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1 Introduction
In this paper, based on previous agreements [1] and the current specifications [2-4], a summary of remaining issues of beam measurement, reporting and indication is provided. This structure of the rest is as follows. 
· Section 2 provides a summary of those agreements have not been captured in TS, with text proposals to capture them. 
· Section 3 provides a summary of those agreements have been captured in an inconsistent way in TS, with text proposals on corrections. 
· Section 4 is on the discussions of the newly needed agreements to complete Release 15.  
In particular, the text proposals in this paper involve the following specifications:

· TS 38.213 Section 10.1 on PDCCH beam indication.
· TS 38.214 Section 5.1.5 on PDSCH beam indication.
· TS 38.214 Section 5.2.1.4 on beam reporting.
· TS 38.214 Section 5.2.1.2 on beam measurement configurations.
In addition, it is worth mentioning that this paper is a summary of our companion papers [5-8]. The readers are referred to those companion papers for further details.
2 Summary of agreements not captured yet
This section summarizes the not-yet-captured agreements, with suggested text proposals, on beam measurement, reporting and indication.
2.1 Text Proposal on Rel.15 TS38.213 v15.0.0 Section 10.1

This section is on the PDCCH beam indication.
	Agreements:
· A candidate set of DL RSs are configured using RRC mechanism

· Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication

· The same set of M TCI states are reused for CORESET

· K TCI states are configured per CORESET 

· When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication

· When K=1, no additional MAC CE signaling is necessary


According to the agreement, PDCCH beam indication is RRC configured and MAC-CE activated (may or may not be needed) per CORESET. Current TS 38.213 has not captured the MAC-CE activation. If the specification does not capture this MAC-CE activation, UE has to monitor much more beams than needed when the number of RRC configured TCI states is larger than 1. In addition, UE has to always use SSB as the PDCCH reception beam if the number of RRC configured TCI states equals to 1. 
The suggested revision is as follows.
	Text proposals for TS 38.213 v15.0.0 Section 10.1

< Unchanged parts are omitted >
-
an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer parameter TCI-StatesPDCCH, selected by the [CORESET TCI indication] MAC-CE, if cardinality of the set is larger than 1, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception; if cardinality of the set equals to 1, the higher layer parameter TCI-StatesPDCCH indicates quasi co-location information of the DM-RS antenna port for PDCCH reception;
< Unchanged parts are omitted >

If the UE has not received the [CORESET TCI indication] MAC-CE for indicating an antenna port quasi co-location from the set of antenna port quasi co-locations provided by TCI-StatesPDCCH, when the cardinality of the set is larger than 1, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the DM-RS antenna port associated with PBCH reception with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. 

< Unchanged parts are omitted >


2.2 Text Proposal on Rel.15 TS38.214 v15.0.0 Section 5.1.5
This section is on the PDSCH beam indication, TCI state, and the default PDSCH beam.
	Agreements:
· 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


There are several inconsistences in the current version TS 38.214.

Firstly, if the number of TCI states configured in RRC is less than 8, no MAC-CE is needed to selected 8 from all RRC configured TCI states. If the specification does not capture it, UE has to always wait for an activation command.
Secondly, there are some redundant repetitions of UE behaviour descriptions when TCI-PresentiInDCI is set as ‘Enabled’. 
Thirdly, there is a missing constraint of UE behaviour descriptions when TCI-PresentiInDCI is set as ‘Disabled’. If the specification does not capture it, there is an ambiguity of which beam should be applied for PDSCH reception. 
Fourthly, in order to fully and uniquely cover both cases, it should be clarified that the scheduling offset threshold below which QCL is inferred from TCI in an earlier CORESET is the same as the offset threshold above which QCL is indicated by a new TCI. The other change requests either are editorial or attempt to capture the above agreement more closely. 
The suggested revision is as follows. [5][8]
	Text proposals for TS 38.214 v15.0.0 Section 5.1.5

< Unchanged parts are omitted >

The UE receives a selection command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field TCI-states. Until a UE receives higher layer configuration of TCI states and before reception of the activation command if the number of configured TCI states is larger than 8, 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. When the number of TCI states in TCI-States is less than or equal to 8, the DCI field TCI-states directly indicates the TCI state.

