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1. Introduction
In the 3GPP RAN1 #90 meeting, beam measurement and beam reporting were discussed and the following agreements were achieved [4]:
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
In the 3GPP RAN1 #88bis~#90 meetings, beam related indication was discussed and the following agreements were achieved [1-4]:
Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default

· Note: default assumption may be no QCL

· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling

· Note that MAC-CE is not always needed

· FFS: necessity of DCI signalling

· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters
Agreements:

· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving

· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
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
Agreements:

· After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise

· Note: The above QCL assumption may or may not be used for MSG2 and MSG4 – for discussion in initial access session

· FFS: Details

· FFS: Whether or not the default QCL assumption is contained in a default indicator state if supported

· Note: This does not necessarily mean that the PDCCH beam indication is through DCI

· In RRC CONNECTED mode, 

· RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)

· FFS: necessity of DCI signalling

· FFS: Use of Aperiodic CSI-RS 

· FFS: RAN1 to study impact of delay (including determination of Rx beam) and reliability on the beam mgmt scenarios aiming to provide input to RAN2 with regard to higher layer protocols
In the 3GPP RAN1 #90 meeting, uplink beam management was discussed and the following agreements were achieved [4]:
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 beam measurement, beam reporting and beam indication are discussed. This contribution is revised from R1-1712836, R1-1712837 and R1-1712838.
2. Discussion
2.1. Beam reporting

2.1.1. Beam reporting based on L1-RSRP measurement
In RAN1 #90 meeting it was agreed to configure group based beam reporting and non-group based beam reporting by gNB. L1-RSRP reporting can be obtained by SS block or CSI-RS measurement. 

For the group based beam reporting, the following information is included: 

· N different Tx beams that can be received simultaneously.

For the non-group based beam reporting, the following information is included:

· N ( =[1,2,4,8]) best Tx beams;
· L1-RSRP information of the N best Tx beams considering the proper L1-RSRP range and step-size.

If SS block and CSI-RS are configured for beam management, the independent L1-RSRP reporting is supported. Optionally, when SS block and CSI-RS are spatial QCL-ed, UE can report the joint L1-RSRP. Here independent L1 RSRP reporting and joint L1-RSRP may include different design. For example, joint calculation of L1-RSRP based on QCL-ed SS block and CSI-RS on per beam basis, joint selection of L1-RSRP calculated from SS block or from CSI-RS on per beam basis, two independent reporting for SS block and CSI-RS, independent calculation on per beam basis and jointly encoded into one reporting. So the further analysis and evaluation are needed on the performance of different options. 
For group based beam reporting, N value is configured by gNB for multiple Tx beams reception simultaneously. In the agreements it is not clear how to select the N Tx beams for beam reporting. For the purpose of multiple Tx beams monitoring, the N Tx beams with the best L1-RSRP values are reported. But in order to maximize the capacity through spatial multiplexing or obtain the robustness through transmit diversity, both L1-RSRP and spatial correlation need to be considered. The UE measures SS block and/or CSI-RS by gNB configuration and determines the N Tx beams selection criteria, e.g. multiple beam monitoring or low spatial correlation. Then the selection criteria need to be reported to the gNB. For high capacity or robustness transmission, the spatial correlation information also needs to be signalled to the gNB. Or the gNB can indicate the beam reporting purpose for the beam selection.
Proposal 1: 

· For joint L1-RSRP using QCL-ed SS-block + CSI-RS, down-select from the following:
· Joint calculation of L1-RSRP based on QCL-ed SS-block + CSI-RS on per beam basis;
· Joint selection of L1-RSRP calculated from SS-block or from CSI-RS  on per beam basis;
· Two independent reports for SS-block and CSI-RS;
· Independent calculation on per beam basis and jointly encoded into one report;

· For group based report, it should be further determined on the N Tx beams selection criteria, e.g. for the purpose of spatial multiplexing or transmit diversity or monitoring.
· FFS configurability of the criteria.
2.1.2. Overhead reduction and power saving
For overhead reduction and power saving, there are typically several ways to consider

