A stable measurement result is beneficial from beam management perspective. For periodic/semi-persistent CSI-RS resources for beam management, not supporting measurement restriction allows UE to acquire more samples from RS transmission in different periodic intervals. In particular, when QCL information is not provided in periodic resource configuration, same resources from different intervals should be assumed to follow same QCL assumption by UE. 
It is noted that in TS 38.211 Section 7.4.3.1, SSB with same block index on the same center frequency are assumed QCL’ed, meaning that filtering on the SSBs from different periodicity is enabled. Similar behavior for P/SP CSI-RS-BM resources should be assumed as well.

Proposal 2: measurement restriction is not supported for periodic and semi-persistent CSI-RS resources for beam management

Proposal 3: for periodic/semi-persistent CSI-RS resources configured for beam management,  if QCL information is not provided, UE assumes same CSI-RS resources from different periodic intervals follow same QCL assumption.
2.3. Default spatial QCL assumption for PDSCH

In current version of TS 38.214 Section 5.1.5, default spatial QCL assumption for PDSCH is not clearly specified and some clarification may be needed. Essentially, concerns were raised that the definition of “lowest CORESET-ID” and “latest slot in which one or more CORESETs are configured for the UE” does not seem clear enough.

Firstly, 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. Additional rule may be needed. When all CCs contains a lowest CORESET-ID, PDSCH default sQCL can follow the one indicated by the CC with lowest SCell index as tie breaker.
Secondly, time-domain slots information for CORESET monitoring is provided in SearchSpace IE. A specific CORESET configuration can be reused for defining multiple PDCCH search spaces. However, the spatial QCL assumption for the multiple PDCCH search spaces follows the same specific CORESET configuration. In this sense, the wording “latest slot” simply means the latest slot with SearchSpace configuration. 

Proposal 4: To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, the following rules are used: 1) Selecting lowest CORESET-ID in all activated CCs, 2) Selecting serving cell with lowest SCell index.
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 dynamic 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 to be completely signalled only when both the RRC configuration and MAC-CE are successfully received and applied. If the connection between the NW and the UE is re-configured or re-established or If only the RRC configuration of the spatial QCL indication is received at the UE, the UE cannot know which spatial filter to use for the PUCCH transmission. 
One example of such condition is radio link failure (RLF). When RLF is declared at a UE, the UE triggers RRC Connection Re-establishment procedure to re-establish the connection between the UE and the NW. During the procedure, the UE performs cell search and would try to connect to a cell via RACH procedure. The duration between the end of RACH procedure and the adoption of MAC-CE for PUCCH spatial QCL indication requires a default spatial QCL assumption for PUCCH transmission.
In addition to RLF, events such as handover and beam failure recovery (BFR) also make a UE experience the same problem. By observing these events, we can find one thing in common: the connection re-configuration/re-establishment in these events requires help from RACH or RACH-like procedure, e.g., BFR procedure. As a result, a sensible solution for the default spatial QCL assumption for PUCCH transmission is using the spatial filter for transmission of PRACH or the spatial filter for transmission of Msg. 3. These two spatial filters (may be the same one) are verified by the successful RACH procedure/BFR procedure, and thus should be used for following PUCCH transmission before complete PUCCH spatial QCL indication is signalled to the UE.
Proposal 5: When no spatial QCL indication is valid for PUCCH transmission due to events such as RLF, handover, and BFR, UE uses the spatial filter found in RACH procedure or in BFR procedure, i.e. the spatial filter for PRACH transmission or the spatial filter for Msg. 3, for PUCCH transmission until a valid spatial QCL indication is signalled to the UE.
3.2. Default spatial QCL assumption for PUSCH

