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1. Introduction
In the 3GPP RAN1 #90bis meeting, beam measurement and beam reporting were discussed and the following agreements were achieved [2]:
Agreement:

NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:

· Single resource set with repetition = “OFF”

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

· Single resource set with repetition = “ON”

· UE does not report CRI

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

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

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

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

· (b) Multiple equal-size resource sets, all with repetition = “OFF” 
· UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets

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

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

Agreement:
· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 3,4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
· FFS stepping size of differential quantization 
In the 3GPP RAN1 NR#3~#90bis meetings, beam indication was discussed and the following agreements were achieved [1,2]:
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:

Support at least the explicit approach for the update of spatial QCL reference in a TCI state.

· FFS: Additional support for implicit update.

· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach

· Note: In the implicit approach, when a set of aperiodic CSI-RS resources are triggered, the triggering DCI includes a TCI state index which provides spatial QCL reference for the triggered set of CSI-RS resources. Following the measurement, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated based on the preferred CSI-RS determined by the UE. Other operations of implicit approaches are not precluded.

Agreement:

For the case when at least spatial QCL is configured/indicated, support higher-layer UE-specific configuration of whether or not TCI field is present in DL-related DCI
· Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI
· For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication where no spatial QCL parameters are higher layer configured
· Present: Details on Slide 7.
· Proposed candidate solutions should consider
· Below and above 6GHz DL beam related operation with and without beam indication  
· Downlink beam management with and without beam indication (ref Annex)
· Note: this proposal does not apply to the case of beam management without beam-related indication 
Agreement:

· For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:
· The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.
· If the scheduling offset < threshold K: PDSCH uses a pre-configured/pre-defined/rule-based spatial assumption (details: FFS)
· FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.
· FFS: How to update pre-configured/pre-defined spatial assumption (if applicable)
· Threshold K can be based on UE capability only if multiple candidate values of K are supported. 
· If the scheduling offset >= threshold K: PDSCH uses the beam (spatial QCL parameter) indicated by the N-bit TCI field in the assignment DCI.
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref: Annex)
In the 3GPP RAN1 #90bis meeting, uplink beam management was discussed and the following agreements were achieved [2]:
Agreements:
· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings
· configuring one SRS resource spanning multiple symbols 
· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.
· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way , or (2) via gNB indication.
· NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.
· After receiving the SRS, NR supports gNB to update the SRS resource within the SRS resource set for beam management by RRC.
Agreement:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.
	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS

FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC



	Spatial
	SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS

FFS:AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE



	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS
Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


 FFS: The use of spatial relation across CCs and/or BWPs.

In this contribution beam measurement, beam reporting and beam indication are discussed. This contribution is revised from R1-1717472.
2. Discussion
2.1. Beam measurement and reporting

2.1.1. Non-grouping based beam reporting
It was agreed to configure group based beam reporting and non-group based beam reporting by gNB. When multiple beams are reported in one reporting instance the differential L1-RSRP is reported. The reference is the largest L1-RSRP with range from -140dBm to -44dBm and 1dB stepping size.

If there are multiple best beams which measurement results (L1-RSRP) are larger than -44dBm, the different differential quantization method may be considered. Alt1) all results of the best beams with L1-RSRP>-44dBm are quantified as -44dBm; alt2) only quantify the largest L1-RSRP as -44dBm, and first calculate the L1-RSRP difference of other beams with largest L1-RSRP and then determine differential quantization. The purpose of beam management is to find the best analog beams for further CSI measurement and data transmission. For alt1 gNB cannot get the best beam, but for alt2 the reported multiple differential L1-RSRPs are relative values. 
Proposal 1: 

