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1. Introduction
NR beam management shall support the establishment and maintenance of beam pair links (BPLs) between TRP and UE and apply those beam pair links for control and data channels. 
The main purpose of DL beam management is for the establishment and maintenance of beam pair links for DL channels. Therefore, it shall be composed of the following features:
· Transmit of beam management reference signals by gNB.
· Beam measurement and reporting by UE.
In addition, due to UE analog beamforming, the UE shall understand the applied beam pair link before it receives signals from gNB, for that purpose, the following feature is needed:
· Beam indication by gNB.
In case of beam correspondence, the beam pair links applicable for UL channels can be derived from DL beam management, by appropriated design. Otherwise, the system may require an UL beam management procedure for the establishment and maintenance of beam pair links for UL channels. For that purpose, the following features shall be considered.
· Transmit of beam management reference signals by UE.
· Beam indication by gNB (to inform UE appropriate TX beam)
In this contribution, we further discuss the remaining issues associated with the above-mentioned items.
2. Beam Based DL Transmission & Overall Beam Management Procedure
At the RAN1#90 meeting, it was discussed of several possible spatial QCL assumptions for PDSCH/PDCCH transmission. 
In general, for a multi-beam based system, the DL transmission can be categorized into the following.
Category 1: non-beam-indication based, wherein the transmission does not rely on a UE-specific beam management and therefore beam indication is not needed. For example, immediately after entering RRC CONNECTED mode, UE assumes the beam pair link associated with the SS block identified during initial access by default.
Category 2: beam-indication based, wherein the gNB shall configure or indicate the UE the BPL information, which are derived from and maintained by beam management.
The beam management discussion mainly falls into category 2. The general procedure for category 2 is that gNB transmits beam management RS for UE to measure different BPLs. The UE report the selected BPLs to assist the maintain a candidate list of BPLs. The gNB picks up one BPL or multiple BPLs for DL RS or channel transmission. Before transmission, the gNB indicate to the UE the BPL information to help UE make appropriate RX beams.
Depending on the beam measurement and reporting schemes, we may derive different transmission schemes assumed for DL channels and signals. At the previous RAN1 meetings, it was agreed to support group based and non-group based beam reporting schemes. The underlying motivation is to support the following beam indication based (i.e., Category 2) transmissions.
Scheme 1: single BPL based operation wherein for each DL RS or DL channel transmission, the gNB shall indicate a single TX/RX beam pairs. For beam indication, a single spatial QCL assumption is sufficient per transmission.
Scheme 2: multiple BPL based operation wherein for each DL RS or DL channel transmission, the gNB shall indicate multiple TX/RX beam pairs. For beam indication, it shall support the indication of multiple spatial QCL assumptions per single transmission.
According to the RAN#77 meeting decision on NR scope down-selection, listed as follows, multiple beam transmission shall be considered after December 2017.
	MIMO
· Aiming December 2017 completion:
· …
· Framework for beam management
· Beam measurement
· Beam failure recovery
· Beam reporting
· Beam indication
· …

· Aiming completion beyond December 2017, exact completion target (June/2018 or other) to be re-discussed at RAN#78 on a case-by-case basis:
· RS design for mini-slot beyond what is covered in Dec. ’17 
· Multiple TRP/panel/beam transmission/reception at gNB for PDSCH/PUSCH
· RLF connected to beam management