If TCI-PresentInDCI is set as ‘Disabled’ for the CORESET scheduling the PDSCH and the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical with the TCI state applied for the CORESET used for the PDCCH transmission. 

If the TCI-PresentInDCI is set as ‘Enabled’, the UE shall use the TCI-States according to the value of the ‘Transmission Configuration Indication’ field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = ‘Enabled’ and TCI-PresentInDCI = ‘Disabled’ if the offset is less than 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 default TCI state corresponding to the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.

< Unchanged parts are omitted >


2.3 Text Proposal on Rel.15 TS38.214 v15.0.0 Section 5.2.1.4

This section is on beam reporting for SS block.
	Agreements:
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH


Base on the agreement, the ReportQuantity can be set to ‘SSB index/RSRP’, which has not been captured. Thus the current TS does not support L1-RSRP reporting of SSB, i.e., no beam management can be done based on SSB. The suggested revision is as follows [6]. 
	Text proposals for TS 38.214 v15.0.0  Section 5.2.1.4
< Unchanged parts are omitted >

When the UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RSRP’ or ‘SSBRI/RSRP’
-
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 or 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. 

-
if the UE is configured with the higher layer parameter group-based-beam-reporting set to ‘ON’, the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports, where up to number-of-beams-reporting CSI-RS and or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.

< Unchanged parts are omitted >


3 Summary of incorrectly captured agreements
3.1 Text Proposal on Rel.15 TS38.214 v15.0.0 Section 5.2.1.2

This section is on the configuration of SSB for beam management.
	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. 


	TS 38.331 v15.0.0 Section 6.3.2
-- One CSI resource configuration comprising of one or more resource sets

CSI-ResourceConfig ::= 



SEQUENCE {


-- FFS: Where is the CSI-ResourceConfigId used?


csi-ResourceConfigId




CSI-ResourceConfigId,


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


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


csi-ResourceSets 
 





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



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


-- Corresponds to L1 parameter 'SSBResourceMeasList' (see 38,214, section FFS_Section)


ssb-Resources







SEQUENCE (SIZE (1..maxNrofSSB-Resources-1)) OF
CSI-SSB-Resouce






OPTIONAL,


-- Time domain behavior of resource configuration. Corresponds to L1 parameter 'ResourceConfigType' (see 38.214, section 5.2.2.3.5)


resourceType






CHOICE {



aperiodic







NULL, 



semiPersistent, 





NULL,



periodic







NULL

}}




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, the current TS 38.214 suggests that SSB resources are configured within a CSI-RS resource set. The suggested revision is as follows.
	Text proposals for TS 38.214 v15.0.0 Section 5.2.1.2

< Unchanged parts are omitted >

Each Resource Setting ResourceConfig contains a configuration of S≥1 CSI-RS Resource Sets (higher layer parameter ResourceSetConfig) and SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list). Each Resource Set consists of CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList and CSI-IM-ResourceConfigList). Each Resource setting is located in the BWP identified by the higher layer parameter BWP-info, and all linked Resource Settings of a CSI Report Setting have the same BWP.

< Unchanged parts are omitted >


4 Discussions of new agreements needed in R-15
4.1 Remaining issues on the timing of beam indication

	TS 38.214 v15.0.0 Section 5.1.5
For both the case when TCI-PresentInDCI = ‘Enabled’ and TCI-PresentInDCI = ‘Disabled’ If the offset is less than a threshold, 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-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.


The current specification specifies a threshold between the indication of spatial QCL information and application of the corresponding beams due to the delay in decoding the PDCCH and beam switch by the UE. The threshold is called Threshold-Sched-Offset and its value is currently FFS. Since the communication that precedes the threshold is not through the newly indicated beams and possibly suffers from lower quality for the effective channel, it is desired to select a smaller value for the threshold while to assure that cheaper devices with slower decoding hardware are not left behind. Therefore, we propose that the value of the threshold will be determined based on UE capability.

