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1. Introduction

A good progress has been made on the beam management topics in the latest meeting [1] and the followed email discussions. In the meantime, there are still many “FFS” need to be addressed. In this paper, we provide our views on several aspects of beam management which are essential for completing Rel-15 specifications, including beam measurement, beam selection, beam reporting, beam indication and UL beam management. 
2. Beam Measurement Configuration
	Agreements: #90

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


Similarly as in UL, it is also desirable for a UE to request the amount of CSI-RS resources/sets for DL Rx beam training, for the following reasons. 

· The first motivation is to assist the configuration of beam reporting periodicity for P1 procedure. As illustrated in Figure 1 (top), with such assistance information, the beam reporting is configured after each round of exhaustive Tx/Rx beam sweeping. This can help improving the efficiency of periodic beam reporting. 
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Figure 1 Periodic beam sweeping for P1 (Top), aperiodic beam sweeping for P3 (Bottom)
· The second motivation is to assist the configuration of CSI-RS resources for aperiodic P3 procedure. As illustrated in Figure 1 (bottom), the gNB may maintain its Tx beam for DL UE Rx beam training. In this case, with such assistance information, the gNB can configure a precise amount of CSI-RS resources for UE to sweep its Rx beams. 

It should be noted that without such assistance information, the wasted DL CSI-RS transmission or UL beam reporting resources will reduce the system efficiency, which is particularly important for beam-based system. 

Proposal 1: Support UE to request the amount of CSI-RS resources/sets for DL Rx beam training.

3. Beam Selection and Reporting

3.1. Beam Selection 

	Agreements: #90bis

For non-grouping based beam reporting, support the following reports parameters:

· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4 where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)


It has been agreed that a relatively large amount of Tx beams can be measured by the UE and the reported number is however 2 or 4 maximum per one instance. How should the UE do the selection and report useful information to gNB?

RAN1 is yet to discuss beam selection criteria for beam/CSI reporting. It is critical to discuss the UE behaviour for beam selection in this meeting for both single-panel and multi-panel UEs. For a single-panel UE where one CRI should be reported along the associated RSRP, a maximum-RSRP-based beam selection could be a natural choice. For multiple-panel UEs, however, selecting the beam with maximum RSRP from each Tx/Rx antenna pair does not necessarily provide the best MIMO multiplexing link in terms of spectral efficiency, sum-rate over layers, or similar metrics. Consider the example of Figure 2 where two transmit antennas have swept multiple beams to train two receive antennas. In this example, selecting two LOS paths achieves the highest RSRP per antenna pair, but it also results in strong interference between the antenna pairs. The resulting channel is thereby rank-deficient, i.e., not suitable for rank-2 transmissions. However, by choosing alternative beams, one LOS path and another NLOS path in this example, the selected beam pairs do not provide the highest sum RSRP, but the effective channel can support rank-2 spatial multiplexing. 
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Figure 2 Left: Beam pairs selected based on a max-RSRP criterion, suitable for rank-1 transmission. Right: Beam pairs selected based on a max-sum-rate criterion, suitable for rank-2 multiplexing.

