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Introduction
In this contribution, we present Samsung’s views on various issues of DL and UL beam management, including beam indication, beam measurement and reporting, and UL beam management. At the end of this contribution, text proposals for TS 38.214 V15.0.0 are provided.
Beam reporting
1 
2 
Contents of beam report
For non-group based beam reporting, we have reached the following agreement [1]:
	· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
· Differential RSRP is computed with reference to the strongest reported RSRP
Step size: 2dB




Differential L1-RSRP uses a 4-bit value and 2 dB step-size. The value range for each differential L1-RSRP bit value can be follows:
	The value of 4-bit
	Differential L1-RSRP range

	0x0000
	0dB ≥ differential L1-RSRP > -2dB

	0x0001
	-2 dB ≥ differential L1-RSRP > - 4dB

	…
	…

	0x1111
	-30dB ≤ differential L1-RSRP 


The value 0x1111 can be also defined as ‘out-of-range’, where the L1-RSRP value is more than 30dB lower than the largest L1-RSRP in the same reporting instance.
A big issue with 2dB step-size of differential L1-RSRP is that the precision of beam L1-RSRP report is reduced. When L1-RSRP of two reported CSI-RS resources are within 2dB, the gNB can not figure out which CRI is better even though the UE knows the more accurate L1-RSRP values for them. To resolve this issue, we propose to sort the CRIs in beam report and use the sorting information to indicate more information to the gNB. For a beam reporting with N = 4 CRIs, assuming the L1-RSRP of CRI1 ≥ the L1-RSRP of CRI2 ≥ the L1-RSRP of CRI3 ≥ the L1-RSRP of CRI4. The report payload can be arranged in the following way: [CRI1; L1-RSRP of CRI1; CRI2; differential L1-RSRP of CRI2; CRI3; and differential L1-RSRP of CRI3; CRI4; and differential L1-RSRP of CRI4]. By doing that, we can see the following advantages:
1) The UE can report more information to the gNB without any payload size increase;
2) The limitation of 2dB differential L1-RSRP is removed.
Therefore, we make the following proposals: 
Proposal 1: For CRI/RSRP and SSBRI/RSRP report:
· If the higher layer parameter nrofReportedRS is configured to be larger than one, the UE shall sort the reported CRIs (or SSBRIs) in descending order according to the L1-RSRP of reported CRIs (or SSBRIs).
· For a CRI/RSRP report with N = 4 reported CRIs. Assume the L1-RSRP of CRI1 ≥ the L1-RSRP of CRI2 ≥ the L1-RSRP of CRI3 ≥ the L1-RSRP of CRI4, the payload bits are arranged as follows:
	CSI fields

	CRI1

	L1-RSRP of CRI1

	CRI2

	Differential L1-RSRP of CRI2

	CRI3

	Differential L1-RSRP of CRI3

	CRI4

	Differential L1-RSRP of CRI4


· CRI/RSRP and SSBRI/RSRP report with N = 1/2/3 CRIs/SSBIs use the same method.
Periodic beam report on short PUCCH
For the beam reporting channel, we have the following agreement:
	Agreement:
· 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