· Selecting N best DL Tx beams in terms of L1-RSRP. Only report reference DL Tx beam L1-RSRP and L1-RSRP offset values corresponding to other DL Tx beams. 
· Configure different types of report with different duty cycle. For example, two types of report could be defined: partial report and full report. Partial report only contains beam information. Full report also contains L1-RSRP information for each beam. Partial report could be configured with smaller duty cycle and full report could be configured with larger duty cycle. Aperiodic report could also be leveraged to trigger different types for different channel conditions.
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Figure 1: DL Tx beam(s) and L1-RSRP are reported at the same time instant, but L1-RSRP can be dynamically triggered on or off
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Figure 2: DL Tx beam(s) and L1-RSRP are reported separately, with long-term L1-RSRP reporting and short-term DL Tx beam(s) reporting

· UE event based triggering could also be considered. The time domain behavior in reporting setting can be aperiodic, periodic and semi-persistent. The reporting information may include multiple Tx beams and their L1-RSRP, so the reporting overhead is very large, especially for periodic reporting. The UE event can be predefined or configured for further overhead reduction. For example, the periodic beam reporting is not required repeatedly when L1-RSRP of the measured BPLs does not exceed the configured threshold. 

Proposal 2: 

· Consider the following ways for beam report overhead reduction 
· Define types of report with different time domain behavior and different content.
· UE event based report.
2.1.3. Reporting collision
The reporting setting at least includes: information indicating selected beam(s), L1 measurement reporting, time domain behavior, frequency granularity and so on. Beam reporting can be fed back on UL resource configured by gNB. In case of collision between beam reporting and CSI reporting, the predefined or configured reporting priority and dropping rule are needed. Generally, we think the beam reporting has long duty cycle and the information is more important for BPL establishment. So when two reports need to be transmitted at the same time instance, the UE should transmit beam reporting and discard CSI reporting. Or if there is any redundant UL resource after containing the beam reporting, some other information of CSI reporting can be assembled together with beam reporting, e.g. RI. Furthermore, when reporting settings based on SS block and CSI-RS are configured, the frequent L1-RSRP reporting may be needed from given UE. So the combination reporting can be considered to reduce the number of reporting transmission. Therefore, we need to study the method of combination reporting based on SS block and CSI-RS. 
Proposal 3:
· In case of collision between beam reporting and CSI reporting, the UE should transmit beam reporting prior to CSI reporting.
2.1.4. L1-RSRP calculation 
If a beam reporting setting is associated to an aging resource setting (CSI-RS or SS block) configured by gNB, the measurement result is less available for beam management reference. Consequently, the L1-RSRP calculation should take these issues into account, which can avoid the UE to provide the invalid reporting.
There are two options should be defined for beam reporting setting:
· Option1: The nearest N resource setting from beam reporting time. 
The nearest N resource setting from the beam reporting can be used for current reporting.

· Option2: effective time window. 

An effective time window before the beam reporting can be defined to use for this reporting. 
Proposal 4:
· The effective time window for L1-RSRP calculation should be explicitly specified or configured under beam management framework.
2.1.5. UE triggered aperiodic beam reporting
In NR system especially above 6GHz, the case can occur that the user holds the terminal resulting in the UE antenna panel is blocked. At this time all beams on this panel are blocked. If the resources for periodic beam reporting are used to notify the gNB for BPL re-establishment, the data transmission may be interrupted and the user experience may get worse due to the notification is too late. 

So the UE triggered aperiodic beam reporting can be considered. The UL resources, e.g. the resources for periodic beam reporting, are used to notify the blockage event whenever this event is detected by UE. The beams on the other UE panel can be recommended to BPL re-establishment.
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Figure 3: The UE panel is blocked.
Proposal 5:
· Consider UE triggered aperiodic beam reporting in NR.
2.2. Beam indication

2.2.1. Beam indication overhead reduction
Based on beam measurement and beam reporting, the gNB can select the best Tx beam(s) and indicate them through DCI, MAC-CE or RRC signalling. Depending on beam indication information the UE selects Rx beam for NR-PDCCH/NR-PDSCH/RS reception. For uplink transmission the gNB can also indicate the UL Tx beam(s) to the given UE, e.g. through SRI or DL and UL RS association.