Proposal 1: Support UE capability reporting for the supported values of Threshold-Sched-Offset, including at least {14, 28} symbols (assuming 120 kHz as the maximum subcarrier spacing).
4.2 Remaining issues on RSRP reporting
	TS 38.214 v15.0.0 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 2: 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 3: Support reserving at least one state (e.g., 0000) in 4-bit differential RSRP report for dealing with special cases. 
4.3 Remaining issues on dropping rules of beam reporting
	Agreements: #90bis 
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH

· Support the following reporting types for beam mgmt. on the above channels

· For Periodic, support long PUCCH and short PUCCH

· Semi-persistent – support all channels

· Aperiodic – support PUSCH and short PUCCH


When beam-related reporting and CSI reporting are transmitted in one short PUCCH, e.g., aperiodic beam reporting and periodic CSI reporting, the total payload may exceed the capacity of short PUCCH. Thereby, some dropping rules should be defined. 

In terms of functionality, CSI reporting is mainly used for link adaption procedure for PDSCH. And beam reporting is mainly used for beam training procedure for PDCCH and PDSCH. UE can report at most 4 Tx beams and corresponding L1-RSRP, but likely only part of them will be used for subsequent PDCCH and PDSCH transmission. Thereby it is possible to split the beam reporting for 4 Tx beams into 2 parts, part 1 includes the best two Tx beams and corresponding L1-RSRP, and part 2 includes the remaining.

Periodic reporting is usually applied in scenarios with slow channel variation. And aperiodic reporting is usually triggered per urgent request. For CSI reporting, aperiodic CSI has a higher priority than periodic/semi-persistent CSI. To establish mutual understanding between gNB and UE, the following priority rules can be considered in three cases.

Case A): Periodic CSI reporting conflicting with aperiodic beam reporting, or aperiodic CSI reporting conflicting with periodic beam reporting, the dropping priority can be as follows:

        AP beam reporting > P CSI reporting;

       AP CSI reporting > P beam reporting
Case B): Aperiodic beam reporting conflicting with periodic beam reporting, the dropping priority can be as follows:

        AP beam reporting > P beam reporting

Case C): Periodic beam reporting conflicting with periodic CSI reporting, or aperiodic beam reporting conflicting with aperiodic CSI reporting, the dropping priority can be as follows:

Part 1 of periodic beam reporting > Periodic CSI reporting> Part 2 of periodic beam reporting
Part 1 of aperiodic beam reporting > Aperiodic CSI reporting> Part 2 of aperiodic beam reporting
And based on the above rules, the joint dropping rule for beam reporting and CSI reporting can be summarized as the following: 

Part 1 of aperiodic beam reporting > AP CSI reporting >Part 2 of aperiodic beam reporting > Part 1 of periodic beam reporting > P CSI reporting > Part 2 of periodic beam reporting
Proposal 4: Support the following dropping rules when beam reporting and/or CSI reporting conflicts on short PUCCH and the total payload exceed the maximal PUCCH payload: 

1. AP beam reporting vs P CSI reporting and/or P beam reporting vs AP CSI reporting

AP beam reporting > P CSI reporting;

AP CSI reporting > P beam reporting.
2. AP beam reporting vs P beam reporting

     AP beam reporting > P beam reporting.

3. AP/P beam reporting vs CSI reporting

Beam reporting part 1 > CSI reporting> beam reporting part 2.
4.4 Remaining issues on beam indication via TCI
The current TCI state is configured in a structure like {DL RS ID | QCL type}. One possible issue is identified when one DL RS ID is contained in a resource set which is configured with CSI-RS-ResourceRep set to ‘ON’. As shown in Figure 2, firstly, gNB schedules a P3-like CSI-RS for UE’s Rx beam training by configuring a set of single-symbol CSI-RS resources in a CSI-RS resource set, with CSI-RS-ResourceRep set to ‘ON’. Then, gNB decides to apply the selected beam for further CSI acquisition. To do so, gNB needs to configure a TCI state with {DL RS ID | QCL type}, which can be used as the beam indication for CSI-RS for CSI acquisition.
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Figure 2 P3 beam management and consequent CSI acquisition and PDSCH transmission
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 a TCI with a reference CRI, selected from the set of resources for P3, and indicated to UE. In figure 2, gNB associated TCI#x with CRI#1. 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 assumes CSI-RS resource#4 is spatially QCLed with CSI-RS resource#3 and applies the Rx parameters according to CSI-RS resource#3 to receive PDSCH. 