A periodic beam report can be sent in short PUCCH channel. One CRI and SSBRI can use up to 6 bits. L1-RSRP and differential L1-RSRP values use 7 bits and 4 bits, respectively. The payload size for a periodic beam report with N CRIs or SSBRIs can be up to:
· For N = 1: payload size can be up to 13 bits;
· For N = 2: payload size can be up to 23 bits;
· For N = 3, payload size can be up to 33 bits;
· For N = 4, payload size can be up to 43 bits.
Short PUCCH channel has pretty limited capacity. Beam report with N = 1 or 2 CRIs can be accommodated in short PUCCH channel with good code rate. However, short PUCCH channel are not able to accommodate beam report with N = 3 or 4 CRIs, which would result in too high code rate so that reliable transmission is not guaranteed. To resolve this issue, one simple solution is to not schedule beam report with N = 3 and 4 CRIs on a short PUCCH channel. If a UE is configured with beam report with N > 2 CRIs on a short PUCCH channel, the UE can choose to only report 2 CRIs. However, that method would impose big restriction on UL transmission scheduling.
Another method is to transmit one beam report with big payload size in two short PUCCH instances. The UE can determine transmitting one beam report in a single short PUCCH instance or two short PUCCH instances according to the beam report size. If the periodic beam report has N ≤ 2 CRIs, the UE sends the beam report in one single PUCCH instances. If the periodic beam report has N = 3 or 4 CRIs, the UE splits the beam report into two parts and transmits these two parts in two PUCCH instances. By doing that, the full capability of periodic beam reporting can be supported in short PUCCH channel.
Proposal 2: For periodic beam report on short PUCCH channel, the UE sends a beam report as follows:
· For a beam report with N = 1 or 2 CRIs, the beam report is sent in a single short PUCCH instance;
· For a beam report with N = 3 or 4 CRIs, the beam report is split into two parts and is sent in two short PUCCH instances.
Collision of beam reports
In current design, the beam report can be categorized via the followings aspects:
· Per report content: we can have CRI/RSRP report or SSBRI/RSRP report. CRI/RSRP report is for the case of the UE measure a set of CSI-RS resources and report N selected CRIs and L1-RSRPs. SSBRI/RSRP report is the case of the UE measures a set of SS/PBCH blocks and report N selected SS/PBCH blocks and their L1-RSRPs. 
· Per report mode: we have group-based beam report and normal beam report. Group-based beam report is configured via a higher layer parameter group-based-beam-reporting set to “ON”.  
· Per report time behavior: we have periodic, aperiodic and semi-persistent beam reports.
· Per reporting UL channel: periodic beam report can be sent on long PUCCH or short PUCCH. Semi-persistent beam report can be sent on PUSCH, long PUCCH or short PUCCH. Aperiodic beam report can be sent on PUSCH or short PUCCH.
For two beam reports, we could meet report collision for one or more of the above aspect. If a CRI/RSRP report collides with a SSBRI/RSRP report, the CRI/RSRP report can have higher priority. Generally, CRI-RS resource carries more refined beam than SS/PBCH blocks for beam management. Therefore, when beam report based on CSI-RS resources should have higher priority than beam report based on SS/PBCH blocks. If a grouped-based beam report collides with a normal beam report, the normal beam report should can have higher priority. Normal beam report is the basis for beam management and would be used in following beam indication and switch. However, group-based beam report is optimization for multi-panel case. Therefore, the UE should send the normal beam report in case of collision.
When two beam reports collide, we have two alts to transmit those beam reports:
· Alt#1: the UE can drop one of them and only send the beam report with higher priority.
· Alt#2: the UE can merge these two beam report into one beam report and report the merged beam report. This Alt can be applicable if the merged beam report has small payload size and can be still accommodated in the UL channel with good code rate. By doing that, the collision issue can be resolved and both beam reports can be sent without losing any information. 

