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1 Introduction  

Beam management framework has been discussed and the following agreements on how to configure SS block for beam management have been reached [1]: 
Agreements:

· 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

Group-based beam reporting has been discussed and the following agreements have been reached [2]: 
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

Beam indication has been discussed and the following agreements have been reached [1]: 

Agreements:

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.

Agreements:

The QCL configuration for PDCCH contains the information which provides a reference to a TCI state

· Alt 1: The QCL configuration/indication is on a per CORESET basis

· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.

· Alt 2: The QCL configuration/indication is on a per search space basis

· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.

· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)

Note: The above options are provided as input to the control channel agenda item discussion

Agreements:

· 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
UL Beam management has been discussed and the following agreements have been reached [2]: 

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 management procedure including beam measurement, (group based) beam reporting and UL beam management is elaborated here.  
2 Beam measurement 
2.1 CSI-RS for beam measurement

As one kind of wideband signal for channel measurement, CSI-RS has been firstly agreed for beam management besides CSI acquisition. Subsequently, in NR RAN1 NR AH#2, the following CSI-RS pattern has been agreed for beam management.

	Agreements:

· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)


Besides, the pattern for CSI acquisition for 2-port is (2,1) @ FD-CDM2. In order to prevent the frequency-domain interference and keep accuracy of estimates, RAN1#AH-NR, the following aspects have been agreed. 

· from UE perspective, frequency domain CDMed DMRS ports are QCLed. 

Similarly, these two CDM ports per CSI-RS resource for beam management also should be QCLed w.r.t. all QCL parameters including spatial Rx parameter. It should be noticed that if two Tx beams (e.g., from two Tx panels, respectively) are expected to be probed for one OFDM symbol, two one-port CSI-RS resources can be configured to achieve this.    

Proposal-1: For the case of CSI-RS resource(s) with 2-port with D=1 for beam management, the 2 ports within one CSI-RS resource are QCLed w.r.t. all QCL parameters including spatial Rx parameter.
This means that in all cases for beam management, CSI-RS resource should be QCLed no matter the number of ports, and as a consequence CSI-RS resource indicator is to indicate the Tx beam naturally. Hence, at least CRI(s) are reported as the information indicating DL Tx beam(s).

In RAN1#90 meeting, it has been agreed that a RRC parameter is configured in the resource set configuration to indicate repetition “ON/OFF” of the resources in the resource set. When repetition is ON, UE assumes the same Tx beam is used for the resources in the resource set, otherwise UE cannot assume a fixed beam for the resource set. Based on this framework, the detailed configuration to facilitate P1/P2/P3 beam management is given is our companion contributions [6] and [7]. Moreover, related beam report mechanism for P1/P2/P3 is also discussed. The following proposal is given.

Proposal-2: NR supports the following configurations for P1/P2/P3 beam management.

· Multiple resource sets are configured. For each resource set, repetition is set to “ON” (for P1)
· UE reports CSI-RS resource set indicator(s) for CRI feedback

· One resource set is configured with repetition “OFF” (for P2)
· UE reports local CSI-RS resource indicator(s) within this resource set for CRI feedback

· One resource set is configured with repetition “ON” (for P3)
· UE does not report CRI related information

· If repetition is set to be “ON”, 
· The channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set
· CSI-RS resources in the resource set is TDMed.
· If repetition is set to be “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set
2.2 SS block for beam measurement

