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1 Introduction

In RAN1 NR Adhoc #2, #90 and Adhoc #3, the following has been agreed as a progress of DL beam management including beam indication, beam measurement and reporting [3]
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Agreements:

· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types

· Study L1-RSRP reporting of multiple beams considering

· Differential L1-RSRP for multiple beams

· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable

· Bit-width of reporting, 

· Number of groups/beams per group 

· UCI design of the beam reporting, 

· FFS: Other issues

Agreements:

· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

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

Agreements:

· At least for non-grouping based beam reporting, taking the following parameter values for further consideration

· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]

· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]

· For L1-RSRP levels, candidate value is, e.g., around [100]

· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm

· Considering step-size of L1-RSRP, e.g., Z dB

· Companies are encouraged to evaluate/analyze appropriate values considering

· P1, P2, and P3 procedures

· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported

· The values could be different for PUCCH and PUSCH based reporting, if supported

· CSI-RS and/or SS-block related measurement/reporting
Agreement:

· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 

· FFS: whether the set of SSBs is all of the SSB beams or a subset of them

· Alt1: Support configuration of SSB resources within a resource setting for beam management.

· L1-RSRP measurement on these resources is reported

· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.

· L1-RSRP measurement on these resources is reported

· Down-select between the two options

Agreement:

A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication

· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH

· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH

· Each TCI state can be configured with one RS Set

· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:

· SSB

· Periodic CSI-RS

· Aperiodic CSI-RS

· Semi-persistent CSI-RS

· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item

· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes

· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.

· The mechanisms used for different RS types are FFS

· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes

· FFS: Value of N, where N is at most [3] bits

Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.

Agreement:

· For QCL indication for PDSCH:

· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI

· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state

· FFS: whether or not a QCL type is configured, configuration details are for further study

·  Whether or not the TCI field is always present in a given DL-related DCI is FFS

· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment

· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH

In RAN1 NR #88bis, #89 and #90, the following has been agreed as a progress of uplink (UL) beam management as well [3]

 REF _Ref492571494 \n \h 
 \* MERGEFORMAT [4]:

Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence

· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping

· E.g., derived from beam-specific power control signalling and maximum transmit power

· FFS: spec. impact 

Agreements:

· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management

· FFS transmit power for the N SRS resources for UL beam management  

Agreements:

· Support UE to provide information to gNB to assist UL beam management

· The information can be a number representing the amount of SRS resources required for UE Tx beam training

· FFS the supported number(s), taking into account performance and implementation complexity aspects

· Note: these set of SRS resources are associated with a set of Tx beams

· FFS: signaling method

· E.g., capability signaling, or msg3, or dynamic signalling

· FFS: impact of multi-panel 

· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact

In this contribution, we discuss on the abovementioned open issues for DL beam management including beam measurement, reporting and indication, and for UL beam management including UE-assisted SRS configuration and SRS transmission power for UL beam sweeping.
2 Discussion
2.1 DL Beam Management
2.1.1 Beam Measurement and Reporting

2.1.1.1 Beam-group based reporting

For beam-group based reporting, it has been agreed that a UE can be configured to report the information of N Tx beams and its associated measurement values. It could be up to 8 Tx beams although the N = {4, 8} is still not agreed yet. Considering that a large number of beams can be used and a UE needs to report information of N beams and its associated measurement values, the overhead reduction of beam group based reporting seems to be important. 

In order to reduce the overhead, a differential RSRP for multiple beam reporting can be considered, where a UE may report a reference RSRP (e.g., the average RSRP) for a beam group and differential RSRP values for the rest of N reported beams within the same beam group. The differential RSRP is the RSRP of each individual beam within the same beam group with respect to the reference RSRP (e.g. the average RSRP). The differential RSRP may be configured to be reported in a certain quantization level or resolution based on the trade-off between signalling overhead and reporting accuracy for beam management. To reduce signalling overhead, large quantization level (or low resolution) may be used. On the other hand, small quantization level (or high resolution) may be used if accurate beam reporting is desired.

Proposal 1: Support differential RSRP feedback of multiple beam reporting with multiple resolutions.

