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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. [1]
In the contribution we discuss about remaining details of beam management. More specifally we focus on the following topics:
· Default TCI state
· PUSCH beam indication
· Beam indication to support power saving at multi-panel UE
· On Emission Limits at UE and Impact on Beam Management
· [bookmark: _Hlk510615416]L1-RSRP Beam Reporting for SS-block + CSI-RS (Juha) 

2	Default TCI state
One of the remaining issues is to define how spatial relation is assumed by UE before and after RRC configuration but before MAC-CE activation signaling, e.g. for PDCCH. In other words, it’s open how to define a default or implicit TCI state. That is needed e.g. in beam recovery and radio link monitoring since currently in 3GPP TS 38.213 the support of implicit configuration of BFD-RS (q0) is based on PDCCH TCI. Thus, there is an ambiguity or actually lack of specified behavior of how UE performs beam failure detection the during time between initial access (msg.1/msg.2 onwards) and before the activation of TCI state for PDCCH.
One option would be to define in the 3GPP TS 38.213 the assumption of an implicit TCI State configuration for PDCCH and PDSCH based on the indicated reference signal (SS/PBCH Block) in initial access. In more general view this approach could be used also in case of handover/beam failure recovery using dedicated signaling (here DL RS can be either SS/PBCH block or CSI-RS).  
Proposal 1: Assume implicit TCI-State for PDCCH and PDSCH based on the associated downlink RS (SS/PBCH block) with selected PRACH preamble before and after RRC configuration until first MAC-CE activation command.
3	PUSCH beam indication
Beam management for PUSCH has not been specifically defined in beam management agenda item similarly as it has been provided for PDSCH. For the PUSCH, the following cases for which the PUSCH beam indication should be defined are discussed:
1. PUSCH scheduled with 0_0
2. PUSCH scheduled with 0_1 but wout SRI
3. PUSCH scheduled with 0_1 with SRI and ulTxConfig == codebook
4. PUSCH scheduled with 0_1 with SRI and ulTxConfig == non-codebook

3.1 PUSCH scheduled with DCI format 0_0
A related agreement was made in RAN1#92 as follows:
	Agreement
· If ulTxConfig is not configured, the default transmission is 1 PUSCH port based
· The PUSCH is triggered by DCI format 0_0
· Note: there is no TPMI, no SRI indication in format 0_0
· Note: this does not imply new uplink transmission scheme shall be defined



Based on the above referred agreement, PUSCH scheduled with 0_0 is a 1-port based transmission without TPMI and SRI indication. This transmission mode is seen very attractive in both FR1 and FR2, e.g. in FR2 it can be used for low rank but wideband transmissions to provide high throughput without any configured SRS resources for the UE. gNB is able to determine uplink channel e.g. from uplink DMRS and thus SRSs wouldn’t be needed for uplink CSI acquisition either. However, it’s not clear or even specified how beam indication would be carried out for PUSCH in this case.
Observation 1: Beam indication for PUSCH scheduled with 0_0 is not defined.
The following options can be considered for the PUSCH beam indication when scheduled with 0_0:
a) PUSCH TX beam would be the same as configured PUCCH TX beam
· As each PUCCH resource is configured with a higher layer parameter PUCCH-Spatialrelationinfo allowing different transmit beams there may be ambiquity that which PUCCH resource to use for determining PUSCH TX beam. Thus, there may need to be some association defined or configured between PUSCH and spatial relation info of a certain PUCCH resource. A straightforward solution could be that PUSCH would follow activated spatialRelationInfo of PUCCH resource index 0
· Pros
· This would allow gNB to decouple DL and UL beam pair links if needed
· This would allow different direction in UL e.g. if emission stuff becomes real issue
· SpatialRelationInfo for PUCCH can always be configured same as for PDCCH  following PDCCH can also be supported
· When UCI is mapped on PUSCH, it would be feasible to transmit UCI using PUCCH TX beam (and towards TRP used to receive e.g. HARQ ACK/NACK for DL)
· Cons
· No L1 triggered dynamic beam indication