· Clarity the differential quantization method for the case that multiple L1-RSRP values are larger than -44dBm, e.g. only quantify the largest L1-RSRP as -44dBm.
2.1.2. CSI-RS configuration for beam management
For P2 and P3 procedures the single resource set formed from multiple beam management CSI-RS resources with IE “repetition” is enough. The RS resources can be configured for P2 and P3 with different resource set. CRI is reported to gNB for P2 procedure.
When the single resource set is configured for periodic beam management procedure (P1), the number of CSI-RS resources should be equal to the number of Tx beams to be trained, or less CSI-RS resources are used for P1 procedure based on repetitively transmission. In order to represent the best Tx beam(s), the former requires a lot of CSI-RS resources overhead, and the latter requires CRI and time information feedback to represent the best Tx beam(s). However, SSB can be used for P1 procedure and assist beam refinement by using CSI-RS.
When the multiple resource sets with repetition “ON” are configured for P1 procedure, then each set corresponds to one Tx beam and the number of resource sets is equal to the number of Rx beams. UE reports CSI-RS resource set indicator to gNB. When the multiple resource sets with repetition “OFF” are configured for P1 procedure, then each set corresponds to one Rx beam and the number of resources in a set is equal to the number of Tx beams. UE reports distinct local CSI-RS resource indicator within one or more resource sets. For the two alternatives of multiple resource sets configuration, maybe gNB needs to know the number of Rx beams per UE, and it is hard to design common CSI-RS resources for UE group.
Proposal 2: 

· For beam management procedures the single resource set for SSB/CSI-RS is enough, the multiple resource sets configuration is not considered at least in Rel-15.
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 periodic 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. Also we think the aperiodic reporting triggered by gNB is more important than periodic reporting because the information of aperiodic reporting is urgently needed by gNB. Furthermore, when reporting settings based on SSB 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. 

Proposal 3:
· When the different reports are collided, the following rules are supported

· For aperiodic reporting and periodic reporting, the UE should transmit aperiodic reporting prior to periodic reporting.

· For periodic beam reporting and periodic CSI reporting, the UE should transmit beam reporting prior to CSI reporting.

2.2. Beam indication

2.2.1. TCI state configuration and update
For purpose of QCL indication, M candidate TCI states are RRC configured for UE. When M is larger than 2N where N is the size of TCI field, MAC CE can be used to activate 2N TCI states, and DCI is used for dynamic QCL indication for PDSCH. TCI state table can be configured per CORESET and per channel/RS, e.g. for PDCCH/PDSCH/PUCCH/PUSCH/CSI-RS/SSB/SRS Tx beam indication the different TCI state tables are established and maintained at gNB and UE. The RS type in an RS set not only includes CSI-RS and SSB for spatial QCL, but also TRS for other QCL type (e.g. frequency and time parameters). So when TCI state is used for QCL indication the RS type and QCL type can be signalled. 
Proposal 4:
· When the number of candidate TCI states is more than the number of TCI states indicated by TCI filed, MAC CE can be used to active 2N TCI states, where the candidate TCI states for DL and UL can be different. 
· 2N TCI states can be activated per CORESET and per channel/RS.

· Multiple RS types (e.g. SSB/CSI-RS/TRS) and QCL types (spatial, frequency and time parameters) can be included in RS set and indicated.
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 SSB or P/SP CSI-RS resource(s). RRC signalling can be used for 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 (SSB, CSI-RS) configured by gNB for beam training and PDCCH DMRS port(s). The beam(s) for PDCCH transmission does not require frequent switching due to multiple BPL or wider beam can be used, and the beam indication for PDCCH can increase the DCI overhead, so DCI signalling is not supported for UE-specific PDCCH beam indication dynamically. 

Proposal 5: 

· DCI signaling is not supported for UE-specific PDCCH beam indication in NR.
It was agreed to support the explicit update of spatial QCL reference in a TCI state using RRC or RRC + MAC-CE. There some cases that can use the implicit approach for TCI state update. Based on the aperiodic measurement through triggering DCI including TCI state index, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated. Besides, if TCI state configuration is per CORESET, UE can update the TCI state by detecting PDCCH on corresponding CORESET, i.e. the different beams are configured for different CCORESET. 
Proposal 6: 

· Support the implicit approach for update of spatial QCL reference in a TCI state in NR.
In the configuration of TCI state, the ID of DL RS in an RS Set can include aperiodic CSI-RS. If the implicit mechanism is adopted to update the DL RS ID to a TCI state based on aperiodic measurement by the UE, there is an unexpected case that when the UE receives DCI (including trigger and TCI) and the report of measurement results is lost, the TCI state at UE is updated according to the association of new DL RS ID with the TCI state on the DCI, while TCI state at gNB remains unchanged. This case will lead to the misalignment between gNB Tx beam and UE Rx beam according to the QCL indication. So it may be necessary to design or specify a mechanism to ensure the TCI state correspondence at gNB and UE, e.g. the time information about the signalling of TCI state update is included in the UE reporting.