2.1.1.2 Unified beam measurement and reporting on SS block and CSI-RS

RAN1 has agreed that at least three different L1-RSRP reporting scenarios should be supported for NR: CSI-RS only, SS block only and CSI-RS plus SS block with independent reporting. Joint L1-RSRP reporting of CSI-RS and SS block is an additional possible reporting scenario. With periodic CSI-RS, a UE may not be able to detect abrupt beam changes due to UE rotation. Aperiodic and semi-persistent CSI-RS may be triggered on demand. On the other hand, SS block is another always-on signal and may be exploited for beam management to complement CSI-RS when CSI-RS is not available and/or it is desirable to reduce the overhead of UE specific configurations for CSI-RS. Both CSI-RS and SS block are very likely to be configured to a UE for beam management and reporting. Based on the dynamic availability of different reference signals, a UE may frequently switch among different scenarios to perform beam measurement and reporting. Therefore, a unified DL beam management framework is desirable to handle different beam reporting scenarios for better flexibility of configuration, more efficient use of resources and reporting overhead. 
Proposal 2: A unified DL beam management framework is supported for flexible beam measurement and reporting on SS-block and CSI-RS.
With dynamic availability of different reference signals, the beam measurement results at UE may contain L1-RSRP values from different reference signals. If these results are reported directly, multiple beam reporting formats have to be defined and configured to a UE so that TRP/gNB could interpret the reporting content. To provide efficient configuration for UE beam measurement reporting, a unified beam reporting format is necessary. As a UE needs to cover different beam reporting scenarios, the unified beam reporting format should be flexible enough to carry one or more information which may include reference signal type (e.g., SS block or CSI-RS), measurement quantities (e.g., L1-RSRP, L1-RSRQ), and reporting types (e.g., independent or joint reporting). This unified beam reporting format should be designed in a more efficient manner to support flexible configuration of SS-block and CSI-RS beam reporting, especially for the periodic beam reporting. 
Proposal 3: Support a unified beam reporting format for flexible beam measurement and reporting. 
For a wider bandwidth operation in NR, multiple bandwidth parts could be configured to a UE. It is possible that SS blocks may or may not be transmitted over some of the configured bandwidth parts. In order to avoid unnecessary signalling overhead due to individual measurement per bandwidth part, a UE may measure jointly CSI-RS in a bandwidth part and SS block in another bandwidth part which is QCL-ed with the CSI-RS in the configured bandwidth parts. Note, this allows reduced CSI-RS overhead since no CSI-RS transmission is needed when SS block is available in the bandwidth part.

Although the joint L1-RSRP reporting using QCL-ed SS block and CSI-RS in the same carrier or bandwidth part has been agreed as a UE optional support, the joint L1-RSRP reporting using QCL-ed SS block of a BWP and CSI-RS of another BWP for wider bandwidth operation should be supported as a UE mandatory feature if multiple BWPs are supported by the UE.
Proposal 4: Support joint L1-RSRP reporting using QCL-ed SS block of a BWP and CSI-RS of another BWP for wider bandwidth operation if multiple BWPs are used. 
The reuse of CSI framework for beam management has been agreed in RAN1. In the CSI framework, the CSI reporting setting includes CSI reporting parameters, time behaviour, as well as and frequency granularity. Also, the resource setting includes resource set, resources, and RS type. The L1-RSRP reporting and its associated resource index can be considered as reporting parameters which should be part of reporting setting. On the other hand, CSI-RS and SS block (SSB) for L1-RSRP measurement are resources to be measured for reporting parameters which should be part of resource setting. Based on this observation, it seems to be obvious that the SSB resource should be part of resource setting for beam management.
Proposal 5: Support configuration of SSB resources within a resource setting for beam management (Alt-1). 
It has been also discussed that whether all SSB resources should be used as resources for beam management when configured or a subset of SSB resources can be used. This seems to be related to whether a UE needs to measure all SSB always or it is allowed to measure a subset of SSBs for beam management related reporting. It seems to be beneficial to allow a UE to measure the subset of SSBs as it can reduce the measurement complexity as well as feedback overhead. Therefore, as for the beam management measurement, all or subset of SSB resources should be allowed.
Proposal 6: SSB resources can be configured with either all SSB resources or a subset of SSB resources. 
2.1.2 Beam Indication

2.1.2.1 Beam indication and switching for NR-PDCCH

It has been agreed that UE can be configured to monitor NR-PDCCH on different beam pair links in different NR-PDCCH OFDM symbols. The main purpose is to improve the NR-PDCCH robustness against blocking of a serving beam pair link.  However, in normal conditions NR-PDCCH monitoring of different beam pair links over different symbols can result in unnecessary UE processing load and battery consumption, especially when the NR-PDCCH monitoring involves blind decoding for NR-PDCCH candidates in one or multiple control search space carried in each of the monitored beam pair link.