The beam(s) is activated by RRC or MAC CE and dynamically indicated by gNB. In the agreements RRC only or RRC+MAC CE signalling is used to indicate QCL relation between DMRS port(s) of UE-specific PDCCH and either SS block or P/SP CSI-RS resource(s). RRC signalling can be used for NR-PDCCH monitoring configuration. From the point of view of latency and error probability, MAC CE is a good option for maintaining, updating and indicating spatial QCL between DL RS (SS block, CSI-RS) configured by gNB for beam training and NR-PDCCH DMRS port(s). The beam(s) for NR-PDCCH transmission does not require frequent switching due to multiple BPL or wider beam can be used, and the beam indication for NR-PDCCH can increase the DCI overhead, so DCI signalling is not supported for UE-specific NR-PDCCH beam indication dynamically. 

Proposal 6: 

· NR should support RRC+MAC CE for UE-specific NR-PDCCH beam indication. DCI signaling is not supported.
The overhead of beam indication information will increase with the number of configured/activated beams. Last meeting, it has already been agreed to support the N-bit indicator in DCI to associate with DL RS index. But the corresponding signaling is still FFS. 

· FFS: Signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state, e.g., 

· The association is explicitly signaled to the UE

· The association is implicitly determined by the UE

· Combination of the above is not precluded

Implicit signalling could be leveraged to reduce overhead. Multiple mapping/association tables could be configured to UE initially. Then switching between different tables could be conducted implicitly. Beams could first be grouped into several sets. Indicator state is one to one mapped for each set.  There are many ways to group beams, for example:

· Beams could be grouped based on the received NR-PDCCH symbol. Multi-beam NR-PDCCH design has already been supported. The network may choose different beams from different TRPs. Then for NR-PDCCH from different TRP, it seems a natural choice for the two NR-PDCCHs would indicate two different sets of beams. For example, beam indication in DCI detected in symbol 1 may refer to the set of beams from TRP1, while beam indication in DCI detected in symbol 2 may refer to the set of beams from TPR2. Such grouping would reduce the possible number of beams within the set.

· Beams could be grouped according to indicated ranks. For multi-panel transmission and reception, multi-panel simultaneous operations are always possible. For different ranks, the corresponding beams might be different. For example, if indicated rank is 1, then within the set, the elements are single beam. If indicated with rank 2, then the corresponding set would need to include those two beam combination as its element. 
· Beams could also be grouped according to the possibility of switching to each other. The beam indication sets are configured by gNB and the same beam is included in different sets here we call it common beam. For example, the primary set (serving beam set) is used to beam indication through DCI and the common beam is selected for NR-PDCCH/NR-PDSCH/RS transmission. If the common beam is used and the beams in primary set are blocked, e.g. the panel associated with primary set is held by hand, then the serving beam set is switched from primary set to other secondary set which includes the common beam. So the new selected secondary set can be called primary. To prevent error propagation of beam indication, the beam set switching can be done after the ACK/NACK is received and activated. The method of beam set grouping and switching can reduce the overhead of beam indication signalling. Take the following Figure 4&5 as an example, beam {1, 2, 3, 7} are grouped into the first set. Beams {7, 8, 9, 1} are grouped into the second set. Suppose the current working set is the first set. Then when there is blockage, UE is indicated beam 7. If such beam indication happens, then UE could automatically switch the working set. The number of needed bits could be saved from 3 bits to 2 bits.
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Figure 4: the UE panels and beams
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Figure 5: beam set grouping and switching
Proposal 7: 

· In order to reduce the beam indication overhead reduction, consider the following ways
· Beams are grouped into different sets.
· Beam set are implicitly indicated by other signalling, like RI, NR-PDCCH detection symbol, etc.
2.2.2. Beam indication timing 
The beam related indication information can be dynamically signalled and adjusted by gNB. For high-frequency NR system the analog beamforming is controlled by beam indication. When the beam indication is located in NR-PDCCH, it is necessary for the UE to receive NR-PDCCH and obtain the beam indication information before selecting the analog beamformer to receive NR-PDSCH in accordance with the corresponding beam direction. If the interval between NR-PDCCH and scheduled NR-PDSCH is small, there is high requirement for UE processing time to decode NR-PDCCH and selecting analog beamformer especially for self-contained slot and mini-slot.