b) UE determines PUSCH TX beam from the scheduling PDCCH beam
· Pros
· This would be relatively simple
· Cons
· It’s unclear whether it is possible in all cases for the UE to transmit to direction that would correspond to strong downlink beam (e.g. due to regulations related to emission limits)

c) Extend TCI framework to cover PUSCH which would allow flexibly configure source RS for PUSCH
· Pros
· This would be the most flexible way of providing PUSCH beam indication. TCI framework for PUSCH reusing principles defined for PDSCH would allow gNB to configure UE with different “beam pair links” for PDCCH/PDSCH and PUSCH, for instance to tackle the potential issues in b)
· Support L1 trigger dynamic beam indication
· Cons
· Would require adding TCI indication index into DCI format 0_0

d) Use the beam used for Msg3 in RACH. Problem that it’s get out-dated over time
· Cons
· Problem is that Msg3 TX beam gets out-dated over time

Based on above the following observations and proposal are made for the PUSCH scheduled with 0_0:
Observation 2: Use of scheduling PDCCH beam to determine UE’s transmit beam for the scheduled PUSCH may be subject to regulated emission limits and thus in all cases the UL TX beam based on scheduling PDCCH may not be available. 
Observation 3: Two feasible options can be considered for PUSCH beam indication when the PUSCH is scheduled with DCI format 0_0:
1) PUSCH beam indication follows activated spatialRelationInfo of a PUCCH resource with index 0
2) Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication where TCI states providing QCL reference for PUSCH DMRS can have DL RSs as source RSs
3.2 PUSCH scheduled with DCI format 0_1 without SRI
Similar to previous case, this transmission mode is considered to be very useful because allowing scheduling PUSCH without triggering any prior SRS transmissions. A related agreement made in RAN1#92 is as follows:
	Agreement
· gNB should configure at least 1 SRS resource when ULTXconfig is codebook based UL transmission. No restriction on gNB’s configuration of SRS for UL scheduling by DCI format 0_0.
· If and when the SRS is triggered is up to gNB implementation




Based on above agreement, there are the following two cases to consider:
1) no SRS transmission:
· gNB will configure at least one SRS resource for UE but gNB has the choice of not to trigger this SRS transmission. Here PUSCH beam indication is not specified.
2) A single SRS transmission: 
· For 1 SRS resource, there will be no SRI, since there is no need for gNB to indicate which SRS resource a UE is using. It’s assumed that in this case PUSCH beam indication would be based on spatial relation info configured for the SRS (setUse==codebook) transmission.

Observation 4: PUSCH beam indication is not specified for the case when PUSCH is scheduled with 0_1 without SRI and SRS transmission.
The same options are considered to be valid for PUSCH beam indication for the the case where PUSCH is scheduled with DCI format 0_1 without SRI as with DCI format 0_0:
Observation 5: Two feasible options can be considered for PUSCH beam indication when the PUSCH is scheduled with DCI format 0_1 without SRI and triggered SRS transmission:
1) PUSCH beam indication follows activated spatialRelationInfo of a PUCCH resource with index 0
2) Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication where TCI states providing QCL reference for PUSCH DMRS can have DL RSs as source RSs