Proposal 3: For collision between two beam reports, the UE shall do:
· When a CRI/RSRP report collides with a SSBRI/RSRP report, the CRI/RSRP report has higher priority.
· When a group-based beam report collides with a non-group based beam report, the non-group based beam report has higher priority. 
· When two beam report collides, the UE can choose to (1) only send the beam report with higher priority if the payload size of merged beam report is equal or larger than some value or (2) merge two beam report into one beam report and send the merged beam report if the payload size of merger beam report is less than some value. 
Beam indication
As we agreed, the beam indication for PDSCH is based on a threshold for scheduling offset. The DL assignment DCI has a TCI field to indicate the spatial QCL for the scheduled PDSCH. When the scheduling offset between assignment DCI and PDSCH is less than threshold Threshold-Sched-Offset, spatial QCL for CORESET is used for the PDSCH. The value for Threshold-Sched-Offset is not decided yet.
In our view, the value for Threshold-Sched-Offset should be per UE. We cannot have a single value for all the UEs. The reason why we need the beam indication mechanism of Threshold-Sched-Offset is critically due to the processing capability of UEs. Various UEs can have totally different processing capability. High-end UE can finish DCI decoding and obtain TCI value within one slot. In contrast, low-end UE might need quite a few slots to process that. Therefore, the value Threshold-Sched-Offset for should be determined per UE.
The threshold value should be an integer number of slots for the operating SCS to avoid unnecessary complexity caused by symbol-level threshold. Multiple SCS values are supported in NR. In NR phase 1, SCS = 60 and 120 kHz are supported for data in >6GHz bands and SCS = 15/30/60 kHz are supported for data in 1~6GHz bands. As part of UE capability reporting, the UE can report, T0, the time needed to complete the DCI decoding and obtain the TCI information. The value Threshold-Sched-Offset for a BWP with SCS value X kHz can be computed as: 
Threshold-Sched-Offset = 
To summarize, the following proposals on beam indication for PDSCH are made:
Proposal 4: For the spatial QCL indication for a PDSCH:
· The value of Threshold-Sched-Offset is computed per UE per slot time length
· The value of Threshold-Sched-Offset is computed as:
Threshold-Sched-Offset = 
· where  is the time needed to complete the DCI decoding and obtain the TCI information as reported in UE capability.
Group-based beam reporting
In the current specification, group-based beam reporting is supported, which was agreed in the following agreement.
	Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied



The group-based beam report is configured through the higher layer parameter group-based-beam-reporting set to ‘ON’. The UE reports 2 L1-RSRP and CRIs (or SSBRIs) that can be received simultaneously by the UE with same Rx beam (i.e., spatial domain filter). The motivation for group-based beam report is multi-panel TRP. The group-based beam report result would be used by the gNB to select transmit beamformers from multiple Tx panels.
However, the CSI-RS configuration supported in current design can not support group-based beam report effectively. With the current CSI-RS configuration, the CRI/L1-RSRP report through group-based beam report is not useful for the gNB and is not able to support the motivation of multi-panel TRP.
In current design, the UE can only be configured to measure and select N Tx beams from a set of CSI-RS resources. For a TRP with two transmit panels, the motivation for group-based beam reporting is to let UE to select one Tx beam from each panel and those two Tx beams selected from two panels can be received simultaneously by the UE with one or multiple spatial domain receive filters. With such report, the gNB can choose the proper Tx beams from both panel for downlink transmission. But with current CSI-RS design, the gNB can only transmit the CSI-RS resources with one of the following methods according to the current design:
1) The gNB can transmit all the CSI-RS resources in that set from one of the transmit panels. With this implementation, the UE can only measure and select Tx beams for a single panel. 
2) The gNB transmits some of the CSI-RS resources from one panel and some of the CSI-RS resources from the other panel. With this implementation, those 2 CRIs reported by the UE might be from same panel or different two panel and the result might be useful or not.  
Therefore, to make the group-based beam reporting workable and useful, the gNB can configure the UE to measure two sets of CSI-RS resources and then select and report one CRI from each CSI-RS resource set according the principle of group-based beam reporting. Another method to support group-based beam reporting is to configure two resource settings. Each resource setting has one CSI-RS resource set. These two resource settings are linked to one reporting setting. For group-based beam reporting, the UE is configured to select and report one CRI from each of these two resource settings.
Proposal 5: If the UE is configured with higher layer parameter group-based-beam-reporting set to ‘ON’, the UE may report 2 CRIs and L1-RSRPs as follows:
· The UE may be configured with two CSI-RS resources sets. The UE can select one CRI from each CSI-RS resource set where those two selected CSI-RS resources from two CSI-RS resource sets can be received simultaneously by the UE either with a single domain receive filter or with multiple simultaneous spatial domain receive filters.
· These two CSI-RS resource sets can be configured in a single resource setting or can be configured into two resource settings linked with one same reporting setting.
SRS and UL beam management
3 
4 
5 
Spatialrelation configuration
The purpose of UL beam management is to enable gNB and UE select the proper gNB Rx beam and UE Tx beam for UL transmission. The results of UL beam management can be used and is needed for the transmission of PUSCH, PUCCH and SRS for code-book and non-codebook based transmission. The basic UL beam management procedure is the UE sends multiple SRS resources and each SRS resource is transmitted with Tx beam, and the gNB can measure the quality of those SRS resources (with some Rx beam) and then pick the ‘best’ beam out of those beams carried by those SRS resources. 
In the current design, one SRS resource can be configured with a higher layer parameter SpatialRelationInfo, which provides the Tx beamformer information for the SRS resource. The SpatialRelationInfo can be a CSI-RS, SSB or SRS. If SpatialRelationInfo is configured for one SRS resource, the UE shall use the transmit beamformer indicated by the SpatialRelationInfo to transmit the SRS resource. If SpatialRelationInfo is not configured for one SRS resource, the UE shall generate the beamformer itself for that SRS resource.
In our view, the current design of using configuration SpatialRelationInfo is not able to support UL beam management completely. In the transmission of SRS resources for UL beam management, we would meet the following cases:
· Case 1: the NW does not have a prior knowledge on UE’s Tx beamforming direction. Therefore, the NW is not able to configure the beamforming directions on SRS resources for UL beam management. In this case, the NW can configure the UE to transmit a set of SRS resources and configure the UE to generate the Tx beamforming direction for those SRS resources according itself. For this case1, the NW can configure a set of SRS resources without SpatialRelationInfo so that the UE can transmit SRS resources with beamforming directions generated by itself. 
· Case 2: the NW already knows one particular beamforming direction is a good candidate for UL transmission. For this case, the only motivation why the NW configures the SRS to transmit this beamforming direction is to re-measure this beamforming direction or to sweep Rx beams with respect to this Tx beam. In this case, the NW can configure the UE to transmit SRS resource with that beamforming direction. 
· Case 3: The NW has partial a prior knowledge of UE’s beamforming direction. The NW knows the coarse beam direction for one UE and the NW needs the UE to generate a few refined beamforming direction around the coarse beam direction so as to obtain the final ‘best’ beam pair link for uplink. The current design is not able to support this case.
We know UL beam management has U-1, U-2 and U-3 procedures. The U-1 procedure can be supported with current design. The U-2 procedure can also be supported by current design through gNB’s implementation, as discussed for case 2 above. However, the U-3 procedure is not supported. The case 3 is equivalent to the U-3 procedure. In U-3 procedure, the UE is requested to transmit multiple different Tx beams that is the refined beamforming direction with respect to some direction. To realize that, the UE is requested to formulate multiple different beamforming direction with respect to one Tx beamforming direction and then apply those Tx beams on multiple SRS resources so that the gNB can measure and then select the ‘best’ Tx beam. To support the function of U-3 procedure, we need to configure the UE to (1) apply different Tx beams on multiple SRS resources and (2) those Tx beams are generated by one UE with respect to one coarse Tx beamforming direction indicated by the gNB.
 To support U-3 procedure, i.e. Case 3 discussed above, in the scope of current framework of SpatialRelationInfo, we can do the following method. The UE is configured with a set of N SRS resources for UL beam management. The first SRS resource in the set is configured with SpatialRelationInfo and all the other N-1 SRS resources are NOT configured with parameter SpatialRelationInfo. The UE shall generate the transmit beamformers for the first SRS resource according the CSI-RS, SSB or SRS in the configured SpatialRelationInfo. And for all the other N-1 SRS resources, the UE can generate N-1 different Tx beamforming directions based on the beamforming direction indicated by the SpatialRelationInfo configured to the first SRS resource. Through this method, the U-3 procedure (i.e., Case 3) can be fully supported. Therefore, we make the following proposal  
Proposal 6: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”: if one or a subset of SRS resources in that set are configured with a higher layer parameter SpatialRelationInfo, the UE shall transmit the SRS resources which are not configured with a higher layer parameter SpatialRelationInfo in that SRS set as follows:
· The UE shall transmit those SRS resources with different spatial domain transmission filters that the UE can generate according to (1) the spatial domain transmission filter used for the reception of the CSI-RS or SSB indicated by the higher layer parameter SpatialRelationInfo configured to one of the SRS resources in the same set or (2) the spatial domain transmission filter used for transmission of the SRS indicated by the higher layer parameter SpatialRelationInfo configured to one of the SRS resources in the same set
Another method to support U-3 function in NR is that a SRS resource set for beam management can be configured with a parameter to indicate the method of how the UE shall generate the Tx beamformers for those SRS resources in that set. A higher layer parameter SRS-SetUse can be re-used here. The SRS-SetUse being set to ‘U3-beamManagement’ and SpatialRelationInfo are configured for a SRS resource set with L SRS resources. With this setup, the UE can assume to apply L different spatial domain transmission filters on those L SRS resources and those L different spatial domain transmission filters shall be formulated with a reference to the Tx beamforming direction indicated by SpatialRelationInfo configured to that set.
Proposal 7: When one SRS resource set can be configured with SRS-SetUse = “U3-BeamManagement”, a SpatialRelationInfo is configured for the whole set. The UE shall transmit the SRS resources in that set with different spatial domain transmission filters which are formulated with a reference to the parameter SpatialRelationInfo configured to that SRS resource set.  
SRS configuration
When the UE sends a set of SRS resources for UL beam management, the UE needs to apply same transmit power on those SRS resources. That is necessary for the gNB to fairly measure and compare the beam quality of different beamforming direction carried on those SRS resources. To achieve that, the UL power control parameters for SRS are configured per SRS set [2]. The UE uses the same parameters to calculate the transmit power for the SRS resources in the same set. However, the transmit power of one SRS resource is also the function of SRS bandwidth, as shown in [2]:



If two SRS resources in one set for UL beam management have different bandwidth, then the UE would use different transmit power on them. That is fine because the UE still apply the same power density (i.e., the transmit power per RE) on those two SRS resources and the gNB can still measure the beam quality (for example L1-RSRP) fairly by considering the same power density. But, if one SRS resource has large bandwidth so that the configured maximal SRS power  is reached, two SRS resources would have different transmit power and different transmit power density. To resolve this difficulty, there are a few solutions:
· 
Alt 1: In one set of SRS for UL beam management, all the SRS resources should be configured with the same bandwidth. By doing that, we can always guarantee the UE applies the same transmit power on SRS resources in the same set for UL beam management no matter if the configured maximal power is reached or not.
· Alt 2: The UE can take into account the bandwidth difference in the transmit power calculation for SRS resources for UL beam management. We can allow the gNB to configure SRS resources with different bandwidths in a SRS set for UL beam management. In the calculation of transmit power, the UE can use a “common bandwidth” value for all the SRS resources in the same set. One example of the common bandwidth can be largest bandwidth of all the SRS resources in the same set.
Alt1 is a simple solution but imposes the configuration limitation of same bandwidth of SRS resources. In comparison, Alt2 does not require the limitation of same bandwidth of all SRS resources in one set. For the UL beam management, it seems there is not much motivation for allowing different bandwidths of SRS resources in the same set. When multiple SRS resources configured in the same set are scattered in multiple slots, allowing different bandwidth might provide more scheduling flexibility to the gNB. To summarize, we made the following proposal to resolve the transmit power issue of SRS for UL beam management:
Proposal 8: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, all the SRS resources shall be configured with the same SRS bandwidth.  
Conclusions
In this contribution, a few issues on beam reporting, beam indication and UL beam management are discussed. Based on the discussion, the following proposals are provided:
Proposal 1: For CRI/RSRP and SSBRI/RSRP report:
· If the higher layer parameter nrofReportedRS is configured to be larger than one, the UE shall sort the reported CRIs (or SSBRIs) in descending order according to the L1-RSRP of reported CRIs (or SSBRIs).
· For a CRI/RSRP report with N = 4 reported CRIs. Assume the L1-RSRP of CRI1 ≥ the L1-RSRP of CRI2 ≥ the L1-RSRP of CRI3 ≥ the L1-RSRP of CRI4, the payload bits are arranged as follows:
	CSI fields

