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1 Introduction
In the last meeting [1], the following agreements have been made for beam management.

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 
Agreement:
· 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.

Agreement
· Support SP-SRS as mandatory with UE capability signalling

Agreement
The latency for MAC CE activation is 12 slots for 60kHz SCS and 24 slots for 120kHz SCS. The latency is calculated from the ending symbol of UE’s ACK transmission for PDSCH carrying MAC-CE activation message to when the MAC CE message is applied.
Agreement:
· Support uplink cross-carrier beam indication for PUCCH and SRS 

· Add Cell index and BWP information in SpatialRelation configuration

In this paper, based on previous agreements [1] and current specifications [2-4], a summary of remaining issues on beam management is provided in Section 2.  
2 Remaining issues on BM in R15
2.1 RSRP reporting
2.1.1 Differential RSRP reporting

In the current specification, when differential reporting is used, the largest measured L1-RSRP is reported by a 7-bit field with a quantization range of [-140, -44] dBm and the 4-bit differential L1-RSRP is computed with 2 dB step size and with a reference to the largest L1-RSRP. 
One remaining issue is that how should gNB interpret the quality of the beam reported with the state indicating RSRP difference from the 1st reported beam is larger than 30dB? For example, when the 1st beam is at -50dBm, the 2nd beam is at -82dBm and the 3rd beam is at -145dBm, the 2nd and 3rd beam quality will be reported by the same state ‘Difference > 30dB’, should gNB drop/disregard both the 2nd and 3rd reported beams? Alternatively, can gNB assume that all the beams reported by differential RSRP is above -140dBm?
To avoid such ambiguities, one more special state should be considered in differential RSRP reporting to tell gNB that the beam quality is lower than -140 dBm. And the state indicating “Difference > 30dB” should be modified to indicate “Difference > 28dB and RSRP > -140 dBm” accordingly.
Proposal 1: Support the following table for 4-bit differential L1-RSRP reporting and send an LS to RAN4 on this. 

Table 1 Mapping table for 4-bit differential L1-RSRP reporting

	Reported value
	Measured quantity value

	differential RSRP_00
	RSRP ( -140 dBm

	differential RSRP_01
	0 dB <= Difference <= 2 dB 

	differential RSRP_02
	2 dB < Difference <= 4 dB

	differential RSRP_03
	…

	…
	26 dB < Difference <= 28 dB

	differential RSRP_15
	Difference > 28 dB and RSRP >= -140 dBm


2.1.2 Joint RSRP calculation 
Joint L1-RSRP calculation on QCLed SSB and CSI-RS is optionally supported according to previous RAN1 agreement. Given the limited time in R15, it can be left to UE to do joint L1-RSRP calculation or not. If the CSI-RS resource configuration includes a QCL indication referring to SSB, UE may then choose to use this specific SSB as supplementary resource for performing L1-RSRP computation.
Observation 1: Joint L1-RSRP calculation of QCLed SSB and CSI-RS can be left to UE implementation.

2.2 UL beam assumption

2.2.1 SRS beam indication

When periodic/semi-persistent signals are used for indicating UE Tx beam, it is important to clarify the time domain relation, as the same RS index may refer to different Tx beams applied at different time instances. For example, when the SRI of a periodic SRS is used to indicate the Tx beam, if no spatial relation is provided for this SRS with which UE may change the Tx beam from time to time, simply indicating the SRI would not provide enough information for UE to determine which of the Tx beams used previously is to be applied now. 

The simplest solution is to clarify that if the UE receives the SRI at slot n, UE should apply the most recent Tx beam used for transmitting the corresponding SRS. Thus, we have the following proposal and the corresponding TPs:
Proposal 2: When the spatial relation is provided by P/SP-SRS, UE shall transmit the UL channel/RS with the same spatial domain transmission filter applied for the most recent transmission of the corresponding P/SP-SRS.

	Text Proposals for TS 38.214 v15.1.0 Section 6.2.1 

< Unchanged parts are omitted >

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 most recent transmission of the reference periodic SRS.
< Unchanged parts are omitted >

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 most recent transmission of the reference periodic SRS or of the reference semi-persistent SRS.

< Unchanged parts are omitted >

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 most recent transmission of the reference periodic SRS or of the reference semi-persistent SRS or of the reference aperiodic SRS. 
< Unchanged parts are omitted >


	Agreement:

· 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.