3.3 PUSCH scheduled with DCI format 0_1 with SRI and ulTxConfig == codebook
In this case PUSCH beam indication would be based on 1 bit SRI where SRI refers to one SRS resource (SRS-SetUse== codebook) and UE transmits with the same beam as it transmitted refered SRS resource. In other words, UE may be configured up to two SRS resources under ulTxConfig==codebook and the 1-bit SRI indicates a particular SRS resource for uplink channel sounding. Correspondingly, the UE shall transmit the PUSCH with the same transmit beam as it used for the transmission of SRS resource refered by SRI. Considering extending TCI framework to cover PUSCH beam indication also in this case could be implemented so that spatial relation info for SRS resource (SRS-SetUse == CodeBook) would refer to a certain TCI state. 
Observation 6: To adopt TCI framework for the case PUSCH is scheduled with 0_1 with SRI and ulTxConfig == CodeBook could be implemented so that spatial relation info for SRS resource is configured to refer to a certain TCI state. 
3.4 PUSCH scheduled with DCI format 0_1 with SRI and ulTxConfig == non-codebook
[bookmark: _Hlk510014022]In this case PUSCH beam indication would be based on n-bit SRI where SRI refers to certain SRS resource (SRS-SetUse== non-codebook) and transmission rank combination, and the UE transmits with the same beam as it transmitted the referred SRS resources. Here each SRS resource is map to only one SRS port. Thus, SRI is actually an indication of SRS ports. The UE determines the transmit beam(s) for SRS resources based on configured spatial relation info which may be given by higher layer parameter SRS-SpatialRelationInfo per resource or by higher layer parameter SRS-AssocCSIRS per resource set. Thus, the PUSCH beam indication is the same as configured for refered SRS resources by SRI. Similar to 2.3, considering extending TCI framework to cover PUSCH beam indication also in this case could be implemented so that spatial relation info for SRS resource (SRS-SetUse == non-CodeBook) would refer to a certain TCI state instead of SRS-SpatialRelationInfo or the resource set is associated to a certain TCI state instead of SRS-AssocCSIRS. 
Observation 7: To adopt TCI framework for the case PUSCH is scheduled with 0_1 with SRI and ulTxConfig == non-CodeBook could be implemented so that spatial relation info for SRS resource is configured to refer to a certain TCI state or the resource set is associated to a certain TCI state. 

3.5	Summary
As a summary based on discussion and related observations in 3.1 – 3.4 we have the following proposals:
Proposal 2: Until UE is configured in higher layer with spatialRelationInfo + activation for PUCCH or configured TCI and activated TCI states for PUSCH, the PUSCH allocations follow Msg3 (and Msg4 HARQ-ACK).
Proposal 3: For PUSCH scheduled with DCI format 0_0
· the PUSCH follows Msg3 if spatialRelationInfo is not configured and activated for a PUCCH resource with index 0. 
· otherwise, the PUSCH follows activated spatialRelationInfo for a PUCCH resource with index 0.

Proposal 4: For PUSCH scheduled with DCI format 0_1 without SRI and prior SRS transmission:
· Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication where TCI states providing QCL reference for PUSCH DMRS can have DL RSs as source RSs

Proposed text proposal can be found from Appendix A.
Observation 6: To adopt TCI framework for the case PUSCH is scheduled with 0_1 with SRI and ulTxConfig == CodeBook could be implemented so that spatial relation info for SRS resource is configured to refer to a certain TCI state. 
Observation 7: To adopt TCI framework for the case PUSCH is scheduled with 0_1 with SRI and ulTxConfig == non-CodeBook could be implemented so that spatial relation info for SRS resource is configured to refer to a certain TCI state or the resource set is associated to a certain TCI state. 

4	Beam Indication to Support Power Saving at Multi-Panel UE
4.1	On multi-panel UE
A UE operating in FR2 it’s expected that the UE is equipped with multiple antenna panels for transmission and reception to provide spherical coverage with more narrow beams than omni-directional beam. Given the very wide bandwidths available the use of multiple panels simultaneously and thus the use of multiple transceiver units each with very high sampling rate A/D and D/A conventers may induce high power consumption. Thus, it may become essential to support UE to switch off certain panel(s) when possible. However, in order not to cause any interruption on the DL and UL operation the UE should always have at least one active panel at a time through which the UE can receive DL and transmit UL as shown in Figure 1. 
[image: ]
[bookmark: _Ref509838900]Figure 1 Use of multiple panels at UE. 
Observation 8: FR2 UEs equipped likely with multiple TX/RX antenna panels.
Observation 9: For power saving it may be important to enable UE to switch off the antenna panel(s) when possible.
Proposal 5: Basic assumption is that the UE is having at least one active panel for TX and RX at a time.  
4.2	Baseline solution
To support UE autonomously to switch off the certain panels without introducing interruptions in transmission and reception capabilities is in some level enabled currently in Rel15 specifications. However, there are certain open points that would need more careful review. 
Currently, activation of a certain TCI state (TX beam) for the CORESET for PDCCH monitoring and activation of the TCI states for PDSCH beam indication are performed using a MAC-CE command. There is a MAC-CE activation latency that is the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message. It’s to be noted that the MAC-CE activation latency is open currently in RAN1.
The UE is basically able to autonomously switch off the panel(s) that are not needed e.g. to receive DL PDCCH and DL PDSCH based on the knowledge about activated TCI states. Then, if UE receives MAC-CE to activate a TCI state requiring a panel that is currently switched off the UE may trigger the panel to switched on and if the transition time from the triggering the panel to be switched on to be ready to receive is less than the MAC-CE application latency there shouldn’t be any interruption in the link between gNB and UE as shown in Figure 2. However, if the agreed MAC-CE command application latency is long, the NR wouldn’t support dynamic beam switching for instance for PDCCH, PDSCH and PUCCH which is not acceptable. 
[image: ]
[bookmark: _Ref509840257]Figure 2 Activation of TCI state for the UE requiring UE to switch on the panel.
Observation 10: Activation of a certain TCI state (TX beam) for the CORESET for PDCCH monitoring and activation of the TCI states for PDSCH beam indication are based on MAC-CE command. 
Observation 11: MAC-CE application latency is not agreed yet. 
Observation 12: If panel activation latency at UE is less than MAC-CE command application latency the UE is able to autonomously switch off some of its panels without interruptions. 
Proposal 6: From beam management point of view, MAC-CE command application latency should be primarily be determined to support dynamic beam switching and thus should be within 10 to 20 slots assuming 60/120 kHz SCS. 