Proposal 7:
· Consider mechanisms to ensure the TCI state alignment between gNB and UE in NR.
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 no 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 beamforming, e.g. the number of UE panels and supported number of UE Tx beams, the SRS resource setting is configured by gNB. UE behavior for UL beam management, i.e. Tx beam sweeping or Tx beam repetition, is needed to be notified to the UE to support U-2 or U-3. 
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.  Similar to 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 procedures 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 whether the beam repetition is ON or OFF. Here the SRS resource indication can be configured by RRC or MAC CE, and SRS transmission type indication can be signaled together with the SRS resource indication, or signaled dynamically by DCI only when the UL beam management procedure is triggered. Or the SRS resources are grouped for different purposes, e.g. different SRS resource sets. One group is used for UL Tx beam sweeping and another group for UL Tx beam repetition.
Proposal 8: 

· 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 indicated by SRI.
· Explicit indication could be transmitted together with SRI in DCI.
· Implicit indication could be based on SRS resource definition with specific behaviour
Another aspect related to SRS indication is the spatial relations between the target SRS and the reference RSs, which can be one of the SSBs, one of the CSI-RSs, one of the UL SRSs, etc. The spatial relations can be indicated to UE explicitly via RRC, RRC+MAC CE, or implicitly specified that the most recent RS used for UL beam management in the candidate reference RS pool should be used as the reference RS to follow the up-to-date beam management result. Therefore, all the reference RS candidates listed for FFS can be considered. When AP-CSI-RS is indicated as the reference RS for AP-SRS, joint triggering the AP-CSI-RS transmission and the AP-SRS transmission can be supported. The time interval between the AP-CSI-RS transmission and AP-SRS shall also be informed to the UE via RRC, MAC CE or DCI. In order to guarantee the reliability of P-SRS or SP-SRS, joint use of AP-CSI-RS and one of the periodic or semi-persistent RSs as the reference RSs should be considered because AP-CSI-RS alone may be lost.  

Proposal 9: 

· For the spatial relations indication

· Support explicit indication of one of the candidate reference RS and/or implicitly indication that the most recent RS used for UL beam management in the candidate reference RS pool is used as the reference RS.
· AP-CSI-RS, SP-SRS can be the reference RS for P-SRS, AP-SRS and AP-CSI-RS can be the reference RS for SP-SRS, AP-CSI-RS can be the reference RS for AP-SRS.

· Support joint triggering the AP-CSI-RS transmission and the AP-SRS when AP-CSI-RS is indicated as the reference RS for AP-SRS.

· For P-SRS or SP-SRS as the target SRS, joint use of AP-CSI-RS and one of the periodic or semi-persistent RSs as the reference RSs should be considered. 
2.3.2. SRS configuration
Based on the UE capability report, the network configures the UE to transmit the SRS resources. In our understanding, the resource set for UL beam management and UL CSI acquisition should be explicitly differentiated from each other. They are at least different from the following aspects:

· The SRS resources for UL beam management could be explicitly configured with power control parameters and some other beam sweeping behaviors; while the SRS resources for CSI acquisition does not need the beam sweeping behavior configuration and its power control is more probably tied to PUSCH;

· The SRS resources for UL beam management is associated with CSI-RS for DL beam management with number of ports smaller than 2 while the SRS resource for CSI acquisition is associated with CSI-RS for acquisition with number of ports possibly larger than 2.

Thus there are resource sets for beam management and resource sets for CSI acquisition.