This simple example shows that highest RSRP alone may not be the best criterion for beam selection, and considerations such as the possible transmission rank and spatial multiplexing capability should also be taken into account.
Examples of criteria for joint beam and rank selection are maximizing capacity and maximizing the sum RSRP. While the former criterion can provide high spectral efficiencies in the presence of a few strong beams, especially at higher frequencies, the latter criterion may result in in a rank-deficient channel as explained above. Note that this issue becomes increasingly significant at higher frequencies and/or systems with higher number of antenna elements per panel and, therefore, the simple max-RSRP criterion considered in the LTE-A system will not be sufficient for NR. Therefore, rather than the naïve max-RSRP approach, the UE needs to compute the effective MIMO channel for different combinations of beam pairs and consider a beam selection criterion such as the max-sum-rate in order to select and report the possible transmission rank for the selected combination. This is illustrated in Figure 3.
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Figure 3 Example of producing joint beam and CSI reporting
Furthermore, to reduce the complexity/overhead, such joint beam and CSI reporting can be divided into two stages where in the first stage, UE measures and computes MIMO ranks for different beam pair combinations and feeds back the selected beam pairs along with a rank indicator. Then, in the second stage, the gNB transmits CSI-RS through the selected beams for the UE to measure and report the corresponding PMI and CQI. This 2-stage scheme is illustrated in Figure 4. Another reason for putting RI into the first stage is that, generally, a new RI needs to be calculated less frequently than a new PMI/CQI and, hence, the “resource-hungry” CSI-RS transmissions in the first stage can be performed less frequently than that in the second stage.
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Figure 4 Example of producing hybrid beam/CSI reporting with two stages
Currently, the possible options considered for the content of a CSI reporting in the proposed list of RRC parameters (ver6) for NR are as follows:

	CSI & Beam Management Framework
	38.214
	ReportQuantity
	The CSI related quantities to report
	{CRI/RI/PMI/CQI, CRI/RI/i1, CRI/RI/i1/CQI, CRI/RI/CQI, CRI/RSRP, SSB index/RSRP}
	UE specific
	38.331
	Contained in ReportConfig


It is essential that RAN1 discusses and decides on UE behaviour when each of the above options for CSI reporting content is adopted. The above proposed options for report content can be associated to a beam selection criterion according to the following:

· {CRI/RI/PMI/CQI, CRI/RI/i1, CRI/RI/i1/CQI}: These options correspond to the method of Figure 3 for multi-panel UE.

· CRI/RI/CQI: This option corresponds to the method of Figure 4 for multi-panel UE.

· CRI/RSRP: This option corresponds to a max-RSRP-based criterion for single-panel UE.

Additionally, we propose at least the following options for the content of CSI reporting:

· CRI/RI: This option corresponds to stage 1 of the method of Figure 4 for multi-panel UE.

· PMI/CQI: This options corresponds to stage 2 of the method of Figure 4 for multi-panel UE.

Proposal 2: Support rank-dependent beam selection and reporting, i.e., each UE beam reporting corresponds to a certain reported rank.

· Support beam selection criteria beyond max-RSRP such as the sum-rate.

· Adopt at least the additional options of {CRI/RI, PMI/CQI} for the content of CSI reporting.

3.2. Beam Reporting

	Agreements: #90bis

· 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 


This section firstly deals with the step size for differential RSRP reporting. We first assume that the lower limit for RSRP reporting is -140dBm. If a fixed step size is used, the reporting accuracy may be limited. For example, assuming the reference RSRP is -120dBm, the valid RSRP range is then [-140,-120] dBm. If the step size is fixed as 1 dB, some values in this range cannot be represented by the 4-bit report. While in another case, if the reference RSRP is -130dBm, where the valid RSRP range is [-140,-130] dBm, some states in the 4-bit report will be wasted. 

As shown in Table 1, to maximize the reporting accuracy with 4-bit differential RSRP, the step size can be determined based on the value of reference RSRP.

                              Table 1. Step size for differential RSRP derived from reference RSRP 

	Reference RSRP range
	Step size

	-140~ -125
	1

	-124~-109
	2

	-108~-77
	4

	-76~-44
	6


Proposal 3: Support deriving the step size for differential RSRP reporting from the reference RSRP. 
If the step size is not adaptively derived from reference RSRP but is fixed/configured, there will be another issue on 4-bit differential reporting. That is, how UE can report those RSRPs which are larger than a fixed/configured lower limit (means that they should be reported) but are smaller than the lowest possible value that a 4-bit differential state plus a 7-bit absolute state can represent (means that they cannot be reported accurately by the 4-bit differential reporting). A simple illustration is given as follows.
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Figure 5 Remaining issue for differential RSRP
One solution to this problem is to reserve one out of 16 states in the 4-bit different RSRP reporting for the above-mentioned case, as shown in the next table. So that gNB can be made aware that the reported RSRP is between the configured/fixed lower limit and the lowest quantization level, and even more the configured step size is not suitable.