4.3	Solution for enhanced power saving possibilities
As discussed in 4.2. NR Rel15 provides possibility for the UE autonomously switch off certain panels without causing interruptions is the panel activation time is less than MAC-CE command application latency. However, the MAC-CE command application latency should be short in order to support e.g. in beam management dynamic beam switching for different DL and UL channels. 
UE power saving possibilities could be enhanced if the gNB was aware of which UE panel is required per TCI state or L1-RSRP measurement that is used to determine at gNB whether certain DL RS is to be configured as source RS in spatial QCL sense for the UE (i.e. a TCI state). The gNB would then be able to more optimally configure TCI states – e.g. from power saving purpose the gNB may configure UE with TCI states which require minimum number of UE panels to be active at a time. 
Observation 13: If the gNB was aware of which UE panel is required per DL RS configured for BM, the gNB would be able to more optimally configure the TCI states for PDCCH and PDSCH – e.g. from power saving purpose the gNB may configure UE with TCI states which require minimum number of UE panels to be active at a time.
Basis for enhanced power saving possibilities would be group-based beam beam reporting, i.e. the L1-RSRP measurements would be grouped based on UE panel (tag) or reported L1-RSRP value would indicate UE panel (tag). 
Proposal 7: Support UE panel based L1-RSRP reporting for beam management. 

Proposal 8: Text proposal to 3GPP TS 38.214:

============== Text proposal starts ================

If the UE is configured with a CSI-ReportConfig 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 and the corresponding Rx-panel-tag.  
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', 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 reporting instance two different [CRI or SSBRI] for each report setting and the corresponding Rx-panel-tag., where [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. 
============== Text proposal ends ================

5	On Emission Limits at UE and Impact on Beam Management
5.1	Discussion
A number of contributions in RAN1 and RAN4 have discussed about emission limits at UE due to regulations [2-5]. However, it seems not that clear whether or not directional transmissions at UE and controlled by the gNB via beam management procedures in FR2 would be an issue from emission safety point of view. We think that it’s essential to clarify that in 3GPP. 
Proposal 9: It should be clarified in 3GPP (RAN4) whether or not directional transmissions at UE in FR2 are subject to emission limit awareness at gNB controlling the UE’s TX beams.
5.2	On Potential Impact on Beam Management
In case the gNB needs to be aware of UE’s directional transmission capability due to emission limits means that the gNB should get information which DL RSs are feasible to determine good downlink “beam pair links”, i.e. gNB TX beam and UE RX beam, and which DL RSs are feasible to determine good uplink “beam pair links”, i.e. UE TX beam and gNB RX beam. It’s assumed that for feasible system operation in FR2 beam correspondence should be applicable at UE and thus both UE RX and TX beams can be determined based on DL RSs. To support determining separately downlink and uplink “beam pair links” the UE would need to provide measurement reports separately on DL RSs: 
1)	N best DL RS indices + RSRP values for the ones that are good in downlink reception (as currently specified)
2)	N best DL RS indices + (RSRP values) for the ones that are good to determine UL TX beam where determination metric is FFS. 
Based on the separate reports the gNB can configure UE with proper spatial source RSs for DL based on 1) and for UL based on 2).
Observation 14: Beam management reporting can be enhanced to provide gNB information which DL RSs are feasible to determine good downlink beams (current specified behavior) and which DL RSs are feasible to determine good uplink beams from UE transmission power point of view (additional reporting behavior).
6	L1-RSRP Beam Reporting for SS-block + CSI-RS
The specification TS 38.214, Sec.5.2.1.4 supports UE to be configured for L1-RSRP reporting with both CSI-RS and SSB resources. However, in TS 38.214, technical details are missing how to perform L1-RSRP reporting when both SSB and CSI-RS resources are configured for UE. Therefore, in the following further details for aforementioned configuration to perform L1-RSRP reporting are provided. 