In RAN1#90, it has been agreed that NR supports L1-RSRP reporting of measurements on SS block for beam management procedures, and as a consequence NR support the use cases of SS block only, CSI-RS only, and SS block + CSI-RS. For the latter one, UE can optionally support the case of joint L1-RSRP using QCL-ed SS-block + CSI-RS.
SS block tends to use wider/lower spatial resolution beams over CSI-RS beams with higher oversampling, e.g., (O1,O2)=(4,4), which is to construct at least two-level hierarchical architecture for accelerating beamforming training with lower overhead naturally. For instance, 1 SS block can be (partially) QCL-associated with N CSI-RS resource/port through resource setting (e.g., CSI-RS resource setting contains the indicator(s) of SS block(s) in one format, which means that CSI-RS resource set(s) can be associated with SS block(s) in order), which means that Tx beams serving for SS block can well cover Tx beam sets associated with N CSI-RS resource/port.  QCL parameter set between SS and CSI-RS can be configurable according to [8].
Proposal-3: Support block-wise QCL association (including spatial QCL) between CSI-RS resources and SS block(s) through CSI-RS resource setting, i.e., CSI-RS resource set(s) can be spatial QCLed with SS block(s) in order.

2.3 Beam measurement setting

In the beam measurement setting, N≥1 reporting settings, M≥1 resource settings and L≥1 links can be configured per UE. The characteristics or parameters for reporting setting, like CSI or L1-RSRP, and resource setting, like pattern requirement for CSI-RS for beam management, are used to indicate whether this measurement is for beam management or CSI acquisition, instead of new format(s).     

In each of the L links in CSI measurement setting, there are at least CSI reporting setting indication and resource setting indication. SS block like CSI-RS comprises one resource set and this set can be linked with one reporting setting which might also link with CSI-RS resource setting, as shown in Figure 1. Noticed that its beam management setting can be UE-specific configured/triggered accordingly, e,g., the link and beam reporting setting, although the SS block is cell-specific configured by the broadcast message. For the perspective of UE reporting, the unified resource ID should be considered, e.g., the IDs from different types of RS are renumbered by gNB or by pre-defined rules. 
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Figure 1  Unified format for beam measurement setting involving SS-block and CSI-RS

Regarding the procedures of beam sweeping, the specification impact for P-1/2/3 is just to inform UE of which RS resources have the same Tx beam (i.e. kept unchanged or not). In RAN1#90, we have the following agreement about the QCL relation between different SS block burst. 

	Agreements:
· A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated with respect to spatial, average gain, delay, and Doppler parameters
· By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters

· FFS: Whether the network indication of SS block repetition and the impact on QCL assumption


As a consequence, P-2 can be generally achieved by only one SS burst set, and P-3 might need to make some association across different SS burst set. P-1 can be seen as the combination of P-2 and P-3 accordingly. 

Additionally, taking into account the flexibility of configuring SS block setting for more than one reporting setting, it is recommended that SS blocks are configured within a resource setting for beam management, where the set of SSBs can be all of the SS block beams or a subset of them from one SS block burst.
· Proposal-4: Support configuration of SSB resources within a resource setting for beam management, i.e., Alt-1, in NR beam management framework.
· N ≥1 beam reporting settings 

· Resource settings containing MCSI-RS≥0 CSI-RS resource setting and MSSB≥0 SS block settings, where MCSI-RS +  MSSB ≥1, and at least spatial QCL association between CSI-RS resources and SS blocks if required;
· 1 beam measurement setting, where the beam measurement setting includes L ≥1 links 

3 Beam reporting
In this section, some essential remaining issues on beam reporting are discussed here, and some more details, including the number of Tx beams (per group) to be reported, the number of groups, and how to indicate Tx beam with the “repetition “ON/OFF” signaling within one resource set, and simulation results can be found in companion contribution [2].

3.1 RSRP determination
Regarding beam reporting, the UE behavior for L1-RSRP determination, similar to CQI in CSI acquisition, should be considered for group-based beam reporting and non-group based beam reporting. L1-RSRP is determined per reported Tx beam using its associated Rx beam(s). Question is how to specify this Rx beams in spec (Generally, this determination should depend on the best Rx beams with the objective of maximizing RSRP).

· Regarding non-group based beam reporting, also called as beam based reporting, each reported Tx beam can be seen as one independent transmission scheme without any assumption of using them together or not. Consequently, if this Tx beam is indicated, UE would be aware of its associated Rx beam(s), and the interpretation on the Rx beam(s) can be left as a UE implementation issue.