Table 2. 4-bit differential RSRP reporting

	Report Differential RSRP value Y
	Difference from the reference

	0000
	Abnormal state

	0001
	0* Stepsize

	0010
	-1* stepsize

	….
	…

	1110
	-14 * stepsize 

	1111
	-15 * stepsize


Proposal 4: Support reserving at least one state in 4-bit differential RSRP report for dealing with special cases. 
	Agreements: #90bis

· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH

· Support the following reporting types for beam mgmt. on the above channels

· For Periodic, support long PUCCH and short PUCCH

· Semi-persistent – support all channels

· Aperiodic – support PUSCH and short PUCCH


When beam-related reporting and CSI reporting are transmitted in one short PUCCH, e.g., aperiodic beam reporting and periodic CSI reporting, the total payload may exceed the capacity of short PUCCH. Thereby, some dropping rules should be defined. 

In terms of functionality, CSI reporting is mainly used for link adaption procedure for PDSCH. And beam reporting is mainly used for beam training procedure for PDCCH and PDSCH. UE can report at most 4 Tx beams and corresponding L1-RSRP, but likely only part of them will be used for subsequent PDCCH and PDSCH transmission. Thereby it is possible to split the beam reporting for 4 Tx beams into 2 parts, part 1 includes the best two Tx beams and corresponding L1-RSRP, and part 2 includes the remaining.

Periodic reporting is usually applied in scenarios with slow channel variation. And aperiodic reporting is usually triggered per urgent request. For CSI reporting, aperiodic CSI has a higher priority than periodic/semi-persistent CSI. To establish mutual understanding between gNB and UE, the following priority rules can be considered in three cases.

Case A): Periodic CSI reporting conflicting with aperiodic beam reporting, or aperiodic CSI reporting conflicting with periodic beam reporting, the dropping priority can be as follows:

        AP beam reporting > P CSI reporting;

       AP CSI reporting > P beam reporting
Case B): Aperiodic beam reporting conflicting with periodic beam reporting, the dropping priority can be as follows:

        AP beam reporting > P beam reporting

Case C): Periodic beam reporting conflicting with periodic CSI reporting, or aperiodic beam reporting conflicting with aperiodic CSI reporting, the dropping priority can be as follows:

Part 1 of periodic beam reporting > Periodic CSI reporting> Part 2 of periodic beam reporting
Part 1 of aperiodic beam reporting > Aperiodic CSI reporting> Part 2 of aperiodic beam reporting
And based on the above rules, the joint dropping rule for beam reporting and CSI reporting can be summarized as the following: 

Part 1 of aperiodic beam reporting > AP CSI reporting >Part 2 of aperiodic beam reporting > Part 1 of periodic beam reporting > P CSI reporting > Part 2 of periodic beam reporting
Proposal 5: Support the following dropping rules when beam reporting and/or CSI reporting conflicts on short PUCCH and the total payload exceed the maximal PUCCH payload: 

1. AP beam reporting vs P CSI reporting and/or P beam reporting vs AP CSI reporting

AP beam reporting > P CSI reporting;

AP CSI reporting > P beam reporting.
2. AP beam reporting vs P beam reporting

     AP beam reporting > P beam reporting.

3. AP/P beam reporting vs CSI reporting

Beam reporting part 1 > CSI reporting> beam reporting part 2.
	Agreements: #90bis

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)


Next, let us visit CSI-RS configuration and UE behaviour with IE “OFF” or “ON”. In particular, for the case of single resource set with repetition “OFF”, UE may report the CRI within the resource set, which can be used for P-2. Instead, if the single resource set is configured with repletion “ON”, UE do not need to report CRI, which can be used for P-3. As to P-1, for which multiple resource sets may be configured, two alternatives are left FFS.