Proposal 5: 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.
Moreover, it was agreed that when the scheduling offset is <=k, the PDSCH uses QCL assumption based on a default TCI sate corresponding to the one for PDCCH in lowest CORESET ID.  This statement left with ambiguity whether all QCL type parameters or only the type D parameter are derived from the above default QCL assumption. [5]
	Text proposals for TS 38.214 v15.0.0 Section 5.1.5

< Unchanged parts are omitted >

The UE can be configured up to M TCI-States by higher layer signalling to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell where M depends on the UE capability. Each configured TCI state includes one TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location relationship between the reference signals in one or two RS set(s) and one or two DM-RS port group(s) of the PDSCH. The RS set contains a reference to either one or two DL RSs and an associated quasi co-location type (QCL-Type) for each one configured by the higher layer parameter QCL-Type. For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 

-
QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}

-
QCL-TypeB: {Doppler shift, Doppler spread}

-
QCL-TypeC: {average delay, Doppler shift}

-
QCL-TypeD: {Spatial Rx parameter}
If the DL RS(s) is contained in CSI-RS resource set configured with CSI-RS-ResourceRep set to ‘ON’ or the corresponding ReportConfig contains ReportQuantity set to ‘No Report’ in the latest measurement, UE can determine QCL assumption based on the corresponding measurement results.

< Unchanged parts are omitted >

If the TCI-PresentinDCI is set as ‘Enabled’, the UE shall use the TCI-States according to the value of the ‘Transmission Configuration Indication’ field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell the antenna ports corresponding to are quasi co-located with the RSconfiguration(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = ‘Enabled’ and TCI-PresentInDCI = ‘Disabled’ If the offset is less than a threshold, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the the antenna ports corresponding to the RS(s) in the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE, with respect the QCL type parameters at least containing type D. If the offset is less than a threshold, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the antenna ports corresponding to the indicated TCI state with respect to the QCL type parameter(s) except type D.
< Unchanged parts are omitted >


4.5 Remaining issues on configurations of beam measurement and reporting

Similarly as in UL, it is also desirable for a UE to request the amount of CSI-RS resources/sets for DL Rx beam training, for the following reasons. 

· The first motivation is to assist the configuration of beam reporting periodicity for P1 procedure. As illustrated in Fig. 3 (top), with such assistance information, the beam reporting is configured after each round of exhaustive Tx/Rx beam sweeping. This can help improving the efficiency of periodic beam reporting. 
· The second motivation is to assist the configuration of CSI-RS resources for aperiodic P3 procedure. As illustrated in Fig. 3 (bottom), the gNB may maintain its Tx beam for DL UE Rx beam training. In this case, with such assistance information, the gNB can configure a precise amount of CSI-RS resources for UE to sweep its Rx beams. 
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Figure 3 Periodic beam sweeping for P1 (Top), aperiodic beam sweeping for P3 (Bottom)
It should be noted that without such assistance information, the wasted DL CSI-RS transmission or UL beam reporting resources will reduce the system efficiency, which is particularly important for beam-based system. 

Proposal 6: Support UE to request the amount of CSI-RS resources/sets for DL Rx beam training.

	Agreements: #91
Aperiodic CSI-RS triggering offset X is configurable on a per resource set basis in ResourceSetConfig
   -  Note: The offset X is measured in slots
   -  FFS: The case when multiple resource sets are associated with a trigger point


The issue about slot-level trigger offset for aperiodic CSI-RS was discussed in last meeting and achieved the above agreement after the e-mail discussion. One important motivation for above case discussion comes from the need of beam sweeping. As single-symbol CSI-RS resources has been agreed in meeting #90 at least for beam training, the NW should consider how many OFDM symbols are available for beam sweeping CSI-RS resources within a slot. Due to the fact that the first 2-3 PDCCH symbols shall be reserved for CORESET reception, and the several symbols after PDCCH reception may be not suitable for beam sweeping because of the decoding latency, a maximum of ~6-8 symbols per slot for beam sweeping can be considered as a starting point. Besides, if high priority data transmission or UL grant is still allowed, the available OFDM symbols available for beam sweeping CSI-RS resources per slot can be further limited. 