Figure 3 shows an example of jointly quasi-colocated (QCL)led SSB-CSI-RS beam report pair computation. Here, wide-beams are associated with SSB resources and narrow beams to CSI-RS resources. Single antenna port SSB resources are spatially QCLed with a single/multiple set(s) of (one or more) single or two antenna port CSI-RS resources. If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs over SSB and CSI-RS resources being spatially QCL:ed with each others. If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs over SSB and CSI-RS resources being spatially QCL:ed with each others. By following above description, individual beam reports can be obtained with already specified beam reporting format defined in TS 38.212. 

[image: ]
[bookmark: _Ref503471034]Figure 3 An example of a joint QCL:ed SSB-CSI-RS beam resource pair.

Proposal 10: In NR Rel-15, support the following joint SSB and CSI-RS L1-RSRP beam reporting configuration:
· If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
· If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.

Proposal 11: Text proposal to 3GPP TS 38.214:
==========================Text proposal starts===============================
[bookmark: _Toc501048185]5.2.1.4.2	Report Quantity Configurations
< Unchanged parts are omitted >
If the UE is configured with a CSI-ReportConfig with the higher layer parameter ReportQuantity set to 'CRI/RSRP' or ‘SSBRI/RSRP’ or CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’
< Unchanged parts are omitted >
5.2.1.4.3	L1-RSRP Reporting
< Unchanged parts are omitted >
When value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’ the UE shall jointly measure L1-RSRP with CSI-RS and SSB resources that are on the same OFDM symbols and spatially QCL:ed.
If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.
< Unchanged parts are omitted >
=========================== Text Proposal Ends==============================

7	Conclusions
This contribution discussed about remaining issues on beam management and more specifically about Default TCI state, PUSCH beam indication, Beam indication to support power saving at multi-panel UE, On Emission Limits at UE and Impact on Beam Management, and L1-RSRP Beam Reporting for SS-block + CSI-RS. Based on discussion the following proposals and observations were made:
Default TCI state:
Proposal 1: Assume implicit TCI-State for PDCCH and PDSCH based on the associated downlink RS (SS/PBCH block) with selected PRACH preamble before and after RRC configuration until first MAC-CE activation command.

PUSCH beam indication:
Observation 1: Beam indication for PUSCH scheduled with 0_0 is not defined.
Observation 2: Use of scheduling PDCCH beam to determine UE’s transmit beam for the scheduled PUSCH may be subject to regulated emission limits and thus in all cases the UL TX beam based on scheduling PDCCH may not be available. 
Observation 3: Two feasible options can be considered for PUSCH beam indication when the PUSCH is scheduled with DCI format 0_0:
1) PUSCH beam indication follows activated spatialRelationInfo of a PUCCH resource with index 0
2) Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication where TCI states providing QCL reference for PUSCH DMRS can have DL RSs as source RSs

Observation 4: PUSCH beam indication is not specified for the case when PUSCH is scheduled with 0_1 without SRI and SRS transmission.
Observation 5: Two feasible options can be considered for PUSCH beam indication when the PUSCH is scheduled with DCI format 0_1 without SRI and triggered SRS transmission:
1) PUSCH beam indication follows activated spatialRelationInfo of a PUCCH resource with index 0
2) Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication where TCI states providing QCL reference for PUSCH DMRS can have DL RSs as source RSs