Proposal 10: 

· SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

For the SRS resources configured for beam management, it is supported that only one resource in each of multiple SRS sets can be transmitted at a given time instant.

For the SRS resources configured for CSI acquisition, esp. for non-codebook based transmission, it is supported that all resources within the set could be simultaneously transmitted. Such definition has the following advantage:

· A single CSI-RS for the calculation of SRS precoding could be configured per SRS set. Thus that saves corresponding signalling overhead.

· The concept of SRS set for below 6GHz and above 6GHz could be easily unified in one framework; 

Proposal 11: 

· For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant.
· For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

· CSI-RS for the calculation of SRS precoding is configured per SRS set.  

UE should also be aware of whether to perform precoding on the configured resources. Thus it should be aware of whether the resources are configured for codebook based transmission or non-codebook based transmission. For codebook based transmission, for the current design of codebooks, it is possible to pile up all the ports within one SRS resource. While for non-codebook based transmission, it is only possible to configure one port SRS resource.

Because only one resource is configured for codebook based transmission, it should be possible to indicate beams per SRS port. Furthermore, there should be some limitations how many beam indication per resource. For example, when there is only one SRS resource, it is obvious we only need one beam for the SRS resource. Indicated number of beams could be the same as reported number of resource sets.

Proposal 12: 

· Support beam indication at port level for CSI-acquisition SRS resources with port number greater than 1. 

· Indicated number of beams is equal to number of resource sets reported by the UE.
3. Conclusion

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

· Clarity the differential quantization method for the case that multiple L1-RSRP values are larger than -44dBm, e.g. only quantify the largest L1-RSRP as -44dBm.
Proposal 2: 

· For beam management procedures the single resource set for SSB/CSI-RS is enough, the multiple resource sets configuration is not considered at least in Rel-15.
Proposal 3:
· When the different reports are collided, the following rules are supported

· For aperiodic reporting and periodic reporting, the UE should transmit aperiodic reporting prior to periodic reporting.

· For periodic beam reporting and periodic CSI reporting, the UE should transmit beam reporting prior to CSI reporting.

Proposal 4:
· When the number of candidate TCI states is more than the number of TCI states indicated by TCI filed, MAC CE can be used to active 2N TCI states, where the candidate TCI states for DL and UL can be different. 

· 2N TCI states can be activated per CORESET and per channel/RS.

· Multiple RS types (e.g. SSB/CSI-RS/TRS) and QCL types (spatial, frequency and time parameters) can be included in RS set and indicated.
Proposal 5: 

· DCI signaling is not supported for UE-specific PDCCH beam indication in NR.
Proposal 6: 

· Support the implicit approach for update of spatial QCL reference in a TCI state in NR.
Proposal 7:
· Consider mechanisms to ensure the TCI state alignment between gNB and UE in NR.
Proposal 8: 

· 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 indicated by SRI.
· Explicit indication could be transmitted together with SRI in DCI.
· Implicit indication could be based on SRS resource definition with specific behaviour
Proposal 9: 

· For the spatial relations indication

· Support explicit indication of one of the candidate reference RS and/or implicitly indication that the most recent RS used for UL beam management in the candidate reference RS pool is used as the reference RS.
· AP-CSI-RS, SP-SRS can be the reference RS for P-SRS, AP-SRS and AP-CSI-RS can be the reference RS for SP-SRS, AP-CSI-RS can be the reference RS for AP-SRS.

· Support joint triggering the AP-CSI-RS transmission and the AP-SRS when AP-CSI-RS is indicated as the reference RS for AP-SRS.

· For P-SRS or SP-SRS as the target SRS, joint use of AP-CSI-RS and one of the periodic or semi-persistent RSs as the reference RSs should be considered. 
Proposal 10: 

· SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

Proposal 11: 

· For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant.
· For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

· CSI-RS for the calculation of SRS precoding is configured per SRS set.  

Proposal 12: 

· Support beam indication at port level for CSI-acquisition SRS resources with port number greater than 1. 

· Indicated number of beams is equal to number of resource sets reported by the UE.
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