Therefore, it can be beneficial to elaborate that the aforementioned NR-PDCCH monitoring as an extended NR-PDCCH monitoring set in which a UE attempts to decode NR-PDCCH on multiple beam pair links but not in every slot. A UE monitors the extended NR-PDCCH monitoring set upon configured (or predefined) triggering conditions including beam pair blocking or pre-configured duty cycle. 

For example, a UE can be configured with a set of beam pair links including a serving and multiple candidate beam pair links, where each beam pair link is associated with one or more OFDM symbols. The configured set of beam pair links in the extended monitoring set can be used with beam sweeping in a slot to update the serving beam pair link when current serving beam pair link is blocked or not the best beam within configured set of beam pair links as illustrated in Figure 1.
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Figure 1. Extended NR-PDCCH monitoring set and beam switching
In a normal monitoring mode, a UE attempts to decode NR-PDCCH on the serving beam pair link and performs downlink Tx beam measurements of the configured candidate beam pair links. The beam pair link measurements can be based on reference signal specific to each downlink Tx beam, for example RRC configured UE-specific CSI-RS or a DMRS associated with the NR-PDCCH of each downlink Tx beam. The beam measurement can be reported periodically or upon request.

Although the NR-PDCCH search space can be extended, the blind decoding complexity should be remained same or similar to normal NR-PDCCH monitoring set. Therefore, the number of NR-PDCCH candidate per beam may be reduced when extended NR-PDCCH monitoring set is used.

Proposal 7: Support extended NR-PDCCH monitoring set in which a UE monitors NR-PDCCH on multiple beam pair links while the blind decoding complexity should be remained same.  

When the serving beam pair link quality deteriorates due to blockage, it would be helpful the UE is able to switch to another beam pair link to continue NR-PDCCH monitoring and sustain the radio link when a candidate beam pair link is still usable. In this case, a UE can transmit a beam switching request upon a set of triggering events. The triggering events can be the serving downlink Tx beam quality becoming below a pre-configured threshold, a candidate downlink Tx beam quality exceeding a threshold, or quality difference between the serving and candidate downlink Tx beams is larger than a threshold. Also, the gNB in this case may experience excessive DTX in the uplink due to missing NR-PDCCH at a UE side and send a switching command to indicate a switch to another downlink Tx beam based on the previous beam pair link measurement.  

Nonetheless, when the serving beam pair link rapidly degrades, the UE may not receive the switching command in time. In order to allow the UE to receive the switching command in time, the UE can start monitoring the extended monitoring set when the beam switching events are triggered so the gNB can transmit the command in NR-PDCCH of all configured beam pair links. The serving beam switching will also lend itself to UE mobility handling. As indicated in Figure 1, when the UE moves between downlink Tx beam coverage, it can switch the serving beam pair link with the help of the extended monitoring set.

Proposal 8: Support a beam switching procedure in which a UE receives a beam switching command when the UE monitors the extended NR-PDCCH monitoring set. 

2.1.2.2 Beam indication for NR-PDSCH

It has been agreed that a UE receives a NR-PDSCH scheduling information from its associated NR-PDCCH, in which beam related information for the NR-PDSCH reception also can be indicated as a QCL parameter. If multiple beam-pair links are used for a NR-PDSCH reception for better beam control flexibility as well as higher beam resolution, a dynamic indication of beam-pair link for associated NR-PDSCH transmission can be used. However, in some cases, a same beam pair link for both NR-PDCCH and NR-PDSCH can be used for the sake of simplicity and/or if a UE is in a good coverage in a cell.
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Figure 2. Options of beam association between NR-PDCCH and NR-PDSCH

Three options for beam indication and its association between NR-PDCCH and NR-PDSCH are depicted in Figure 2 and each option may require a different control and data timing relationship due to analogue beamforming characteristics. LTE applies digital beamforming at the receiver so the UE receives signals from all spatial paths using an omni-directional beam and applies the spatial filtering (baseband precoder) at the baseband level. As a result, the LTE UE can buffer PDSCH symbols using the same beam while decoding the PDCCH symbols received in the first symbols of the sub-frame. With analogue beamforming, the NR UE applies spatial filtering at RF level and receives only spatial paths covered in the formed Rx beam. Therefore, the NR UE will not know which DL Rx beam to use for the NR-PDSCH buffering until the NR-PDCCH decoding is completed.   