In the following sessions, we focus only on Scheme 1. Specifically, we discuss detailed designs from the following perspectives: beam management reference signals, beam measurement and reporting, beam indication.
3. General procedures for DL beam management
To support the two schemes mentioned in Section 2, several DL beam management procedures can be considered.
Similar to the above category of beam based DL transmission schemes, there can be two general categories of DL beam management procedures, if the categorization is done from UE RX beamforming perspective, i.e., from receive spatial QCL perspective. Those are described as follows.
Category A: Non-beam-indication based, wherein the UE shall not assume a specific RX beamforming when receiving the beam management RS. Note this is quite similar to the procedure of transmission and reception of SS blocks.
Category B: Beam-indication based, wherein the gNB shall configure or indicate the UE the BPL information, so that the UE can prepare appropriate reception behaviors.
From gNB TX beamforming perspective, i.e., from transmit spatial QCL perspective there are also two categories.
Category I: All beam management reference signal resources (within a set) are spatially QCLed from TX perspective. This is to say that a same TX beams are repeated in several different reference signal resources within a set.
Category II: All beam management reference signal resources (within a set) are not spatially QCLed from TX perspective. This is to say that different TX beams are used in different reference signal resources within a set.
By combining the Category A/B with Category I/II, a full spatial QCL assumption for both transmitter perspective and receiver perspective is clear.
As mentioned in Section 2, the design target of beam management is to support two beam-based transmission schemes. 
For Scheme 1: beam management shall target at searching for the best TX/RX beam pair link to provide the best performance. The beam pairs can be jointly searched. However, it can also be separately searched for the benefit of reducing the complexity. In this case, we can design two beam management configurations:
Beam management configuration 1 (similar to P2 procedure): measurement on different TX beams (i.e., different RS resources which are not spatially QCLed) to possibly change TX beam(s), whereas the RX beam is fixed (i.e., by indicating an associated RX spatial QCL information); and the UE shall derive a beam reporting by assuming single beam reception.
Beam management configuration 2 (similar to P3 procedure): measurement on the same TX beam (i.e., different RS resources which are spatially QCLed) to possibly change RX beam (i.e., a UE can try different RX beams); and the UE shall derive a beam reporting by assuming single beam reception.
For Scheme 2: beam management shall target at searching for multiple TX/RX beam pair links which shall first of all ensure that the simultaneously transmission/reception is possible and secondly provide an optimized (compared to single beam case) performance. In this case, we can design another beam management configuration.
Beam management configuration 3 (similar to P1 procedure): measurement on different TX beams (i.e., different RS resources which are not spatially QCLed) to find one or multiple TX beams which can be simultaneously received by one or multiple RX beams (i.e., a UE can try different RX beams); and the UE shall derive a beam reporting by assuming single beam reception.
We enumerate in Figure 1~3 several combinations to demonstrate the use cases.


Figure 1: Beam management configuration 1: TX beam refinement for a specific single-beam based TX/RX spatial QCL relationship.


Figure 2: Beam management configuration 2: RX beam refinement for a specific single-beam based TX/RX spatial QCL relationship.


Figure 3: Beam management configuration 3: establishment of multi-beam based TX/RX spatial QCL relationship.
Based on the above discussion, it is clear the detailed requirements for beam management procedure. To satisfy those requirement, there will be different designs for the transmission of RS, beam reporting and beam indication. In the following, we discussion these issues separately.
4. Reference signals for DL beam management
RS for beam management.
At the RAN1#90 meeting, it was agreed as follows to support L1-RSRP reporting based on SS block.
	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)


Based on this agreement and previous RAN1 agreement, it is clear then for DL beam management, SS-block, CSI-RS or both can be considered.
Configuration of SS-block for beam management.
The main purpose of SS block is still for initial access. There shall be no specific design for the beam management purpose, from the SS-block configuration/transmission point of view. For beam management, it shall just reuse the SS-block design from initial access.
Proposal 1: For the configuration and transmission of SS-block, follow the design in initial access.
At the NR AH#3 meeting, the following was agreed on configuration of SS-block for beam reporting.
	Agreement:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
· Down-select between the two options


In our view, although detailed configuration of SS-block is up to initial access design, within the CSI framework, it shall be still configured the set of SS-block indices to be measured and reported. And it shall be considered as part of the resource setting. 
Proposal 2: Support configuration of SSB resources within a resource setting for beam management.
•	L1-RSRP measurement on these resources is reported.
Configuration of CSI-RS for beam management.
The CSI-RS design for beam management can reuse the CSI-RS for CSI acquisition. Additional requirement including higher density and configurations to support beam sweeping or beam repetition.
For the CSI-RS port number and density requirement for DL beam management, the following was agreed at RAN1#90 meeting.
	Working assumption:
· CSI-RS resource(s) with 2-port with D>1 for beam management is not supported in Rel-15
Agreements:
· Support of CSI-RS resource(s) with 2-port with D=1 for beam management in Rel-15 is subject to RAN4 feedback


For the configuration of CSI-RS for beam sweeping (e.g., used for P2) and beam repetition (e.g., used for P3), the following working assumption was made at RAN1#90 meeting.
	Working assumption:
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols


The configuration of CSI-RS for beam management shall support the three key beam management configurations enumerated in Section 3.
For beam management configuration 1, the TX beams shall be swept. In this case, the gNB shall just configure a set of CSI-RS resources and configure the repetition indicator to be “off”. 


