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1 Introduction
In this paper, based on previous agreements [1] and current specifications [2-4], a summary of remaining issues of beam management is provided. The structure of the rest is as follows. 
· Section 2 provides a summary of those agreements have not been properly captured in TS, with text proposals. 
· Section 3 is on the discussions of the newly needed agreements to complete Release 15.  
2 Summary of agreements not properly captured 
2.1 Text Proposal on Rel.15 TS38.214 v15.0.1 Section 5.2.1.2

This section is on the resource setting configuration.
	Agreements:
Support Alt#1 for SSB: configuration of SSB resources within a resource setting for beam management. L1-RSRP measurement on those configured resources is reported. 

	Draft TS 38.331 v15.0.1 Section 6.3.2
-- One CSI resource configuration comprising of one or more resource sets

CSI-ResourceConfig ::= 



SEQUENCE {


csi-ResourceConfigId



CSI-ResourceConfigId,


-- Contains up to maxNrofCSI-ResourceSets resource CSI-ReosurceSets if ResourceConfigType is 'aperiodic' and 1 otherwise.


-- Corresponds to L1 parameter 'ResourceSetConfigList' (see 38.214, section 5.2.1.3.1)



csi-RS-ResourceSets 
 


CHOICE {



nzp-CSI-RS-ResourceSets



SEQUENCE (SIZE (1..maxNrofCSI-ResourceSets)) OF NZP-CSI-RS-ResourceSet,




csi-IM-ResourceSets




SEQUENCE (SIZE (1..maxNrofCSI-ResourceSets)) OF CSI-IM-ResourceSet


},


-- List of SSB resources used for beam measurement and reporting in a resource set


-- Corresponds to L1 parameter 'resource-config-SS-list' (see 38,214, section FFS_Section)


ssb-Resources





SEQUENCE (SIZE (1..maxNrofSSB-Resources)) OF
CSI-SSB-Resource
OPTIONAL, --Cond OnlyWithNZPResourceSets

< omitted >

}}


Base on the agreement, SSB resources are configured within a resource setting, which is also correctly reflected in current version of TS 38.331. However, current TS 38.214 suggests that SSB resources are configured within a CSI-RS resource set. 
In addition, since the configuration of CSI-IM resource is optional, it may or may not be included in a resource set.
The suggested revision is as follows.
	Text proposals for TS 38.214 v15.0.1 Section 5.2.1.2

< Unchanged parts are omitted >

Each CSI Resource Setting ResourceConfig contains a configuration of S≥1 CSI Resource Sets (higher layer parameter ResourceSetConfig), with each Resource Set consisting of CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList or CSI-IM-ResourceConfigList), and SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list).

< Unchanged parts are omitted >


3 Discussions of new agreements needed in R-15
3.1 Remaining issues on RSRP reporting
	TS 38.214 v15.0.1 Section 5.2.1.4 
if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'OFF', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] for each report setting. 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, the UE shall use largest L1-RSRP and differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP values are 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.


For RSRP reporting, since 7-bit can stands for 128 states, i.e., more than the number of states needed for representing the “value in the range [-140, -44] dBm with 1dB step size”, the exact 7-bit and its corresponding RSRP range should be specified, for example, as shown in the next table.
Table 1 7-bit RSRP table

	7-bit RSRP
	The RSRP range

	0000000
	RSRP <= -140 dBm

	0000001
	-139 dBm < RSRP <= -140 dBm

	0000010
	-138 dBm < RSRP <= -139 dBm

	….
	…

	1100000
	-45 dBm < RSRP <= -44 dBm

	1100001
	> -44 dBm

	1100011
	Reserved

	….
	….

	1111111
	Reserved


If the table is not defined in specifications, the consequence would be the ambiguity of 7-bit RSRP reporting for UE and gNB.
Proposal 1: Support including a 7-bit RSRP table in specifications.
For differential RSRP, since the step size is fixed as 2 dB, there is one “Out-Of-Range” issue on 4-bit differential reporting. That is, how UE can report those RSRPs which are larger than a fixed/configured lower limit (means that they should be reported) but are smaller than the lowest possible value that a 4-bit differential state plus a 7-bit absolute state can represent (means that they cannot be reported accurately by the 4-bit differential reporting). A simple illustration is given as follows.
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Figure 1 Remaining issue for differential RSRP
One solution to this problem is to reserve one out of 16 states in the 4-bit different RSRP reporting for the above-mentioned case, as shown in the next table. So that gNB can be made aware that the reported RSRP is between the configured/fixed lower limit and the lowest quantization level.
Table 2 4-bit differential RSRP reporting
	Report Differential RSRP value Y
	Difference from the reference

	0000
	Abnormal state

	0001
	0* Stepsize

	0010
	-1* stepsize

	….
	…

	1110
	-14 * stepsize 

	1111
	-15 * stepsize


If no state is reserved as mentioned above, the consequence would be the undefined UE behaviour in differential RSRP reporting since the specifications have no guidance on how to do the report when special cases like “Out-of-Range” occur.