Observation 6: To adopt TCI framework for the case PUSCH is scheduled with 0_1 with SRI and ulTxConfig == CodeBook could be implemented so that spatial relation info for SRS resource is configured to refer to a certain TCI state. 
Observation 7: To adopt TCI framework for the case PUSCH is scheduled with 0_1 with SRI and ulTxConfig == non-CodeBook could be implemented so that spatial relation info for SRS resource is configured to refer to a certain TCI state or the resource set is associated to a certain TCI state. 
Proposal 2: Until UE is configured in higher layer with spatialRelationInfo + activation for PUCCH or configured TCI and activated TCI states for PUSCH, the PUSCH allocations follow Msg3.
Proposal 3: For PUSCH scheduled with DCI format 0_0
· the PUSCH follows Msg3 if spatialRelationInfo is not configured and activated for a PUCCH resource with index 0. 
· otherwise, the PUSCH follows activated spatialRelationInfo for a PUCCH resource with index 0.

Proposal 4: For PUSCH scheduled with DCI format 0_1 without SRI and prior SRS transmission:
· Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication where TCI states providing QCL reference for PUSCH DMRS can have DL RSs as source RSs

Proposed text proposal can be found from Appendix A.

Beam indication to support power saving at multi-panel UE:
Observation 8: FR2 UEs equipped likely with multiple TX/RX antenna panels.
Observation 9: For power saving it may be important to enable UE to switch off the antenna panel(s) when possible.
Proposal 5: Basic assumption is that the UE is having at least one active panel for TX and RX at a time.  
Observation 10: Activation of a certain TCI state (TX beam) for the CORESET for PDCCH monitoring and activation of the TCI states for PDSCH beam indication are based on MAC-CE command. 
Observation 11: MAC-CE application latency is not agreed yet. 
Observation 12: If panel activation latency at UE is less than MAC-CE command application latency the UE is able to autonomously switch off some of its panels without interruptions. 
Proposal 6: From beam management point of view, MAC-CE command application latency should be primarily be determined to support dynamic beam switching and thus should be within 10 to 20 slots assuming 60/120 kHz SCS. 
Observation 13: If the gNB was aware of which UE panel is required per DL RS configured for BM, the gNB would be able to more configure TCI states – e.g. from power saving purpose the gNB may configure UE with TCI states which require minimum number of UE panels to be active at a time.
Proposal 7: Support UE panel based L1-RSRP reporting for beam management.
Proposal 8: Text proposal to 3GPP TS 38.214:

============== Text proposal starts ================

If the UE is configured with a CSI-ReportConfig 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 and the corresponding Rx-panel-tag.  
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', 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 reporting instance two different [CRI or SSBRI] for each report setting and the corresponding Rx-panel-tag., where [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. 
============== Text proposal ends ================

On Emission Limits at UE and Impact on Beam Management:
Proposal 9: It should be clarified in 3GPP (RAN4) whether or not directional transmissions at UE in FR2 are subject to emission limit awareness at gNB controlling the UE’s TX beams.
Observation 14: Beam management reporting can be enhanced to provide gNB information which DL RSs are feasible to determine good downlink beams (current specified behavior) and which DL RSs are feasible to determine good uplink beams from UE transmission power point of view (additional reporting behavior).

L1-RSRP Beam Reporting for SS-block + CSI-RS:
Proposal 10: In NR Rel-15, support the following joint SSB and CSI-RS L1-RSRP beam reporting configuration:
· If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
· If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.