In the case of (a) in the Figure 2, the NR-PDCCH and associated NR-PDSCH are in the same beam pair link and time-multiplexed in the same time slot. Similar to LTE, the UE can continue to buffer the NR-PDSCH symbols while decoding the NR-PDCCH symbols. The DCI in the NR-PDCCH can carry an indicator, for example using QCL parameter, DL Tx beam identity or beam pair link index to inform the UE whether NR-PDCCH and associated NR-PDSCH are in the same beam pair link.

Proposal 9: Support NR-PDSCH transmission with a predetermined beam pair link and time-multiplexed in the same slot.  
The UE may discard the buffered data when NR-PDCCH decoding is completed and the decoded DCI indicates a different beam pair link from previously determined beam pair link (e.g., same beam pair link with NR-PDCCH) for the NR-PDSCH. When NR-PDCCH and NR-PDSCH are not carried in the same beam pair link and time-multiplexed in the same slot as shown in case (b), a gap or other fields for example uplink field can be employed before the NR-PDSCH symbols to allow the time for UE to complete the NR-PDCCH decoding and acquire the beam pair link scheduling information of the NR-PDSCH. The gap may be still used for NR-PDSCH transmission but with the same beam pair link with NR-PDCCH. Therefore, a NR-PDSCH can be transmitted with two parts where the first part is always transmitted with the same beam pair link with NR-PDCCH while the second part is transmitted with a beam indicated in the associated NR-PDCCH. The first and second parts of NR-PDSCH can be multiplexed in time.   

The gap configuration for the frame structure can cause system overhead as the symbols within the gap may not be utilized. Thus, cross slot scheduling of the NR-PDSCH can be considered for higher efficiency as shown in case (c). A scheduling offset of k slots can be used between the NR-PDCCH and associated NR-PDSCH in different beam pair links. The parameter k can be pre-defined or configured in DCI carried in NR-PDCCH together with beam pair link information.

Proposal 10: Support dynamic beam pair link indication for NR-PDSCH reception and consider a cross-slot scheduling when the indicated beam for NR-PDSCH is different from a predetermined beam information. 
It was agreed that NR supports QCL assumptions across carriers [3]. If two component carriers have similar received power distribution in the spatial domain (e.g., two frequencies are sufficiently close), beam management results (e.g., beam measurement and reporting) in one component carrier may be reused in another component carrier, which may lead to a significant overhead reduction. Since it was already agreed that a UE may be RRC configured with a list of Transmission Configuration Indication (TCI) states for the purposes of QCL indication [5], the configured TCI state table may be further extended to include a spatial QCL relationship among different component carriers. For example, whether RSs in a RS set of a TCI state may have similar beam qualities or not. By including such QCL information, part or all information of one TCL state table maintained for one component carrier may be reused for another component carrier. This will reduce the overhead of using multiple TCI state tables for multiple component carriers, and so relief the scalability issue if a UE is configured with multiple component carriers.

Proposal 11: TCI state tables should include the information of QCL assumptions across carriers.

2.2 UL Beam Management
2.2.1 UE-assisted SRS configuration for UL beam sweeping
A UE may determine its Tx beam based on the determined Rx beam from downlink beam management procedures, therefore uplink beam management procedures may not be required when perfect beam correspondence is fulfilled at both the TRP and the UE sides. When the perfect beam correspondence does not hold at either TRP or UE side, UL beam management is need.
A Tx beam determined by UE based on beam correspondence may not be always the best Tx beam from the gNB perspective due to many reasons, e.g., hardware limitation such as UE transmit and receive array patterns difference due to beam control errors, and/or asymmetric interference between uplink and downlink. In this case, perfect or full UE beam correspondence does not hold, and UL beam management may be used to find the best UL Tx beam to override the UE autonomous Tx beam determination based on full beam correspondence to handle the system performance degradation.