Proposal 2: Support reserving at least one state (e.g., 0000) in 4-bit differential RSRP report for dealing with special cases. 
3.2 Remaining issues on beam indication via TCI
In downlink, beam indication for PDSCH/PDCCH/CSI-RS is through TCI state in NR. And the TCI state is configured in a structure like {DL RS ID | QCL type}, which provides QCL relationships (via QCL types) between target RS and reference RS (via DL RS ID). Let us focus on QCL-TypeD: spatial Rx parameter. For example, gNB configures a target CSI-RS resource and indicates a TCI state, UE should look up the association between DL RS ID of this TCI state and spatial Rx parameter (as in next table), and determine the correct Rx beam to receive/measure the target CSI-RS.
Table 3 Associations between DL RS IDs and Spatial Rx parameters

	RS ID #x
	UE spatial Rx parameter #x
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Figure 2 P3 beam management and consequent CSI acquisition and PDSCH transmission

Some possible issues are identified. Taking P3 procedure as an example, as shown in the above figure, gNB schedules a P3-like CSI-RS resource set for UE’s Rx beam training, with CSI-RS-ResourceRep set to ‘ON’. QCL information can be provided via TCI state for each CSI-RS resource (e.g., #1, #2, #3, #4) in the resource set. Say the TCI state is configured as {CSI-RS resource #0 | QCL TYPE D}, which provides UE some guidance on Rx parameters, since UE maintains the following association based on previous measurements.
Table 4 Associations between DL RS IDs and Spatial Rx parameters
	RS ID
	UE spatial Rx parameter

	CSI-RS resource #0
	Rx #0


Since UE is aware that this resource set is for P3 beam sweeping to find a more suitable Rx beam, UE may try different Rx beams, based on gNB’s guidance of Rx#0. For example, during P3, UE uses a different Rx beams to measure a different CSI-RS resource as in next table.
Table 5 Associations between DL RS IDs and Spatial Rx parameters during P3

	RS ID
	UE spatial Rx parameter

	CSI-RS resource #1
	Rx #1

	CSI-RS resource #2
	Rx #2

	CSI-RS resource #3
	Rx #3

	CSI-RS resource #4
	Rx #4


Then, gNB decides to apply the selected beam for further CSI acquisition, e.g., gNB configures CSI-RS resource #5 for CSI acquisition, and a TCI state is needed (say TCI#x). However, since there was no explicit reported CRI from UE after P3 procedure, it is impossible for gNB to do the right association. 
As one solution, it can be up to gNB to configure TCI#x with a reference CRI, selected from the set of resources for P3, and indicated to UE. In the figure above, gNB associated TCI#x with CSI-RS resource#1, note that it could actually be any of CSI-RS resource #0, #1, #2, #3, #4. Upon reception of such a configuration, UE can determine the QCL assumption of CSI-RS for CSI acquisition by the configured TCI state within the CSI-RS resource set regardless of the configured DL RS(s), i.e., UE applies the Rx parameters according to CSI-RS resource#4 to receive CSI-RS resource #5. 
In other words, after P3, UE shall maintain the associations between DL RS IDs and spatial Rx parameters as in the next table.

	RS ID
	UE spatial Rx parameter

	CSI-RS resource #0
	Rx #4

	CSI-RS resource #1
	Rx #4

	CSI-RS resource #2
	Rx #4

	CSI-RS resource #3
	Rx #4

	CSI-RS resource #4
	Rx #4


Proposal 3: If the RS ID in a TCI state is contained in the latest beam measurement configuration with CSI-RS-ResourceRep set to ‘ON’, support UE to determine QCL assumption based on the corresponding measurement results.
3.3 Remaining issues on default UL beam assumption

	 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 


· Default beam assumption for PUCCH/PUSCH before RRC

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 this PUCCH transmission. The straightforward way is that UE assumes the same spatial relation information for PUCCH as the one used for PRACH preamble transmission, to which the received Msg2/Msg4 is associated. 