On the other hand, in the already agreed CSI framework, the CSI-RS transmission is triggered at resource set level, and the associated aperiodic CSI-RS resources can practically only be transmitted per slot basis. To guarantee an aperiodic beam training, the NW may need to trigger multiple CSI-RS resource sets one by one. Meanwhile, multiple aperiodic CSI reporting are jointly triggered as well. In this case, each CSI-RS resource set only contains partial beams to be swept, and the aperiodic reporting contains the beam-related reporting information which is based on an incomplete sweeping. The gNB may need to combine the multiple reporting and compare the RSRPs to determine the best N Tx beams. 

To avoid the complexity as well as the waste of signaling overhead and unnecessary UL grants (for CSI reporting), the NW can trigger multiple aperiodic CSI-RS resource sets by one trigger point, and each of them is configured with different triggering offset.
Proposal 7: Multiple Aperiodic CSI-RS resource sets with various trigger offset X can be associated to single trigger point.
	TS 38.214 v15.0.0 Section 5.2.1.1
Each Reporting Setting ReportConfig is associated with a single downlink BWP (higher layer parameter bandwidthPartId) and contains the reported parameter(s) for one CSI reporting band: CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations, the strongest layer indicator (SLI), the reported L1-RSRP parameter(s), CRI, and SSBRI (SSB Resource Indicator). 
TS 38.214 v15.0.0 Section 5.2.1.2 
Each Resource Setting ResourceConfig contains a configuration of S≥1 CSI-RS Resource Sets (higher layer parameter ResourceSetConfig), with each Resource Set consisting of CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList and CSI-IM-ResourceConfigList) and SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list). Each Resource setting is located in the BWP identified by the higher layer parameter BWP-info, and all linked Resource Settings of a CSI Report Setting have the same BWP.

TS 38.214 v15.0.0 Section 5.2.1.4
For L1-RSRP computation

-
the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH Block resource.


According to previous achieved RAN1 agreements and currently endorsed specifications, both SSB and CSI-RS can be configured as the resources for L1-RSRP computation, however, the higher layer parameter ReportQuantity can be configured as either “CRI/RSRP” or “SSBRI/RSRP”. In this case, it seems that, for a same set of resources including both SSB resources and CSI-RS resources, gNB has to configure two individual ReportConfig, one with ReportQuantity as “CRI/RSRP”, the other with ReportQuantity as “SSBRI/RSRP”, to fully be aware of the “good” beams available at UE side. This sort of mechanism would lead to unnecessary overhead in both reporting and configuration, especially the resource for reporting may be quite restricted. For example, the best two beams from UE perspective is one SSB beam and one CSI-RS beam, but gNB has to configure UE to report twice, each containing two beam IDs and their corresponding RSRP. To avoid such a waste of resource, it is a nature choice to allow ReportQuantity to be set as {SSBRI or CRI}/RSRP for the resources which contains both SSB and CSI-RS resources.

Proposal 8: Support {SSBRI or CRI}/RSRP as one choice of the higher layer parameter ReportQuantity.
4.6 CSI RS resource set indicator reporting
	Agreements: #90bis 
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:

· Single resource set with repetition = “OFF”

· UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback

· Single resource set with repetition = “ON”

· UE does not report CRI

· FFS: Further support additional configuration by down selection from the following two alternatives:

· (a) Multiple resource sets, all with repetition = “ON” 

· UE reports CSI-RS resource set indicator(s) for CRI feedback

· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings

· (b) Multiple equal-size resource sets, all with repetition = “OFF”

· UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets

· Note: Not all configurations are applicable for P1/P2/P3

· FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)