· Regarding group based beam reporting, there exists a UE assumption that the reported Tx beams can be received simultaneously. In one typical cases, if 2 Tx beams are reported as one group, which has been supported in NR, there is one Rx beam set, which can be used for achieve this goal of simultaneously receiving, like one Rx beam per UE panel for one reported Tx beam. Therefore we should have distinct definition of L1-RSRP for group based reporting, i.e., these associated Rx beams should used together for L1-RSRP determination, instead of any other interpretation, e.g., L1-RSRP per Tx beam per Rx beams, which are used to align with this reported beam.    
In TS36.214 for LTE or the draft of TS38.215, it has the following description about RSRP:
· The reference point for the RSRP shall be the antenna connector of the UE

· If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches
With consideration of the cases of multiple Rx beams in the derivation of L1-RSRSP, receive combining should be described in the L1-RSRP description.

As a consequence, we have the following proposals for L1-RSRP determination. 

Proposal-5: L1-RSRP measurement is reported per RS resource in report instance used for beam management
· For non-group based beam reporting (i.e., group based beam reporting is NOT configured), L1-RSRP is determined per reported Tx beam.

· For group based reporting (i.e., group based beam reporting is configured), L1-RSRP is determined per reported Tx beam while simultaneously using the Rx beam(s) associated with this reported group.
· With consideration of the cases of multiple Rx beams in the derivation of L1-RSRSP, receive combining should be described in the L1-RSRP description.
3.2 Capability issues for DL beam management

In group based beam reporting, N different Tx beams In a beam reporting instance can be received simultaneously. Similarly, consideration on the constraint of TRP antenna panels/subarray should be taken for selecting Tx beam(s). To be more specific, Tx beams within TRP antenna group (i.e. from the same tx panels) cannot be transmitted simultaneously, and therefore the TRP needs to define a TRP beam group which cannot be transmitted simultaneously and inform them of UE. When a UE selects beams within one group in beam reporting, the selection rules have to follow the constraint that each of these beams is coming from different gNB beam groups.  
Proposal-6: TRP Tx beam groups are defined for indication to UEs on which beams cannot be transmitted simultaneously in the same group. The beam selection rules for group based beam reporting should follow the constraint that each of these beams to be reported is coming from different TRP beam groups.
Notice that, in order to achieve the reporting about UE capabilities, e.g., the TXRUs associated with Tx beams or group, the following UE capability should be reported to TRP:

· The max number of (spatial) layers per group, regarding group based beam reporting
· The max number of (spatial) layers per Tx beam, regarding non-group based beam reporting
Additionally, for the Rx beam related beam training, the number of time domain repetition (for Rx beam training) regarding the resource setting(s) for beam measurement setting should be supported as one part of UE DL request signaling. 
3.3 Group based beam reporting

In RAN1#90, the case of one group and two beams per group has been supported, and FFS other values of number of beams per group. If considering the case of 4 panels in UE side, only 2 beams per group to be reported cannot feedback the difference between panels in terms of channel properties. Even for the case of 2 panels, i.e., back by back panel, in UE side, more than 2 beams per group can well represent some Tx beams sharing the same Rx beam(s). In the case of blockage while considering higher Doppler shift in high frequency, more information of beams per group, e.g., four beams per group, would be beneficial to keep the robustness of transmission, which has been proved in simulation results of our companion contribution [2].   
 Taking into account that channel properties can be well shown through beam group based reporting, rank indicators (RI) should be contained per group in group based reporting. RSRP per Tx beam per group can represent the channel power/propagation loss  rather than the number of transmission layer according to current channel qualities. For instance, the Tx beams per group can be used for spatial multiplexing or diversity, and RI can well inform gNB of which transmission scheme should be considered for the subsequent data transmission and also accelerate the procedure of CSI acquisition. 