The beam indication can be signalled by MAC CE in advance to relax the UE processing time. The current serving beam is dynamically indicated by DCI to reduce the data transmission delay. Before the DCI is decoded, the UE will receive the NR-PDSCH according to the above rule which can save the resource when the serving beam is not changed. From the following Figure 6 the multiple beams are activated by MAC CE in slot N+1. One beam is used from slot N+3 to slot N+6. In the symbol 0 of slot N+7 the DCI carried new beam indication is received and decoded in symbol 2. So NR-PDSCH is not scheduled in symbol 1 of slot N+7 until the DCI is decoded in symbol 2. The UE receives NR-PDSCH correctly from symbol 2 to 10 and feeds back ACK in symbol 13 to gNB. Then the new beam indication is activated from slot N+8.
Based on above discussion:

· For normal slot, it is always possible to schedule the UE before the actual transmission with DCI;
· Beam indication may not be transmitted every time. It could be only transmitted when changed. The transmitted beam indication only takes effect after the corresponding ACK is confirmed. 

· For self-contained slot, DCI and the corresponding NR-PDSCH are within the same slot. Based on the fact that NR-PDSCH beam would not change as dynamic as other DCI information, self-contained slot could just follow the previous effective beam indication. The DCI could still change the current beam indication to another one. There are the following possible issues:

· For DMRS, currently for slot based scheduling, the positions are fixed in the 3rd or 4th. If beam is changed, then non-slot based scheduling would be triggered.

· Before UE decodes DCI, it could still follow previous beam indication for data buffer. If beam is changed in the DCI, then the buffered data need to be abandoned.

· The gap between control and data should be reported to the network by the UE.
· For non-slot based scheduling, UE could also follow the currently effective NR-PDSCH Rx beam. Beam could still be changed with DCI. The corresponding NR-PDSCH could start right after the control if beam is not changed. 

· The gap between control and data should be reported to the network by the UE.
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Figure 6: beam indication timing
Proposal 8: 

· DCI based beam indication could be effective not only for the currently scheduled transmission, but also for the following slot based, non-slot based and self-contained slot based transmission, unless new indication is notified. 

· The beam indication is effective after the corresponding ACK is confirmed.
Proposal 9:
· UE should report NR-PDCCH processing capability to the network, i.e. within how many symbols/slots DCI could be decoded. 

· The corresponding transmission could only start after UE decode the DCI.
2.3. UL beam management

In RRC CONNECTED mode the UL beam management can be controlled and configured by gNB when the uplink data is to be transmitted. So the UL beam management is needed especially when there is not beam correspondence at UE side. SRS can be used for UL beam management procedures (U-1/U-2/U-3) and the aperiodic SRS configuration is baseline. 
According to the UE capability or assistant information about analog beam, e.g. the number of UE panels and supported number of UE Tx beams, the SRS resource setting is configured by gNB. The UE beam sweeping behavior, i.e. swept Tx beams or same Tx beam, is needed to be notified the UE to support U-2 or U-3. For multi-panel UE, the parallel beam training and multiple SRI signaling are also considered in UL beam management configuration.
2.3.1. Signalling design for UL beam management
It was agreed that the UE can be configured to transmit N (N>1) SRS resources for aperiodic UL beam training through aperiodic SRS triggering field.  Similarly with DL beam management procedures, the U-1 procedure can be used to select the coarse beam(s). And if the gNB needs the UL beam refinement, the U-2 or U-3 procedure will be configured by gNB through SRI. But there may be confusion about which UL beam management procedure using the SRS resources by SRI indication is configured, i.e.  UL Tx beam sweeping for UL Tx beam training or UL Tx beam transmission repeatedly for UL Rx beam training. 

So the explicit/implicit indicator for information related to SRS resource transmission type can be included in SRI signaling, i.e. the gNB configures SRS resources and UL Tx beam sweeping or beam repetition. Here the information related to SRS resource configured by RRC or MAC CE, and this information related to SRS resource transmission type can be indicated together with the information related to SRS resource, or indicated dynamically by DCI only when the UL beam management procedure is triggered. Or the SRS resources are grouped for different purpose, e.g. different SRS resource set. One group is used for UL Tx beam sweeping and another group for UL Tx beam repetition. 