In addition, before RRC connection, UE may transmit Msg3 on PUSCH. While there is no valid SRS configuration for reference in random access procedure, similar with PUCCH, UE can assume that the same spatial relation information for PRACH preamble is used for Msg3’s PUSCH at this stage.  
Proposal 4: Support same spatial relation information for PRACH preamble as the default spatial assumption for PUCCH and PUSCH before RRC connection. 

· Default beam assumption for PUCCH after RRC
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, one or multiple PUCCH-Spatial-relation-info IE(s) 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 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 is applied for PUCCH before successful MAC CE activation. An illustration for PUCCH default spatial assumption can be found in following figure 3.  
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            Figure 3. An illustration of default assumption of PUCCH-Spatial relation info 

Proposal 5: Support the first entry of PUCCH-Spatial-relation-info configured by RRC signalling as the default spatial assumption for PUCCH between RRC configuration and successful MAC CE activation. 
· Default beam assumption for PUSCH after RRC
After RRC connection, SRI in DCI for uplink transmission can be reused for PUSCH-Spatial-relation-info. There are up to 2 states of spatial relation information for codebook based transmission. For non-codebook based transmission, 4 SRS resources in a SRS resource set have to be simultaneously transmitted and thereby only one spatial relation information can be exploited.  
When PUCCH is piggybacked to PUSCH as shown in figure 4, the simplest method is UCI transmitted on PUSCH follow the spatial relation information for PUSCH. However, considering that the reliability requirement of UCI is much higher than UL-SCH, especially for HARQ-ACK, more robust transmission scheme/spatial relation was usually considered for UCI. In order to follow this design principle for UCI, PUSCH Tx beam falls back to PUCCH Tx beam can be considered in uplink. This is a similar design as in the DL that PDSCH beam falls back to PDCCH beam as the default assumption. 

Before UCI piggyback on PUSCH, a dedicated PUCCH-Spatial-relation-info had been provided to help UE to determine its Tx beam of this PUCCH. Thereby, to decide the Tx beam used for PUSCH which carry piggybacked UCI, the UE may assume to reuse PUCCH’s spatial relation information by default.
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                                              Figure 4. An illustration of PUCCH piggyback on PUSCH
Proposal 6: Support to reuse piggybacked PUCCH’s spatial relation information to transmit PUSCH when PUCCH is piggybacked on PUSCH.
3.4 Remaining issues on SRS beam indication and TPs

When periodic/semi-persistent signals are configured for beam management to provide the reference spatial relationship, it is critical to pay extra attention to the timing information, since a same RS index may refer to a different RS transmitted/received in a totally different direction in beam-based system. For example, SRS-SpatialRelationInfo is configured to indicate Tx beam for SRS transmission, when it is set to “SRS”, simply indicating SRI would not provide enough information to UE about which beam is the exact Tx beam. A timing information is a must in this case to align the beams at both gNB and UE side.

One possible solution is to predefine that if the UE receives the SRI at slot n, UE should assume to use the latest Tx beam corresponding to this specific SRI. Thus, we have the following proposal and the corresponding TPs to capture this proposal
Proposal 7: If the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', support UE to transmit the SRS resource with the same spatial domain transmission filter used for the latest transmission of the periodic SRS or the semi-persistent SRS.

	Text Proposals for TS 38.214 v15.0.1 Section 6.2.1 

< Unchanged parts are omitted >

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 latest transmission of the periodic SRS.
< Unchanged parts are omitted >
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':

-
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 latest transmission of the periodic SRS or of the semi-persistent SRS.
< Unchanged parts are omitted >

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to 'aperiodic':

-
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 latest transmission of the periodic SRS or of the semi-persistent SRS, or of the aperiodic SRS. 


4 Summary of proposals
In this paper, we have the following proposals:
Proposal 1: Support including a 7-bit RSRP table in specifications.
Proposal 2: Support reserving at least one state (e.g., 0000) in 4-bit differential RSRP report for dealing with special cases. 
Proposal 3: If the RS ID in a TCI state is contained in the latest beam measurement configuration with CSI-RS-ResourceRep set to ‘ON’, support UE to determine QCL assumption based on the corresponding measurement results.
Proposal 4: Support same spatial relation information for PRACH preamble as the default spatial assumption for PUCCH and PUSCH before RRC connection. 

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

Proposal 6: Support to reuse piggybacked PUCCH’s spatial relation information to transmit PUSCH when PUCCH is piggybacked on PUSCH.
Proposal 7: If the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', support UE to transmit the SRS resource with the same spatial domain transmission filter used for the latest transmission of the periodic SRS or the semi-persistent SRS.
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