Figure 4: CSI-RS configuration for BM Configuration 1.
For beam management configuration 2, the TX beams shall be repeated so that the UE can apply different RX beams to find out a better RX beam. In this case, the gNB shall just configure a set of CSI-RS resources and configure the repetition indicator to be “on”. In this scenario, the UE may not need to report any CRI as all the beams on different CSI-RS resources are the same. One can also configure just one CSI-RS resource any repeat it in multiple symbols. However, considering the CSI-RS configuration for beam management configuration 1, it is desired to have a common CSI-RS configuration. In that sense, the gNB can still configure multiple CSI-RS resources and just indicate that actually they are transmitted with the same beam.


Figure 5: CSI-RS configuration for BM Configuration 1.
For beam management configuration 3, the gNB shall transmit multiple TX beams and allow UE to measure based on multiple TX beams to obtain and report a group of TX beams, wherein beams within the group can be received simultaneously. There are several possible configurations of the CSI-RS transmission, as illustrated in Figure 6.
Alt. 1, the gNB configures multiple CSI-RS resource sets; a same TX beam is repeated within a CSI-RS resource set; and different TX beams are repeated in different CSI-RS resource sets. Within each set, the UE can try different RX beams to idenfity the desired TX and RX beam pairs. For beam reporting, the CSI-RS resource set index shall be reported.
Alt. 2, the gNB configures multiple CSI-RS resource sets; each CSI-RS resource is transmitted with different TX beams; and a same CSI-RS resource across different CSI-RS resource sets are transmitted with the same TX beam. Within each set, the UE can use a fixed RX beam to receive different TX beams. For beam reporting, the CSI-RS resource index (CRI) shall be reported. It is not necessary to report the CSI-RS resource set index.
Alt. 3, the gNB configures a single CSI-RS resource set, each CSI-RS resource is transmitted with different TX beams; and the CSI-RS resource set is transmitted in multiple bursts so that the UE can try different RX beams for each burst. For beam reporting, the CSI-RS resource index (CRI) shall be reported. It is not necessary to report the CSI-RS resource set index.
For Alt. 1, the spec shall define a new reporting index, i.e., CSI-RS resource set index; whereas Alt. 2 and 3 can use CRI for reporting. For Alt. 1 and 2 to configure CSI-RS resource number per set or number of sets respectively, the gNB shall know the possible number of UE RX beams. For different UEs, this may be different, which may make it difficult for the gNB to design common CSI-RS resources for multiple UEs. Based on the analysis, Alt. 3 is desired.


Figure 6: CSI-RS configuration for BM Configuration 3.
Based on the analysis, it is shown that by using a repetition indicator, the CSI-RS configuration can support various beam management configurations. At least simple use cases, e.g., Config. 1 and Config. 2 can be perfectly supported. With a bit more sophisticated design, it can also support more complicated cases, e.g., Config. 3
Therefore, we propose:
Proposal 3: Confirm the following working assumption.
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE cannot assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols
Proposal 4: For periodic CSI-RS or multi-shot CSI-RS transmissions, the is repetition indicator always “off”.
Proposal 5: NR supports the following configuration at least for P1 beam management.
· A single resource set of CSI-RS for BM is configured in a resource setting. Repetition must be set to “OFF”;
· Semi-persistent transmission of the resource set;
· UE reports CSI-RS resource index CRI feedback.
5. Beam Measurement and Reporting
To further design the beam measurement and reporting details, it was further agreed as follows.
	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