In the case of imperfect UE beam correspondence, full beam sweeping may be used to identify the best UL Tx beam from all or most of UE Tx beams as shown in Figure 1. Full beam sweeping may be desired when no beam correspondence holds at UE side at all. However, always using full beam sweeping may not be efficient for UL beam management since full beam sweeping requires the larger amount of SRS resources to train all UE Tx beams which also leads to high latency and high power consumption. Therefore, using full beam sweeping to find alternative beam which overrides UE determined beam doesn’t seem to be desirable.
In addition, when a UE has a partial beam correspondence (e.g., a UE knows the best subset of Tx beams based on the Rx beam determined), a local beam sweeping may be used to identify the best UL Tx beam within the best subset of beams as shown in Figure 1, which are swept around the UE autonomous UL Tx beam determined based on DL Rx beam from DL beam management such as P1 or P3. 
The local beam sweeping may require smaller amount of SRS resources to train several neighbour beams, but it may be sufficient for UL beam management procedures. 
Proposal 12: A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 
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Figure 1 Full beam sweeping and local beam sweeping 
It was agreed that UE provides information to gNB to assist UL beam management [4]. The information can be a number representing the amount of SRS resources required for UE Tx beam training. To reduce the amount of SRS resources, beam sweeping latency, and power consumption, a UE can provide assist information to a gNB to facilitate TRP SRS configuration for local or full beam sweeping. A UE may signal its beamforming capability such as the number of Tx beams to help gNB or TRP to determine the amount of SRS resources to be configured for each UE. A UE can request either local or full beam sweeping to TRP. One or more SRS resources can be used and each SRS resource may be associated with a beam. 

For example, if a UE may have a capability of N Tx beams, the UE can request N SRS resources for beam sweeping. A UE can request a preferred number of SRS resources to assist a gNB so that the gNB can decide which type of beam sweeping for UL transmission is used. For example, a UE can request zero, small or large amount of SRS resources to recommend no beam sweeping, local beam sweeping, and full beam sweeping which implicitly indicates full beam correspondence, partial beam correspondence, and no beam correspondence at UE, respectively. 

Proposal 13: Supports that a UE provides beam correspondence status and beam sweeping type based on the requested amount of SRS resources to gNB. 

TRP configures SRS resources to UE for UL beam management to identify and track UE Tx beam and TRP Rx beam for UL transmission. Different SRS resource settings can be configured for different UL beam management procedures such as U-1/U-2/U-3 by RRC signalling message. One SRS resource setting may be configured to include multiple SRS resource sets. Each SRS resource set may have one or more SRS resources to support beam sweeping. Each SRS resource can be associated with a specific beam. The flexible configuration of SRS resources includes a mapping to frequency domain such as sub-band, resource blocks, subcarriers and comb; time domain such as symbols or slot; and code domain such as sequence configuration (e.g., Zadoff Chu sequence, root, cyclic shift, etc.). For example, one resource set with N SRS resources may be configured to support either full or local beam sweeping over corresponding large or small N symbols in time domain.  In case of UE specific SRS configuration, the signalling overhead may become an issue when the number of UEs is high, and UEs being equipped with multiple beams for full beam sweeping. Therefore, SRS overhead reduction schemes are necessary. UE may be configured to perform a fast Tx beam sweeping across multiple short OFDM symbols with DFT-based Sub-Time Unit SRS. Based on the received assist information from UE(s), the TRP may configure flexible SRS resources in time, frequency and code domains for multiple UE(s) to implement either full or local beam sweeping in case of no beam correspondence or partial beam correspondence.  
Proposal 14: A flexible SRS configuration is supported for no beam correspondence and partial beam correspondence cases.
2.2.2 SRS transmission power for UL beam management

It has been agreed that NR supports beam-specific power control as baseline. In general, a power control for UL transmission is designed to adjust UE transmit power to counter path loss (PL) and channel fades to maintain the desired target performance at gNB and minimize the interference level. For aperiodic SRS transmission triggered by a single aperiodic SRS triggering field, it was agreed that the UE can be configured to transmit N(N>1) SRS resources for UL beam management. From our point of view, SRS transmission for UL beam management has different design goal from power control: multiple SRS transmissions are required for measuring UE Tx beam(s) and/or TRP Rx beam(s) in one round of beam sweeping. In order to have a fair comparison between candidate beams, the transmit power for the N SRS resources during one round of beam sweeping should be kept the same as the minimum value between the maximum transmit power that the UE can afford and a SRS beam sweeping power setting value. 
Proposal 15: The same transmission power is used for SRS transmission during one round of beam sweeping.