For alternative (a), the gNB will keep the same Tx beam within the resource set. If the CSI-RS resources within the resource set is transmitted in the same slot, gNB can transmit data to other UE with the same beam as CSI-RS on different sub-carriers/PRBs. However, for alternative (b), the gNB will switch its Tx beam within one resource set, and therefore it cannot keep the same Tx beam within one slot. Since PDSCH in one slot requires the same Tx beam, FDM between data and CSI-RS will be unlikely for the case of alternative (b). Moreover, the number of CSI-RS resources within one CSI-RS resource set may be limited, e.g., the maximum number is 8 as in LTE, alternative (b) cannot be used for P-1 with more than 8 Tx beams. To sum up, alternative (a) is preferred for supporting P-1 procedure.

Proposal 6: Support the following additional configuration for beam reporting:

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

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

4. Beam Indication

Here, we discuss TCI states, UE default beam assumptions as well as cross-carrier beam indication. More detailed discussions on the timing issue of beam indication and UL beam indication can be found in our companion paper [2]. 

4.1. TCI Bit Length in DCI

	Agreements: #90bis

· Down-select to one of the following 2 options for the DCI field size for TCI in RAN1#91

· Alt-1: Fixed number of bits [2 or 3] bits

· Alt-2: A higher layer signaling parameter indicates the number of bits (2 or 3)


Note that here a non-fixed TCI bit width can be used for PDSCH beam indication, depending on a different carrier frequency, environment, etc. For example, beams in a higher frequency band may be narrower than beams in lower frequency band, the optimal number of beams used per UE may vary and a different TCI bit width can be considered. It can be realized even without an explicit higher layer signaling for the TCI bit width since UE can derive implicitly from other configured parameters during initial access or after RRC connection. For example, UE can assume 3-bit TCI if the bit width of higher layer parameter SSB-transmitted is 64, and assume a relatively shorter TCI, e.g., 2 bits, if SSB-transmitted is 4/8.

Proposal 7: Support UE to derive the bit-width of TCI in DCI from an existing higher layer parameter SSB-transmitted.
4.2. UE Default Assumptions

	Agreements: #90bis

· 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 (ref:Annex) where no spatial QCL parameters are higher layer configured
· present: 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. 


As we know, Table 3 can be established and maintained during the beam management procedure and it is agreed that this table will be explicitly signaled to UE. Let us now focus on the default assumptions on UE side beamforming, which is quite essential for cases without any explicit beam indication. 
Table 3 Mapping between TCI, DL RS resource 

	TCI
	RS set configuration

	[00]
	 SS Beam

	…
	…

	[10]
	CRI #x

	…
	…


For example, at the initial stage, SS block beam is identified during initial access procedure, which is the only available beam before any further beam training. Thus it is reasonable to assume the SSB beam as the default beam before RRC connection, as well as in the case without any TCI state configurations in RRC. On the other hand, if TCI states have been configured in RRC but no TCI field in DCI, UE shall assume the default data beam as the beam associated with the first TCI state, say TCI [00]. In the case that PDCCH and PDSCH are FDMed, from the robustness perspective, PDSCH reception could be done by using the spatial filtering for PDCCH. Some other default assumptions are discussed in our companion paper [2].
Proposal 8: Support associating the default beam pair for data channel with the TCI state [00], if TCI states are configured by RRC but no TCI field exists in DCI.