As discussed in the previous meetings, to support multi-beam based transmission, it is proposed to support that two beams are reported and are assumed to be received simultaneously. For non-group based beam reporting, it is mainly target at providing several alternatives for the gNB to flexibly select on appropriate beam for control and data transmissions. Considering the tradeoff between gNB scheduling flexibility and reporting overhead, it is considered that reporting a limited number of TX beams at a time can be a good starting point for NR beam management. 
Beam reporting shall be designed to enable the gNB to establish beam pair link for PDCCH and PDSCH transmission. It can also provide the functionality for the gNB to persistently monitor the quality of the configured beam pair links. Especially, a mechanism shall be established to monitor the quality of PDCCH beams. In the beam failure recovery discussion, it was agreed that the UE shall monitor all PDCCH beams to detect beam failure and trigger beam recovery request. The triggering condition is agreed as follows.
	Agreements:
· Beam failure is declared only when all serving control channels fail.
· When a subset of serving control channels fail, this event should also be handled	
· Details FFS


In case all PDCCH beams fail, there is high probability that UL channel is also broken. In this case, it may not be possible to report the status of PDCCH beams, as well as to report other beams to replace PDCCH beam. However, in case of a subset of serving PDCCH beam fails, there is still high probability for the UE to report the status to the gNB. If the gNB can obtain the latest status of the PDCCH beam quality, the gNB can trigger to replace PDCCH beam. To support such feature, a straightforward way is to mandate a regular reporting of the PDCCH beam quality. Based on such reporting, the gNB can do at least to following to improve the transmission.
· Select the beams for real PDCCH transmission, e.g., use the beam with better quality.
· Switch PDCCH beams, e.g., replace beams with bad quality
· Trigger additional beam management, e.g., in case further beam refinement is necessary to improve PDCCH beam quality.
Based on the above analysis, we propose the following.
Proposal 6: Support a report setting where L1-RSRP of configured PDCCH beams is periodically reported. 
As the gNB and the UE understand the related RS resources associated with PDCCH, it is not necessary for the UE to report the CRI for the L1-RSRP reporting on configured PDCCH beams. This can save the reporting overhead.
Proposal 7: Support L1-RSRP only reporting on configured PDCCH beams.
Based on the above discussion, it can be identified that we shall support beam reporting for all configured M PDCCH beams and in addition N other beams. At the NR AH#3 meeting, it was also discussed the necessity of differential L1-RSRP. It is a common understanding that differential RSRP is necessary if the reported number of beams is large. As discussed above, for new beam reporting, the number shall be limited due to the lack of quantified proof of the benefit to support a large number of beams. Note that as a baseline, NR shall support N=1. Supporting of larger values shall be justified by performance. However, considering the benefit of reporting the configured PDCCH beams. The total number of beams to be reported can be large, depending on the detailed value of M and N. If such feature is supported, then differential L1-RSRP can be beneficial.
Proposal 8: Support differential L1-RSRP reporting if M+N > Z. FFS the value of Z, e.g., [8].
6. Beam indication for DL transmission
At the NR AH#3 meeting, the following was agreed for a general beam indication framework.
	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.


Signaling mechanism
Explicit signaling of the association between the N-bit indicator state and DL RS indices refers to the procedure that a UE measures a number of beams transmitted on a number of RS resources, and reports preferred beams with the RS index. Based on the reported RS index, the gNB provides an explicit association between the N-bit indicator and the DL RS indices. Such an explicit association shall be provided to the UE before the beam indication signaling. Explicit signaling is useful in the case that the gNB wants the UE to measure beams based on different transmission conditions, e.g., using wide beam vs. narrow beam, using single beam vs. multiple beams, etc. Based on UE’s reporting, the gNB will select a number of beams and their corresponding DL RS indices and associate them with a number of the N-bit indicator states. 
Implicit signaling of the association between the N-bit indicator state and DL RS indices avoids an explicit association between the N-bit indicator and the DL RS indices. For some beam management procedure, e.g., beam management configuration 1 or 2, the gNB configure (e.g., for periodic beam management) or trigger (e.g., for aperiodic beam management) a beam reporting, it provides an indicator state to inform the UE that the upcoming beam measurement and reporting is targeting at updating the beam pair link associated with the indicator state. 
Based on the above analysis of the use cases for explicit and implicit signaling, it is found that explicit signaling is useful at the initial stage for establishing a certain number of beam pair links. Implicit signaling is useful when updating some of the beam pair links. The benefit of implicit signaling vs. explicit signaling is that it avoids frequently transmitting the information to associate N-bit indicator state and DL RS indices. The limitation is that it limits the beam measurement flexibility. It seems to be beneficial only for beam management configuration 1 and 2 cases. 
Based on the above analysis, we propose the following.
Proposal 6: Support both explicit and implicit signaling to associate an indicator state to one DL RS index.
Proposal 7: Support explicit signaling to associate an indicator state to multiple DL RS indices.
6.1. Beam Indication for PDSCH
For beam indication for PDSCH, the following was agreed at the NR AH#3 meeting, which has defined a general signalling framework.
	Agreement:
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH



7. Summary
In this contribution, we provide further views on beam management for NR. Following is our proposals.
Proposal 1: For the configuration and transmission of SS-block, follow the design in initial access.
Proposal 2: Support configuration of SSB resources within a resource setting for beam management.
•	L1-RSRP measurement on these resources is reported.
Proposal 3: Confirm the following working assumption.
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE cannot assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols
Proposal 4: For periodic CSI-RS or multi-shot CSI-RS transmissions, the is repetition indicator always “off”.
Proposal 5: NR supports the following configuration at least for P1 beam management.
· A single resource set of CSI-RS for BM is configured in a resource setting. Repetition must be set to “OFF”;
· Semi-persistent transmission of the resource set;
· UE reports CSI-RS resource index CRI feedback.
Proposal 6: Support a report setting where L1-RSRP of configured PDCCH beams is periodically reported. 
Proposal 7: Support L1-RSRP only reporting on configured PDCCH beams.
Proposal 8: Support differential L1-RSRP reporting if M+N > Z. FFS the value of Z, e.g., [8].
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Appendix A: Discussion on Beam Management to Support Multi-Beam Transmission
To repsect decisions made at RAN#77 meeting on NR scope down selection, the main body of this contribution focus on single-beam transmission only. Here we provide information on our considerations on multi-beam transmission, which has been verified to have performance benefits by mutliple evaluation results. 
At the RAN1#90 meeting, the following was agreed to support group based beam reporting.
	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


As discussed in Section 2, the agreement on group-based beam reporting indicate that RAN1 shall support the two fundamental beam based transmission schemes, as listed in Section 2 as Scheme 1 and Scheme 2.
For Scheme 2, it is agreed that at least N=2 beams can be used for simultaneous reception for a single reception. In our previous contributions [3], it was verified that using 2-beam reception can bring performance benefit. Note that the two beams can be from two different TXRU within a same UE panel for different TXRUs from different UE panels. The performance benefit when assuming more than 2 beams is however not clear yet. Considering the time limit for Rel. 15 NR, it is proposed that for Rel. 15, it is only supported to report 2 beams within a group.
Observation A-1: In a beam reporting instance, a UE can be configured to report N=2 different TX beams that can be received simultaneously.
For beam indication for PDSCH, the following was agreed at the RAN1#90 meeting, which has defined a general signaling framework.
	Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 
· 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
· FFS: An indicator state may or may not also include other parameter(s), e.g., for PDSCH to RE mapping purposes analogous to PQI in LTE, other QCL parameters
· FFS: Whether or not an indicator state may be associated with more than one DL RS index
· FFS: PDCCH beam indication may or may not be based on the beam indication states for PDSCH


In addition, it was agreed as follows that the beam indication shall be within the overall QCL indication framework.
	Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication


Support of multiple DMRS groups
Based on the last agreements, beam indication for multiple DMRS groups is already supported. For different DMRS groups, they may be spatially QCL’d with RS within different RS sets. In that sense, supporting separate beam indication for different DMRS groups is already agreed.
Support of multiple beam indication
The underlying motivation of this feature is to allow the UE to use a composite RX beams, e.g., multiple beams from different panels, as illustrated in Figure 3 in Section 2.


Figure 6: example of association between QCL indicator and RS resrouce index to support transmission scheme 1 or scheme 2.
Observation A-2: Support a spatial QCL state which refers to multiple DL RS indices.
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