	CRI1

	L1-RSRP of CRI1

	CRI2

	Differential L1-RSRP of CRI2

	CRI3

	Differential L1-RSRP of CRI3

	CRI4

	Differential L1-RSRP of CRI4


· CRI/RSRP and SSBRI/RSRP report with N = 1/2/3 CRIs/SSBIs use the same method.

Proposal 2: For periodic beam report on short PUCCH channel, the UE sends a beam report as follows:
· For a beam report with N = 1 or 2 CRIs, the beam report is sent in a single short PUCCH instance;
· For a beam report with N = 3 or 4 CRIs, the beam report is split into two parts and is sent in two short PUCCH instances.
Proposal 3: For collision between two beam reports, the UE shall do:
· When a CRI/RSRP report collides with a SSBRI/RSRP report, the CRI/RSRP report has higher priority.
· When a group-based beam report collides with a non-group based beam report, the non-group based beam report has higher priority. 
When two beam report collides, the UE can choose to (1) only send the beam report with higher priority if the payload size of merged beam report is equal or larger than some value or (2) merge two beam report into one beam report and send the merged beam report if the payload size of merger beam report is less than some value.
Proposal 4: For the spatial QCL indication for a PDSCH:
· The value of Threshold-Sched-Offset is computed per UE per slot time length
· The value of Threshold-Sched-Offset is computed as:
Threshold-Sched-Offset = 
· where  is the time needed to complete the DCI decoding and obtain the TCI information as reported in UE capability.
Proposal 5: If the UE is configured with higher layer parameter group-based-beam-reporting set to ‘ON’, the UE may report 2 CRIs and L1-RSRPs as follows:
· The UE may be configured with two CSI-RS resources sets. The UE can select one CRI from each CSI-RS resource set where those two selected CSI-RS resources from two CSI-RS resource sets can be received simultaneously by the UE either with a single domain receive filter or with multiple simultaneous spatial domain receive filters.
· These two CSI-RS resource sets can be configured in a single resource setting or can be configured into two resource settings linked with one same reporting setting.
Proposal 6: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”: if one or a subset of SRS resources in that set are configured with a higher layer parameter SpatialRelationInfo, the UE shall transmit the SRS resources which are not configured with a higher layer parameter SpatialRelationInfo in that SRS set as follows:
· The UE shall transmit those SRS resources with different spatial domain transmission filters that the UE can generate according to (1) the spatial domain transmission filter used for the reception of the CSI-RS or SSB indicated by the higher layer parameter SpatialRelationInfo configured to one of the SRS resources in the same set or (2) the spatial domain transmission filter used for transmission of the SRS indicated by the higher layer parameter SpatialRelationInfo configured to one of the SRS resources in the same set
Proposal 7: When one SRS resource set can be configured with SRS-SetUse = “U3-BeamManagement”, a SpatialRelationInfo is configured for the whole set. The UE shall transmit the SRS resources in that set with different spatial domain transmission filters which are formulated with a reference to the parameter SpatialRelationInfo configured to that SRS resource set.  
Proposal 8: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, all the SRS resources shall be configured with the same SRS bandwidth. 
 
Text Proposals
In TS 38.214 
[bookmark: _Toc501048171][bookmark: _Toc501048183]5.1.5	Antenna ports quasi-colocation
…
[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk498589824]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 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 threshold shall be =  slots for one BWP, where  is the time needed to decode the DCI and switch the spatial domain receive filters as reported by one UE.