The SRS beam sweeping power setting value may be configured by RRC message or provided with a trigger or request to perform aperiodic SRS transmissions for beam sweeping in a DCI. However, the pre-defined and configured SRS beam sweeping power setting value may not meet the link budget requirement if its transmission power is too low, or potentially increase an interference if its transmission power is too high (e.g., maximum power). To address this issue, since NR supports beam specific power control, the SRS beam sweeping power setting value can be derived from a beam-specific power control signalling for other channels such as PUSCH. To derive proper common power control parameters for SRS based UL beam management, beam specific power control parameters may be combined into unified non-beam specific parameters, so that SRS beam sweeping power setting value could be the same during one round of beam sweeping. For example, since beam-specific PL was supported for UL power control, a single PL value may be derived by combining all beam-specific PL values of multiple BPLs within one round of SRS beam sweeping.

Proposal 16: Support SRS transmission power for UL BM is derived from beam-specific power control signaling.

NR already agreed that PL calculation for UL power control can based on DL reference signals [2]. PL measurement of DL reference signal which is transmitted in a different carrier frequency from the UL carrier frequency may cause a significant PL mismatch. Therefore, a proper PL offset/adjustment may need to be used to compensate the mismatch. For example, a group of PL offset/adjustment values and its associated thresholds can be used. Based on DL/UL carrier frequency difference of UE and its associated thresholds, an appropriate PL offset/adjustment can be selected and used to compensate the mismatch between DL and UL PLs for SRS beam sweeping power setting. 
Proposal 17: Support PL offset/adjustment to compensate the mismatch between DL and UL PL for SRS beam sweeping power setting.
3 Conclusions

In this contribution, we discuss on the open issues for DL beam management including beam measurement, reporting and indication and for UL beam management including UE-assisted SRS configuration and SRS transmission power for UL beam sweeping. Based on the discussion, we have the following proposals:

Proposal 1: Support differential RSRP feedback of multiple beam reporting with multiple resolutions.

Proposal 2: A unified DL beam management framework is supported for flexible beam measurement and reporting on SS-block and CSI-RS.
Proposal 3: Support a unified beam reporting format for flexible beam measurement and reporting. 

Proposal 4: Support joint L1-RSRP reporting using QCL-ed SS block of a BWP and CSI-RS of another BWP for wider bandwidth operation if multiple BWPs are used. 

Proposal 5: Support configuration of SSB resources within a resource setting for beam management (Alt-1). 
Proposal 6: SSB resources can be configured with either all SSB resources or a subset of SSB resources. 
Proposal 7: Support extended NR-PDCCH monitoring set in which a UE monitors NR-PDCCH on multiple beam pair links while the blind decoding complexity should be remained same.  

Proposal 8: Support a beam switching procedure in which a UE receives a beam switching command when the UE monitors the extended NR-PDCCH monitoring set. 

Proposal 9: Support NR-PDSCH transmission with a predetermined beam pair link and time-multiplexed in the same slot.  
Proposal 10: Support dynamic beam pair link indication for NR-PDSCH reception and consider a cross-slot scheduling when the indicated beam for NR-PDSCH is different from a predetermined beam information. 

Proposal 11: TCI state tables should include the information of QCL assumptions across carriers. 

Proposal 12: A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 

Proposal 13: Supports that a UE provides beam correspondence status and beam sweeping type based on the requested amount of SRS resources to gNB. 

Proposal 14: A flexible SRS configuration is supported for no beam correspondence and partial beam correspondence cases.

Proposal 15: The same transmission power is used for SRS transmission during one round of beam sweeping.

Proposal 16: Support SRS transmission power for UL BM is derived from beam-specific power control signaling.

Proposal 17: Support PL offset/adjustment to compensate the mismatch between DL and UL PL for SRS beam sweeping power setting.
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