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 can be missing if DCI format 0_0 is used, and thus a default spatial QCL assumption for PUSCH should be specified.
As discussed in DL beam management, the spatial filter for control channel is always a valid and robust option for data channel transmission. The information of spatial filter for PUCCH can be assumed to be available whenever a PUSCH is scheduled. As a result, using the spatial filter for PUCCH as the default spatial QCL assumption for PUSCH should be supported in NR. Similar to DL, a UE can be configured with multiple PUCCH resources, and each of the PUCCH resource may be configured with different spatial filters. To solve this ambiguity, the default spatial QCL assumption for PUSCH should be linked to the configured PUCCH resource with lowest resource ID.
Due to the support of carrier aggregation (CA) and dual connectivity (DC) in NR, which PUCCH should be used as the default spatial QCL assumption for PUSCH should be clarified in the specification. In the case of CA, it is sensible that the default spatial QCL assumption for PUSCHs in different carriers should refer to the PUCCH on PCell. In the case of DC, Since UE can transmit PUCCH on both PCell and pSCell, the default spatial QCL assumption for a PUSCH should depend on the scheduling source of this PUSCH. For example, for a PUSCH scheduled by pSCell, the default spatial QCL assumption for this PUSCH is the spatial filter for pSCell’s PUCCH. 
Proposal 5: When no spatial QCL indication is signalled through DCI for the scheduled PUSCH, UE uses the spatial filter for PUCCH as the default spatial QCL assumption for PUSCH.
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 6: 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 SRS-ResourceConfigType is set to 'periodic':

-
if the UE is configured with the higher layer parameter SRS-SpatialRelationInfo set to 'SSB/PBCH', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the higher layer parameter SRS-SpatialRelationInfo is set to 'CSI-RS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, if the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the 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 SRS-ResourceConfigType is set to 'semi-persistent':

-
….omitted text…..
-
if an SRS resource in the activated resource set is configured with the higher layer parameter SRS-SpatialRelationInfo, the UE shall assume that the reference in the activation command to the reference signal resource overrides the one configured in SRS-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.
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to 'aperiodic':

-
…. Omitted text ……..
-
if the UE is configured with the higher layer parameter SRS-SpatialRelationInfo set to 'SSB/PBCH', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the higher layer parameter SRS-SpatialRelationInfo is set to 'CSI-RS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, or of the aperiodidc CSI-RS. If the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the periodic SRS or of the semi-persistent SRS or of the 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. MAC-CE latency for beam management

MAC-CE latency remains an open issues for beam indication. Current candidate values include [4]:

Agreement:
· Downlink-related:

· Time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message. Note some of the MAC CE messages may carry QCL information. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values, which may be based on UE capability.

· For PDSCH

· Candidate values (slots): 8, 10, 20, 40, 80 (considering the minimum 10 ms periodicity for TRS in case of 80 slots) 

· For PDCCH:

· Candidate values (slots): 8, 10, 20, 40, 80 

· For SP-CSI-RS:

· Candidate values (slots): 8, 10, 20, 40, 80

· For aperiodic CSI trigger state subselection:
· Candidate values (slots): 8, 10, 20, 40, 80

· Uplink-related:

· Time between the ACK transmission for the PDSCH carrying the MAC-CE activation message and the time that the UE applies the MAC-CE message. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values, which may be based on UE capability.

· For semi-persistent SRS:
· Candidate values (slots): 8, 10, 20, 40, 80

· For semi-persistent CSI reporting (on PUCCH):

· Candidate values (slots): 8, 10, 20, 40, 80

· For PUCCH-SpatialRelationInfo:

· Candidate values (slots): 8, 10, 20, 40, 80
The latency is related to MAC-CE parsing and based on the parsing result, further L1 processing and L1 configuration is needed. In our opinion, there is no meaningful performance gain by pushing a very short MAC-CE latency. For example, in our previous contribution [5], we analysed the benefit of specifying a very short DB value (i.e., time duration to determine and apply spatial QCL information from DCI for current PDSCH reception) by comparing the DB value with a beam coherence time, where the beam coherence time is defined as the average time before a TRP beam switch is required. The results show that beam coherence time is significantly larger than the candidate latency values under consideration, so that there is hardly any expected loss due to longer latency. Since the latency value is a trade-off between implementation cost and performance, there is no obvious justification to pursue a very short value. In our opinion, 3ms can be a starting point for discussion.
Proposal 7: For MAC-CE latency, 3ms latency can be considered as baseline UE capability.
5. Conclusion

In summary, based on the above discussion we have the following proposals:
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