4.3. Cross-carrier 

	Agreements: #90bis

· The following P/SP/AP CSI-RS signaling options are supported:

QCL parameter

Reference RS

Target RS

Signalling mode

Reference RS and Target RS should belong to the same CC/BWP or not

Spatial

SSB

P CSI-RS

RRC

Can be on different CCs/BWPs

Spatial

SSB

SP CSI-RS

SP CSI-RS activation signal 

Can be on different CCs/BWPs

Spatial

P CSI-RS

Another P CSI-RS

RRC

Can be on different CCs/BWPs

Spatial

SSB or P/SP CSI-RS

AP CSI-RS

RRC or RRC+MAC CE for configuration,
indication with DCI 

Can be on different CCs/BWPs

· 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.



It was already agreed that NR supports QCL assumptions across carriers, at least for CSI-RS and SSB in downlink. In uplink there seems no particular reasons to exclude this kind of assumptions. Then a beam/QCL indication across carriers is a nature follow-up, which indicates the QCL relationship between target RS and reference RS on different carriers and a carrier identifier needs to be included in configurations. One example, gNB can signal that TCI state [01] is associated with CRI#1 in CC#1, and use [01] for the subsequent beam management and data transmission in CC#2. 
Proposal 9: Supports spatial QCL indication across component carriers or bandwidth parts.
In addition, a spatial QCL carrier group may be specified and indicated to UE when associated HF carriers are activated. The spatial QCL carrier group information can be obtained by the UE in system information during initial access. Or, when a new carrier is activated, the spatial QCL relationship with another active carrier can be signaled via RRC signaling. As shown in [3], in particular, for NLOS channels, the probability of power difference between two carriers being smaller than 3 dB varies dramatically, depending on gNB-UE distance and other factors. With this in mind, UEs shall measure and report to facilitate gNB to collect information for maintaining the spatially QCLed component carrier group. For example, gNB can configure CSI-RS transmission with normal and longer periodicities for beam measurement on a reference CC and other CCs in the group, respectively. 

Proposal 10: For carrier aggregation, support maintaining a spatially QCLed component carrier group based on UE feedback.
5. Uplink Beam Management

	Agreements: #88

· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.

· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)

· Alt.2: based on gNB indication, e.g. via SRI


Alt-1 is best suited to UEs which have Tx/Rx beam correspondence and have already performed DL measurements which can be used for UE determination of Tx beam-former for SRS. If neither of these conditions is satisfied, UE-determined Tx beam-former may be ineffective.

Alt-2 is to be used when the gNB needs to indicate the UE SRS Tx beam direction in an implicit or explicit manner. In the RAN1#89 meeting it was agreed that different schemes should be used depending upon whether the UE has Tx/Rx beam correspondence or not.  

It is our view that gNB shall determine which alternative (Alt-1 or Alt-2) to configure for each UE and furthermore which signaling to use for Alt 2, based on the UE beam correspondence capability, the timing and the environment of the scheduled SRS transmission. For example, if the SRS is transmitted for non-codebook based UL transmission, the UE can determine the Tx beam-former or pre-coder based on DL reception. However, if the SRS is used for reciprocity-based DL channel measurement, in order to obtain exact CSI between gNB and UE, UE should determine the Tx beam-former or pre-coder only based gNB indication, e.g., based on CRI. Since different SRS resources may correspond to different purposes, the indication of Alt.1 or Alt.2 can be included in SRS-ResourceConfig.

Proposal 11: Support gNB to indicate which alternative (i.e., Alt-1 with gNB-transparent Tx beamformer or Alt-2 based on gNB indicated beamformer) shall be used for the determination of UE Tx beamformer for SRS. 
6. Summary of Proposals
The proposals in this paper are summarized as follows (the RRC impacts are summarized in Annex). 

Proposal 1: Support UE to request the amount of CSI-RS resources/sets for DL Rx beam training. 
Proposal 2: Support rank-dependent beam selection and reporting, i.e., each UE beam reporting corresponds to a certain reported rank.

· Support beam selection criteria beyond max-RSRP such as the sum-rate.

· Adopt at least the additional options of {CRI/RI, PMI/CQI} for the content of CSI reporting.