Proposal-7: RI can be reported in addition to L1-RSRP, if group based beam reporting is configured.
Proposal-8:  For group based beam reporting, support N=4 as the maximum number of beams to be reported. 
For non-group based beam reporting, it can be observed from the simulation results in [2] that there is no performance gain on supporting more than 2 beams.  So we have the following proposal:

Proposal-9:  For non=group based beam reporting, support N=3 as the maximum number of beams to be reported. 
4 Beam indication for PDSCH
Beam related indication is a dynamic procedure considering UE/TRP beamforming capability, channel properties, UE requirement and TRP resource allocation. DCI-only indication hardly supports numerous scenarios due to restriction of DCI overhead. Meanwhile, some beam-related information is long-term instead of short-term like CQI. In addition, semi-persistent CSI-RS is supported so QCL indication with respect to these semi-persistent RS should be consistent with timing of activation and de-activation states of the RS.  Therefore, NR should support flexible multi-stage indication for QCL among RS ports, using joint RRC, MAC-CE and DCI signaling. According to current agreement about Transmission Configuration Indication (TCI) states in RAN1 NR-AH#3, the extended procedure with additional MAC-CE signaling is described as follows:
Step 1 – Configure/Reconfigure: gNB configures or reconfigures one candidate TCI state pool (i.e., CSI-RS and SS block (SSB)) via RRC signaling;

Step 2 – Activate/De-activate: gNB activates or de-activates candidate TCI states via MAC-CE signaling, and map the activated candidate states into TCI states described by DCI field for PDSCH;
Activating or de-activating candidate TCI states is based on gNB-side beamforming capability and resource allocation.  Also, these activated candidate TCI states would be mapped into TCI states described by DCI field for PDSCH. 
Step 3 – Indicate:    gNB indicates one TCI state for DMRS port group(s) via DCI signaling;

One TCI indicator state activated in Step-2 would be indicated in this DCI signaling for beam-related indication. 

This multi-stage indication for QCL among RS as shown in Figure 2 can efficiently fulfill these requirements of configuration/indication flexibility and low signaling overhead especially for DCI. 

· RRC signaling for configuration/reconfiguration is to fulfill various UE/TRP beamforming capability, UE requirements and physical channel properties. After beam-related UE reporting, one or several possible beamforming schemes for subsequent data transmission can be configured or reconfigured accordingly. If the index for the periodic or semi-persistent CSI-RS is configured, the measurement restriction window ID should be added accordingly.
· MAC-CE signaling for activating/deactivating is to support TRP resource allocation with flexibility. Portion or all of candidate TCI states are activated by TRP(s) with low latency tolerance, considering MU-MIMO scheduling or interference coordination. Also, the TRS resource(s) associated with activated  TCI states (ie., associated with CSI-RS/SSB ID contained in activate TCI states) is activated for QCL association w.r.t. Doppler shift, Doppler spread, average delay, and delay spread accordingly. 
· DCI signaling for indication from the QCL indicator states. Through above mentioned first and second stages, the available subset would be limited but should be indicated with real-time requirement like supporting different transmission schemes. Therefore, DCI signaling is well-suited for this final beam indication.  

It should be noticed that the timing and frequency tracking should be well performed for any DCI dynamic QCL states, which means that TRS associated with all Tx-Rx beam links associated with the activated states described by DCI field for PDSCH QCL indication should be transmitted in advance. Compared with the approach without MAC-CE activation, the recommended RRC+MAC-CE+DCI approach can significantly save the overhead of TRS and avoid transmitting all TRSs associated with RRC configured candidate TCI states, besides saving indication signaling of DCI.  In addition, it reduces UE complexity by avoiding the need of performing too many sets of channel tracking.
Table 1 QCL indicator state configuration through RRC+MAC-CE
	Parameters
	QCL w.r.t, spatial RX parameter
	TRS
	… 

	ith TCI state
	DM-RS port group i1
	CSI-RS/SSB index i1 from activated candidate TCI state 
	TRS index i1
	…

	
	DM-RS port group i2
	CSI-RS/SSB index i2 from activated candidate TCI state
	TRS index i2
	…