Next, let us visit CSI-RS configuration and UE behaviour with IE “OFF” or “ON”. In particular, for the case of single resource set with repetition “OFF”, UE may report the CRI within the resource set, which can be used for P-2. Instead, if the single resource set is configured with repletion “ON”, UE do not need to report CRI, which can be used for P-3. As to P-1, multiple CSI resource settings are needed if each CSI resource setting contains only one CSI-RS resource set. Moreover, UE needs to report multiple times for all of the CSI-RS resource settings. In order to reduce the beam reporting overhead and number of CSI-RS resource settings for P-1, multiple resource sets may be configured for one CSI resource setting, and two alternatives are left FFS.

For alternative (a), the gNB will keep the same Tx beam within the resource set. If the CSI-RS resources within the resource set is transmitted in the same slot, gNB can transmit data to other UE with the same beam as CSI-RS on different sub-carriers/PRBs. However, for alternative (b), the gNB will switch its Tx beam within one resource set, and therefore it cannot keep the same Tx beam within one slot. Since PDSCH in one slot requires the same Tx beam, FDM between data and CSI-RS will be unlikely for the case of alternative (b). Therefore, alternative (a) is preferred for supporting P-1 procedure.

Proposal 9: Support the following additional configuration for beam reporting:

· Multiple resource sets, all with repetition = “ON” 

· UE reports CSI-RS resource set indicator(s) for CRI feedback
4.7 Transmission timing adjustment of uplink beam(s)
The propagation path varies among beams, resulting in different transmit delay when uplink beam is changed. It’s observed that the variance could be great enough that the UE should not neglect it [9]. As the uplink beams need to share the same TAG in one cell, this effect could be compensated by UE adjustment. With restriction of the adjustment based on beam indication, the procedure is left to UE implementation. The draft CR is provided in [8].
	Text proposals for TS 38.213 v15.0.0 Section 4.2
< Unchanged parts are omitted >

For a timing advance command received on slot 
[image: image4.wmf]n

, the corresponding adjustment of the uplink transmission timing applies from the beginning of slot 
[image: image5.wmf]6

+

n

. If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as specified in [10, TS 38.133], the UE changes 
[image: image6.wmf]TA

N

 accordingly. The adjustment corresponds to the downlink RS indicated by SRS-SpatialRelationInfo if provided.
< Unchanged parts are omitted >


Proposal 10: Support UE adjustment of transmission timing according to the uplink beam indication.
5 Summary of proposals
In this paper, we have the following proposals:
Proposal 1: Support UE capability reporting for the supported values of Threshold-Sched-Offset, including at least {14, 28} symbols (assuming 120 kHz as the maximum subcarrier spacing).
Proposal 2: Support including a 7-bit RSRP table in specifications.
Proposal 3: Support reserving at least one state (e.g., 0000) in 4-bit differential RSRP report for dealing with special cases. 
Proposal 4: Support the following dropping rules when beam reporting and/or CSI reporting conflicts on short PUCCH and the total payload exceed the maximal PUCCH payload: 

1. AP beam reporting vs P CSI reporting and/or P beam reporting vs AP CSI reporting

AP beam reporting > P CSI reporting;

AP CSI reporting > P beam reporting.
2. AP beam reporting vs P beam reporting

     AP beam reporting > P beam reporting.

3. AP/P beam reporting vs CSI reporting

Beam reporting part 1 > CSI reporting> beam reporting part 2.
Proposal 5: 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 6: Support UE to request the amount of CSI-RS resources/sets for DL Rx beam training.

Proposal 7: Multiple Aperiodic CSI-RS resource sets with various trigger offset X can be associated to single trigger point.

Proposal 8: Support {SSBRI or CRI}/RSRP as one choice of the higher layer parameter ReportQuantity.
Proposal 9: Support the following additional configuration for beam reporting:

· Multiple resource sets, all with repetition = “ON” 

· UE reports CSI-RS resource set indicator(s) for CRI feedback
Proposal 10: Support UE adjustment of transmission timing according to the uplink beam indication.
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