In TS 38.214 
	5.2.1.4	Reporting configurations
…
When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/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 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. The UE shall sort the reported CRIs or SSBRIs in descending order according to the L1-RSRP of reported CRIs or SSBRIs in one 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. The reported CSI-RS resources shall be selected from different CSI-RS resource sets configured in one Resource Setting ResourceConfig. 
…
[bookmark: _Toc501048201]In TS 38.214 
5.2.4	CSI reporting using PUCCH
…
Periodic CSI reporting on the short and long PUCCH supports wideband and partial band frequency granularities. Periodic CSI reporting on the PUCCH supports Type I CSI. When the short and long PUCCH carry Type I CSI with wideband and partial band frequency granularity, the CSI payload carried by the short PUCCH and long PUCCH are identical and the same irrespective of RI/CRI. For type I CSI sub-band reporting on long PUCCH, the payload is split into two parts. The first part contains RI/CRI, CQI for the first codeword. The second part contains PMI and contains the CQI for the second codeword when RI > 4. 
Periodic and semi-persistent RSRP report on short PUCCH supports transmitting one single RSRP report instance on one or two short PUCCH instances. When the parameter nrofReportedRS is 1 or 2, the UE shall transmit one single RSRP report in one short PUCCH instance as described in Subclause 5.2.1.4. When the parameter nrofReportedRS is 3 or 4, the UE shall divide the RSRP report payload into two parts. The first part contains 2 CRIs or SSBRIs and the second part contains the rest 1 or 2 CRIs or SSBRIs. The UE transmit the first part and the second part in two short PUCCH instances separately as described in Subclause 5.2.1.4.    
…
In TS 38.214 
[bookmark: _Toc501048202]5.2.5	Priority rules for CSI reports
…
· If an aperiodic Type II CSI report intended for the PUCCH collides with a Type II CSI report intended for the PUSCH, then the aperiodic Type II CSI report intended for the PUCCH has lower priority and shall not be sent by the UE.
· If a CRI/RSRP report collides with a SSBRI/RSRP report, then the CRI/RSRP report has higher priority and the SSBRI/RSRP shall not be sent by the UE.
· If a RSRP report configured with the higher layer parameter group-based-beam-reporting set to 'OFF' collides with a RSRP report with the higher layer parameter group-based-beam-reporting set to 'On', then the RSRP report configured with higher layer parameter group-based-beam-reporting set to 'On' has lower priority and shall not be sent by the UE. 
[bookmark: _Toc501048220]
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6.2.1	UE sounding procedure

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a UE may be configured with SRS resources (higher later parameter SRS-ResourceConfig), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse..When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', all the SRS resources in one SRS set shall have the same SRS bandwidth.
…
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
-	the UE receives a downlink DCI or an uplink DCI based activation command where a codepoint of the DCI may activate one or more SRS resource set(s).
-	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 or of the semi-persistent SRS or of the aperiodic SRS. 
When one SRS resource set is configured with the higher layer parameter SRS-SetUse set to ‘BeamManagement’, the UE shall transmit the SRS resources in that SRS resource set as follows:
· For one SRS resource configured with higher layer parameter SRS-SpatialRelationInfo:
· If the SRS resource is configured with the higher layer parameter SRS-SpatialRelationInfo set to 'SSB/PBCH' or 'CSI-RS', the UE shall transmit the SRS resource with spatial domain transmission filter used for the receiption of the SSB/PBCH or 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 SRS configured by SRS-SpatialRelationInfo.
· For one SRS resource not configured with higher layer parameter SRS-SpatialRelationInfo, the UE shall transmit it with a spatial domain transmission filter that is generated with a reference to the spatial domain transmission filters used to transmit one or more of the SRS resources configured with higher layer parameter SRS-SpatialRelationInfo in the same SRS resource set. The UE shall assume the spatial domain transmission filter can be different from the reference filter.
…
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