Observation 1: 
· TRS associated with all Tx-Rx beam links associated with the activated states described by DCI field for PDSCH QCL indication should be transmitted in advance 
· Compared with the approach without MAC-CE activation, the recommended RRC+MAC-CE+DCI approach can significantly save the overhead of TRS and avoid transmitting all TRSs associated with RRC configured candidate TCI states, besides saving indication signaling of DCI. In addition, it reduces UE complexity by avoiding the need of performing too many sets of channel tracking.
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Figure 2 Multi-stage DL beam indication for QCL among RS ports
Besides QCL related information, this indicator state should also support PDSCH RE mapping, which is here called as PQI analogue to LTE-PQI.
In addition, some more details on beam indication for PDSCH/PDCCH and the simulation results for indication latency can be found in companion contribution [3].  It can be shown that it is sufficient to update the candidate pool by higher layer signaling.  The benefit of coupling reported beam with beam indication is not clear while its drawback is less flexibility on the TRP side. Therefore, we propose this multi-stage beam indication without coupling with beam reporting.
Observation 2: The benefit of coupling reported beam with beam indication is not clear through reducing latency between beam measurement and indication while its drawback is less flexibility on the TRP side.
Proposal-10: For the indication of spatial QCL assumption between DL RS antenna ports and DMRS antenna ports of DL data channel,

· 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 
· M can be larger than 2N, where N is the size of the DCI field for PDSCH

· MAC-CE is used to activate 2N candidate TCI states (if M > 2N) and map the activated candidate TCI states into TCI states described by N bit DCI field for PDSCH 

· If M is equal to 2N, the candidate TCI states are mapped into TCI states in order by default. 

· 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 QCLed with the DL RS(s) in the RS Set corresponding to the signalled TCI state 

· The value of N is at most 2 bits
5 UL beam management setting 

In UL beam management, UL resource like SRS is allocated by gNB which should be aware of UE capability and requirement. As a consequence, the UL RS request signaling from UE sides should be specified, which is different from DL beam management. In RAN1#90, we have the following agreement

	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: impact of multi-panel 

Agreements:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.

· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 


By default, it implies that Tx beams (mentioned in above agreement) associated with the same set of SRS resources cannot be transmitted simultaneously, i.e., from one UE panel. But, taking into account multi-panel case, Tx beams associated with different panel, which can be transmitted simultaneously, should be informed of gNB. This is not only necessary for UL beam management, e.g., simultaneously train/refine DL Tx beams, but also for the subsequent data transmission, e.g., indicating two Tx beams (SRIs) associated with different panel for UL transmission. 

As a consequence, the number of SRS resource per set can be provided for gNB, where different UL SRS resource(s) contained within the same set cannot be transmitted simultaneously at the UE; different UL SRS resource(s) contained within the different sets can be transmitted simultaneously at the UE. For instance, we have the following request of 8 SRS resources per set: {{set-1: 8}, {set-2: 8}}, where the total of 16 SRS resources are required for UL beam training. 

Proposal-11: Support UE to provide the following information to gNB to assist UL beam management:
· Number of SRS resource sets 
· Number of SRS resources per set representing the amount of SRS resources per set required for UE Tx beam training
· Notes: different UL SRS resource(s) contained within the same set cannot be transmitted simultaneously at the UE
· Notes: different UL SRS resource(s) contained within the different sets can be transmitted simultaneously at the UE
In addition, some more details on UL beam management can be found in companion contribution [4].
6 Conclusion

In this contribution, beam management are discussed and studied here. Based on analysis on beam measurement, we have the following proposals:

Proposal-1: For the case of CSI-RS resource(s) with 2-port with D=1 for beam management, the 2 ports within one CSI-RS resource are QCLed w.r.t. all QCL parameters including spatial Rx parameter.
Proposal-2: NR supports the following configurations for P1/P2/P3 beam management.