In addition, if SRS is used for UL beam management, the UL Tx beam sweeping behaviour is different for the U2 and U3 procedures. In U2, UE shall use the same Tx beam to transmit different SRS resources to enable gNB to do Rx beam training, and in U3 UE shall use different Tx beams to transmit different SRS resources for a best Tx beam selection. In NR, SRS-SpatialRelationInfo is introduced per SRS resource, it is possible to configure the same SRS-SpatialRelationInfo for different SRS resources in a SRS resource set to indicate to UE that this set is used for U2 procedure. However, it is not very clear on how to configure SRS-SpatialRelationInfo for a SRS resource set used for U3 procedure. According to previous RAN1 agreement quoted above, an explicit indication like “Apply_Same_SpatialFilter_Mult-SRS-Resource” can be considered as the simplest solution. When it is configured as ‘off’, UE is expected to apply different Tx beams for gNB to select.
Thus, we have the following proposal:

Proposal 3: Support explicit indication of whether the configured SRS resource set is used U2 or U3 procedure.
2.2.2 Default PUCCH Tx beam
	 Agreement:

· PUCCH beam indication is introduced by RRC signalling

· Introduce one RRC parameter: PUCCH-Spatial-relation-info

· Information associating an SSB ID or, a CRI, or a SRI
· This is per PUCCH resource configuration
· 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
· Support capability indication of UE beam correspondence related information to TRP
· FFS details including capability definition, case(s) (if any) when the indication is not necessary
When CSI reports originally configured for PUCCH reporting is piggybacked on PUSCH,
· The CSI encoding scheme and omission follows that of PUCCH 


Before RRC connection establishment, UE may transmit HARQ-ACK information for Msg2 or Msg4 on PUCCH resource provided in SystemInformationBlockType1. Default spatial relation assumption is needed to support such PUCCH transmission. The most straightforward way is that UE assumes the same spatial relation information for PUCCH as the one used for PRACH/Msg3 transmission, to which the received Msg2/Msg4 is associated with. 
Proposal 4: Support using the spatial relation (UE Tx beam) for PRACH or Msg3 as the default spatial relation for PUCCH before RRC configuration. 

	TS 38.331 v15.0.1 Section 6.3.2

-- Configuration of the spatial relation between a reference RS and PUCCH. Reference RS can be SSB/CSI-RS/SRS.


-- If the list has more than one element, MAC-CE selects a single element (see 38.321, section FFS_Section).


-- Corresponds to L1 parameter 'PUCCH-SpatialRelationInfo' (see 38.213, section FFS_Section)


spatialRelationInfoToAddModList


SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo
OPTIONAL,
-- Need N


spatialRelationInfoToReleaseList

SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfoId
OPTIONAL,
-- Need N

PUCCH-SpatialRelationInfo ::=



SEQUENCE {


pucch-SpatialRelationInfoId




PUCCH-SpatialRelationInfoId,


referenceSignal 






CHOICE {



ssb-Index








SSB-Index,



csi-RS-Index







NZP-CSI-RS-ResourceId,



srs










SRS-ResourceId


},


pucch-PathlossReferenceRS-Id 



PUCCH-PathlossReferenceRS-Id,


p0-PUCCH-Id








P0-PUCCH-Id,


closedLoopIndex







ENUMERATED { i0, i1 }

}

PUCCH-SpatialRelationInfoId ::= 


INTEGER (1..maxNrofSpatialRelationInfos)

 


After RRC connection, for PUCCH transmission, both RRC and MAC CE signalling may be applied to indicate PUCCH-Spatial-relation-info. Based on the agreement, a list of PUCCH-Spatial-relation-info can be configured to UE by RRC signalling, one of multiple entries was further activated by MAC-CE signalling. Thus, till a successful MAC CE reception, UE cannot obtain the exact spatial relation information for PUCCH, i.e., UE cannot decide which Tx beam should be used for PUCCH transmission. A default Tx beam assumption of PUCCH needs to be specified in NR. 

To simplify the design of default spatial assumption, UE can assume that the first entry of RRC configured PUCCH-Spatial-relation-info list is applied for PUCCH before successful MAC CE activation. An illustration for PUCCH default spatial assumption can be found in Figure 1.  
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            Figure 1. An illustration of default assumption of PUCCH-Spatial relation info 

Proposal 5: Support using the first entry of PUCCH-Spatial-relation-info configured by RRC signalling as the default spatial relation for PUCCH between RRC configuration and MAC CE activation. 