Proposal 3: Support deriving the step size for differential RSRP reporting from the reference RSRP. 
Proposal 4: Support reserving at least one state in 4-bit differential RSRP report for dealing with special cases. 
Proposal 5: Support the following dropping rules when beam reporting and/or CSI reporting conflicts on short PUCCH and the total payload exceed the maximal PUCCH payload: 

1. AP beam reporting vs P CSI reporting and/or P beam reporting vs AP CSI reporting

AP beam reporting > P CSI reporting;

AP CSI reporting > P beam reporting.
2. AP beam reporting vs P beam reporting

     AP beam reporting > P beam reporting.

3. AP/P beam reporting vs CSI reporting

Beam reporting part 1 > CSI reporting> beam reporting part 2.
Proposal 6: Support the following additional configuration for beam reporting:

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

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

Proposal 7: Support UE to derive the bit-width of TCI in DCI from an existing higher layer parameter SSB-transmitted.

Proposal 8: Support associating the default beam pair for data channel with the TCI state [00], if TCI states are configured by RRC but no TCI field exists in DCI.

Proposal 9: Supports spatial QCL indication across component carriers or bandwidth parts.
Proposal 10: For carrier aggregation, support maintaining a spatially QCLed component carrier group based on UE feedback. 
Proposal 11: Support gNB to indicate which alternative (i.e., Alt-1 with gNB-transparent Tx beamformer or Alt-2 based on gNB indicated beamformer) shall be used for the determination of UE Tx beamformer for SRS. 
Annex

The following RRC parameters have been captured for BM.

Beam measurement related

	CSIResourceRep
	IE within ResourceSetConfig indicating whether repetition is on/off. Repetition on(off), means that The UE can (can not) assume that the gNB maintains a fixed Tx beam over the resources in the set.
	ON, OFF

	SSBResourceMeasList
	List of SSB resources used for beam measurement and reporting in a resource set
	Maximum list size is 64

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	


Beam reporting related

	group-based-beam-reporting
	Turning on/off group beam based reporting 
	ON, OFF

	nrofReportedRS
	The number N of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability. The value range for N is {1,2,3,4}.
FFS: The signaling mechanism for the gNB to select a subset of N beams for the UE to measure and report.
Note: this parameter may not be needed for certain resource and/or report settings
	1,2,3,4

	number-of-beams-reporting
	Number of beams to report for group-based beam reporting
	1, 2, …


Beam indication related

	TCI-StateRefId
	Reference to a configured TCI State providing QCL configuration/indication for PDCCH
	

	TCI-PresentInDCI
	Whether for the case when at least spatial QCL is configured/indicated, if TCI field is present or not present in DL-related DCI.
FFS: details of the granularity of the configuration, e.g. per CORESET, per UE.
	Enabled, Disabled

	TCI-RS-SetConfig
	Contains parameters for configuring an RS set within a TCI state, e.g., which RSs, which QCL parameters, etc.
	

	TCI-States
	Contains Transmission Configuration Indicator (TCI) states for dynamically indicating (over DCI) a transmission configuration which includes QCL relationships between the DL RSs in one RS Set and the PDSCH DMRS ports.
	

	SRS-SpatialRelationInfo
	Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS
	


We propose to include the following RRC parameters.
From Proposal 2: To include {CRI/RI, PMI/CQI} for the content of CSI reporting.

From Proposal 6: To include CSI-RS resource set indicator(s) for CSI feedback, when multiple resource sets are with repetition = “ON” 
From Proposal 8: To include a default beam assumption associated with TCI state [00], if TCI states are configured in RRC but no TCI filed exists in DCI.

From Proposal 9: To include component carrier identifier in QCL configuration.
From Proposal 10: To include the component carrier group. 
From Proposal 11: To include an indication (i.e. Alt-1 with gNB-transparent Tx beamformer or Alt-2 based on gNB indicated beamformer), for determination of UE Tx beamformer for SRS.
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