Proposal 10: 

· To resolve the issue of SRI indication ambiguity, NR should support explicit/implicit indication about UE beam sweeping behavior: sweeping with finer beams or repetition with the exact beam SRI indicates.
· Explicit indication could be DCI bit transmitted together with SRI.
· Implicit indication could be based on SRS resource definition with specific behaviour
2.3.2. SRS configuration
In HF, UL beam management is of great importance when UL and DL beam correspondence is not holding. For SRS for beam managment, to reduce the overhead of signalling, hierarchical configuraton can be considered. One or more SRS group which could be simultaneous transmitted can be configured firstly, then one or more SRS resources within each SRS group can be configured subsequently. Additionally, from the perspective of UE, to support UL beam management U-1/U-2/U-3 procedures, beam repetition or swept transmission behavior also should be configured by network to reduce higher layers signaling overhead.

It was agreed that multiple SRS resources can be transmitted simultanously. However, for SRS for CSI acquisition, it is not clear how to implement that scheme. Similar to beam reporting principle, SRS group indication can be introduced. SRS resources within a SRS group can be transmitted simultanously, while different SRS groups may not be transmitted simultaneously.
When UL/DL beam correspondence is not holding, UL beam management is of great importance. From the point of view of gNB, during a period of an UL beam management procedure, same transmission power should be ensured to evaluate the best beam for UL transmission, while different transmission power can be configured for different UL beam management procedure. At least same open loop parameters can be configured for a SRS group for an UL beam management procedure. However, to reduce complexity at both gNB and UE side, also considering the timely TPC, it is not recommended to use beam specific close loop power control parameters configuration. 
Proposal 11:
· SRS grouping should be supported in NR

· For SRS for beam management, beam repetition or swept transmission within a SRS group can be configured.
· For SRS for CSI acquisition, SRS resources within a SRS group can be transmitted simultaneously, while different SRS groups cannot be transmitted simultaneously.
3. Conclusion

In this contribution, beam measurement, beam reporting and beam indication are discussed, and the following proposals are given:
Proposal 1: 

· For joint L1-RSRP using QCL-ed SS-block + CSI-RS, down-select from the following:
· Joint calculation of L1-RSRP based on QCL-ed SS-block + CSI-RS on per beam basis;

· Joint selection of L1-RSRP calculated from SS-block or from CSI-RS  on per beam basis;

· Two independent reports for SS-block and CSI-RS;

· Independent calculation on per beam basis and jointly encoded into one report;

· For group based report, it should be further determined on the N Tx beams selection criteria, e.g. for the purpose of spatial multiplexing or transmit diversity or monitoring.
· FFS configurability of the criteria.
Proposal 2: 

· Consider the following ways for beam report overhead reduction 
· Define types of report with different time domain behavior and different content.
· UE event based report.
Proposal 3:
· In case of collision between beam reporting and CSI reporting, the UE should transmit beam reporting prior to CSI reporting.

Proposal 4:
· The effective time window for L1-RSRP calculation should be explicitly specified or configured under beam management framework.
Proposal 5:
· Consider UE triggered aperiodic beam reporting in NR.
Proposal 6: 

· NR should support RRC+MAC CE for UE-specific NR-PDCCH beam indication. DCI signaling is not supported.
Proposal 7: 

· In order to reduce the beam indication overhead reduction, consider the following ways
· Beams are grouped into different sets.
· Beam set are implicitly indicated by other signalling, like RI, NR-PDCCH detection symbol, etc.
Proposal 8: 

· DCI based beam indication could be effective not only for the currently scheduled transmission, but also for the following slot based, non-slot based and self-contained slot based transmission, unless new indication is notified. 

· The beam indication is effective after the corresponding ACK is confirmed.
Proposal 9:
· UE should report NR-PDCCH processing capability to the network, i.e. within how many symbols/slots DCI could be decoded. 

· The corresponding transmission could only start after UE decode the DCI.
Proposal 10: 

· To resolve the issue of SRI indication ambiguity, NR should support explicit/implicit indication about UE beam sweeping behavior: sweeping with finer beams or repetition with the exact beam SRI indicates.
· Explicit indication could be DCI bit transmitted together with SRI.
· Implicit indication could be based on SRS resource definition with specific behaviour
Proposal 11:
· SRS grouping should be supported in NR

· For SRS for beam management, beam repetition or swept transmission within a SRS group can be configured.
· For SRS for CSI acquisition, SRS resources within a SRS group can be transmitted simultaneously, while different SRS groups cannot be transmitted simultaneously.
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