2.2.3 PUSCH beam indication
For PUSCH transmission, only codebook based or non-codebook based transmission is supported, SRI field in DCI is used to determine the UL precoder and this SRI field corresponds to those SRS resource set with higher layer parameter SRS-SetUse configured as “nonCodebook” and “Codebook”. For those SRS resources, SRS-SpatialRelationInfo is provided to guide UE selecting spatial domain transmission filter. In this sense, the spatial information for PUSCH is also provided in the DCI for supporting codebook or non-codebook UL transmission. These is no need to have a separate UL beam indication. In addition, introducing a separate UL beam indication in DCI may lead to ambiguities for UE if this UL beam indication is not aligned with SRS-SpatialRelationInfo configured for the SRS used for “nonCodebook” and “Codebook” precoder determination.
Observation 2: There is no need to include spatial relation indication for PUSCH in uplink grant.
2.3 Defaul QCL assumption for A-CSI-RS
	TS 38.214 v15.0.0 Section 5.1.5 
For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.


If an A-CSI-RS resource set is triggered with a time offset less than a threshold based on UE capability, similar schemes as PDSCH reception can be reused, in other words, default QCL assumption for PDSCH reception can be reused for receiving this A-CSI-RS.
Observation 3: Default QCL assumption for PDSCH reception can be reused for A-CSI-RS reception if the offset from scheduling DCI is smaller than Threshold-Sched-Offset.

2.4 QCL assumption during BWP switching
DL BWP switching is supported in R15. For example, the UE accesses the NW from BWP0, and after connection establishment, it can be scheduled to another BWP, e.g., a new BWP. If the configured TCI states in the new BWP don’t refer to DL RSs transmitted in BWP0, UE has no idea of the Tx/Rx beams to be used for the target BWP. In such a scenario, unless certain time is reserved for another round of beam training in the new BWP, UE cannot achieve correct PDCCH/PDSCH reception in the new BWP.  Thus, if the gNB needs to schedule the PDCCH/PDSCH for the UE upon a fast BWP switching, some QCL assumptions refer to DL RSs transmitted in BWP0 is needed. 
Proposal 6: UE may expect that the TCI states configured in the newly activated DL BWP only refer to DL RS(s) which have been transmitted before BWP switching.
3 Summary of proposals
In this paper, the following observations have been made:

Observation 1: Joint L1-RSRP calculation of QCLed SSB and CSI-RS can be left to UE implementation.

Observation 2: There is no need to include spatial relation indication for PUSCH in uplink grant.
Observation 3: Default QCL assumption for PDSCH reception can be reused for A-CSI-RS reception if the offset from scheduling DCI is smaller than Threshold-Sched-Offset.

In this paper, we have the following proposals:
Proposal 1: Support the following table for 4-bit differential L1-RSRP reporting and send an LS to RAN4 on this. 

Table 1 Mapping table for 4-bit differential L1-RSRP reporting

	Reported value
	Measured quantity value

	differential RSRP_00
	RSRP ( -140 dBm

	differential RSRP_01
	0 dB <= Difference <= 2 dB 

	differential RSRP_02
	2 dB < Difference <= 4 dB

	differential RSRP_03
	…

	…
	26 dB < Difference <= 28 dB

	differential RSRP_15
	Difference > 28 dB and RSRP >= -140 dBm


Proposal 2: When the spatial relation is provided by P/SP-SRS, UE shall transmit the UL channel/RS with the same spatial domain transmission filter applied for the most recent transmission of the corresponding P/SP-SRS.

Proposal 3: Support explicit indication of whether the configured SRS resource set is used U2 or U3 procedure.
Proposal 4: Support using the spatial relation (UE Tx beam) for PRACH or Msg3 as the default spatial relation for PUCCH before RRC configuration. 

Proposal 5: Support using the first entry of PUCCH-Spatial-relation-info configured by RRC signalling as the default spatial relation for PUCCH between RRC configuration and MAC CE activation. 

Proposal 6: UE may expect that the TCI states configured in the newly activated DL BWP only refer to DL RS(s) which have been transmitted before BWP switching.
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