· Multiple resource sets are configured. For each resource set, repetition is set to “ON” (for P1)
· UE reports CSI-RS resource set indicator(s) for CRI feedback

· One resource set is configured with repetition “OFF” (for P2)
· UE reports local CSI-RS resource indicator(s) within this resource set for CRI feedback

· One resource set is configured with repetition “ON” (for P3)
· UE does not report CRI related information

· If repetition is set to be “ON”, CSI-RS resources in the resource set is TDMed

· If repetition is set to be “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set

Proposal-3: Support block-wise QCL association (including spatial QCL) between CSI-RS resources and SS block(s) through CSI-RS resource setting, i.e., CSI-RS resource set(s) can be spatial QCLed with SS block(s) in order.

· Proposal-4: Support configuration of SSB resources within a resource setting for beam management, i.e., Alt-1, in NR beam management framework.

· N ≥1 beam reporting settings 

· Resource settings containing MCSI-RS≥0 CSI-RS resource setting and MSSB≥0 SS block settings, where MCSI-RS +  MSSB ≥1, and at least spatial QCL association between CSI-RS resources and SS blocks if required;
· 1 beam measurement setting, where the beam measurement setting includes L ≥1 links 

Based on the analysis on beam reporting, we have the following proposals:
Proposal-5: L1-RSRP measurement is reported per RS resource in report instance used for beam management
· For non-group based beam reporting (i.e., group based beam reporting is NOT configured), L1-RSRP is determined per reported Tx beam.

· For group based reporting (i.e., group based beam reporting is configured), L1-RSRP is determined per reported Tx beam while simultaneously using the Rx beam(s) associated with this reported group.
· With consideration of the cases of multiple Rx beams in the derivation of L1-RSRSP, receive combining should be described in the L1-RSRP description.
Proposal-6: TRP Tx beam groups are defined for indication to UEs on which beams cannot be transmitted simultaneously in the same group. The beam selection rules for group based beam reporting should follow the constraint that each of these beams to be reported is coming from different TRP beam groups.
Proposal-7: RI can be reported in addition to L1-RSRP, if group based beam reporting is configured.
Proposal-8:  For group based beam reporting, support N=4 as the maximum number of beams to be reported. 

Proposal-9:  For non-group based beam reporting, support N=2 as the maximum number of beams to be reported. 

Based on the analysis on beam indication, we have the following observations and proposals:
Observation 1: 
· TRS associated with all Tx-Rx beam links associated with states described by DCI field for PDSCH QCL indication should be transmitted in advance. 
· Compared with the approach without MAC-CE activation, the recommended RRC+MAC-CE+DCI approach can significant save the overhead of TRS and avoid transmitting all TRSs associated with RRC configured candidate TCI states, besides saving indication signaling of DCI. In addition, it reduces UE complexity by avoiding the need of performing too many sets of channel tracking.
Observation 2: The benefit of coupling reported beam with beam indication is NOT clear through reducing latency between beam measurement and indication while its drawback is less flexibility on the TRP side.
Proposal-10: For the indication of spatial QCL assumption between DL RS antenna ports and DMRS antenna ports of DL data channel,

· 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 
· M can be larger than 2N, where N is the size of the DCI field for PDSCH

· MAC-CE is used to activate 2N candidate TCI states (if M > 2N) and map the activated candidate TCI states into TCI states described by N bit DCI field for PDSCH 

· If M is equal to 2N, the candidate TCI states are mapped into TCI states in order by default. 

· 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 QCLed with the DL RS(s) in the RS Set corresponding to the signalled TCI state 

· The value of N is at most 2 bits
Based on the analysis on UL beam management, we have the following proposals:
Proposal-11: Support UE to provide the following information to gNB to assist UL beam management:
· Number of SRS resource sets 
· Number of SRS resources per set representing the amount of SRS resources per set required for UE Tx beam training
· Notes: different UL SRS resource(s) contained within the same set cannot be transmitted simultaneously at the UE
· Notes: different UL SRS resource(s) contained within the different sets can be transmitted simultaneously at the UE
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