Proposal 11: Text proposal to 3GPP TS 38.214:

==========================Text proposal starts===============================
5.2.1.4.2	Report Quantity Configurations
< Unchanged parts are omitted >
If the UE is configured with a CSI-ReportConfig with the higher layer parameter ReportQuantity set to 'CRI/RSRP' or ‘SSBRI/RSRP’ or CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’
< Unchanged parts are omitted >
5.2.1.4.3	L1-RSRP Reporting
< Unchanged parts are omitted >
When value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ or SSBRI/Joint-RSRP’ the UE shall jointly measure L1-RSRP with CSI-RS and SSB resources that are on the same OFDM symbols and spatially QCL:ed.
If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.
< Unchanged parts are omitted >
=========================== Text Proposal Ends==============================
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Appendix A - Text proposal for PUSCH beam indication 

========== START of Text Proposal (TS 38.212) =========

== UNCHANGED TEXT OMITTED ==
[bookmark: _Toc505960307][bookmark: _Toc508812082]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI:
== UNCHANGED TEXT OMITTED ==
-	SRS resource indicator – 0,  or  bits, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'CodeBook' or 'NonCodeBook', and  is the maximum number of supported layers for the PUSCH.
-	 bits for non-codebook based PUSCH transmission according to Tables 7.3.1.1.2-28/29/30/31, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'NonCodeBook';
-	 bits for codebook based PUSCH transmission according to Tables 7.3.1.1.2-32, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'CodeBook'.
-	0 if the configured SRS resource is not triggered
-	TCI state index – 0 or 3 bits
	-	0 bits if SRS resource indicator > 0 bits or if TCI_Enabled_PUSCH = ‘Disabled’
	-	3 bits if SRS resource indicator = 0 bits and if TCI_Enabled_PUSCH=’Enabled’


== UNCHANGED TEXT OMITTED ==

========== END of Text Proposal (TS 38.212) =========

========== START of Text Proposal (TS 38.214) =========

== UNCHANGED TEXT OMITTED ==
[bookmark: _Toc501048206]6.1.1	Transmission schemes
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission. The UE is configured with codebook based transmission when the higher layer parameter ulTxConfig is set to 'Codebook', the UE is configured non-codebook based transmission when the higher layer parameter ulTxConfig is set to 'NonCodebook'. If the higher layer parameter ulTxConfig is not configured, the PUSCH transmission is based on one PUSCH antenna port, which is triggered by DCI format 0_0. The UE shall transmit PUSCH with the same spatial domain transmission filter used for the transmission of Msg3 if the UE has not dedicated PUCCH resource configured with higher layer parameter PUCCH-Spatialrelationinfo. Otherwise the UE shall transmit PUSCH with the same with the same spatial domain transmission filter as defined by PUCCH-SpatialRelationInfo of the PUCCH resource with PUCCH-ResourceId=0. 
== UNCHANGED TEXT OMITTED ==
[bookmark: _Toc501048207]6.1.1.1		Codebook based UL transmission
== UNCHANGED TEXT OMITTED ==
[bookmark: _Hlk500799851][bookmark: _Hlk500800106][bookmark: _Hlk500784100]The UE can be configured with up to M TCI-States by higher layer signalling to transmit PUSCH 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 RS set TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring spatial relationship between the reference signals in the RS set and the DM-RS port group of the PUSCH. The RS set contains a reference to one DL RS. 
[bookmark: _Hlk500953403]The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. 
If a UE is configured with the higher layer parameter TCI-Enabled-PUSCH that is set as 'Enabled' for the CORESET scheduling the PUSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. If TCI-Enabled-PUSCH is set as 'Disabled' for the CORESET scheduling the PUSCH the UE shall transmit PUSCH with the same with the same spatial domain transmission filter as defined by PUCCH-SpatialRelationInfo of the PUCCH resource with PUCCH-ResourceId=0. 
[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716]If the TCI-Enabled-PUSCH 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 PUSCH spatial domain transmission filter if the time offset between the reception of the DL DCI and the corresponding PUSCH is equal to or greater than a threshold Threshold-Sched-Offset-PUSCH, where the threshold is based on UE capability. For both the cases when TCI-Enabled-PUSCH = 'Enabled' and TCI-Enabled-PUSCH = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PUSCH is less than the threshold Threshold-Sched-Offset-PUSCH, the UE shall transmit PUSCH with the same with the same spatial domain transmission filter as defined by PUCCH-SpatialRelationInfo of the PUCCH resource with PUCCH-ResourceId=0.

== UNCHANGED TEXT OMITTED ==

========== END of Text Proposal (TS 38.214) =========
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