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Introduction
This is a revision of Samsung’s contribution R1-1715964 submitted to RAN1 #90. This revision provides updated views on various DL beam indication aspects in NR. We refer the reader to our companion contributions [1]-[4] for discussion on related proposals on DL and UL beam management. A list of the agreements on beam indication from RAN1 NR AH3 is provided below. For PDSCH beam indication, it was agreed in RAN1 #90 to introduce the concept of an indicator state, which we suggest capturing in the specification, as a Transmission Configuration Indicator (TCI). A TCI provides a reference to one or two RS sets, which indicates a QCL relationship for one or two DMRS port groups. 
Agreement:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH
· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:
· SSB
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· The mechanisms used for different RS types are FFS
· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes
· FFS: Value of N, where N is at most [3] bits
Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.
Agreement:
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
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

Downlink beam indication
 Significant progress was made in RAN1 meetings #90 and NR AH3 on the beam management topic. A key step was to establish a common framework for PDSCH and PDCCH beam indication. Per this framework, RRC configures a set of M Candidate Transmission Configuration Indication (TCI) states where each TCI state contains a reference to an RS Set comprising one or more DL RS index(-es), for purposes of providing QCL reference for either PDSCH or PDCCH reception. If there is more than one DL RS index within an RS set, each RS index within that set may provide different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with Doppler spread and Doppler shift. Thus, a TCL state acts as a pointer for the UE to determine which RS set (or DL RS index (-es)) the UE should use in order to determine its QCL references for the DM-RS ports associated with PDSCH and/or PDCCH.
For PDCCH reception, the QCL reference is configured by signalling the association of either a CORESET or Search Space (decision of whether to use CORESET or Search Space is FFS) to a TCI state. The RS Set linked to the TCI state will provide the QCL reference for the PDCCH. It has also been agreed in prior RAN1 meetings that the configuration of PDCCH beam indication will be performed via RRC/RRC + MAC-CE signalling and the need for DCI signalling is FFS.
NR will support dynamic beam indication for PDSCH. To facilitate such a functionality, in RAN1 #90, it was agreed to introduce an N-bit Indicator State (IS) field in the DL-related DCI field for PDSCH beam indication. The meaning of the IS field in the DCI, including how to associate it to a TCI state for purposes of determining the PDSCH beam indication are FFS. One line of thought is to have a 1-1 mapping between the set of RRC configured candidate TCI states (of cardinality M) and the number of indicator field states in the DCI (= 2^N). Alternatively, one could configure M > 2^N and use higher-layer signalling could indicate which set of 2^N states among the M candidate states are activated at any given time. Such type of functionality may be useful if it desired to have different set of TCI states (beams) for purposes of PDSCH and PDCCH beam indication. On a separate thread, whether the N bit indicator field is always present in a given DL-related DCI, and whether the beam indication field is contained within the DL assignment DCI or can be separate are still FFS. 
Lastly, the 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. In the following sub-sections, we provide detailed proposals on how to address the above FFS issues.
Configuration of QCL reference
The configuration of QCL reference for beam indication can be broken into two steps:
Step 1 [initialization]: RRC provides one RS set per TCI state, such that the DL RS index (-es) inside that RS set provides candidate QCL references (including spatial RX parameters) used to receive the DM-RS for PDSCH and/or PDCCH. For purposes of PDCCH reception, the CORESET/Search Space configuration will include a reference to one TCI state. The DL RS index (-es) linked to that TCI state will provide QCL reference for the PDCCH-DMRS reception within that CORESET/Search Space.
Step 2 [update]: For configuration of QCL reference for PDSCH and PDCCH, MAC-CE signalling can be considered to explicitly update the association between a TCI state and the ID of a DL RS(s). In case of PDSCH, additionally an implicit update (e.g. via DCI signalling) of the association of a QCL reference to a TCI state can be further considered if a compelling need is identified.
Details of step 1 (RRC configuration)
The initial RRC configuration can set up a small number of TCI states relative to the total number of candidate beams (e.g. 256 CRI values). The RRC configuration could associate a TCI state to either SSB or P/SP CSI-RS. For association of a TCI state to an AP CSI-RS resource, it is preferred to use faster signalling (L1/L2 based). Refer 2.3 for details. Example RRC configurations of TCI States and CORESETs are provided in Table 1 and Table 2 respectively.
[bookmark: _Ref492757533]Table 1: RRC Configuration for PDSCH Beam Indication
	TCI State (up to M states)
	RS Set (s) [type = SSB or P/SP CSI-RS]

	0
	RS Set 1

	1
	RS Set 2

	2
⁞
	RS Set 3
⁞

	
	RS Set M



[bookmark: _Ref492581333]Table 2: RRC Configuration for CORESET (s)
	CORESET
	TCI State

	0
	TCI State 1 (between 0 and M – 1)

	1
	TCI State 2 (between 0 and M-1)



Regarding the relationship between the number of TCI states M and the number of indicator states (ISs) in the N-bit DCI field for QCL indication for PDSCH, the motivations provided by the proponents for M > 2^N is as follows: First, the network can flexibly configure an arbitrary subset of 2^N ISs within the candidate pool of M states for beam indication purposes. Second, having the gNB could maintain separate list of TCI states for beam indication for PDSCH and PDCCH. 

In our view, choosing M > 2^N and having an intermediate signalling procedure to indicate which of the subset of states is activated is unnecessary. Both of the above motivations could be realized even using M = 2^N as long as the specification provides hooks to ensure that a) network can flexibly update the association of TCI states to QCL references, and b) flexibly configure QCL references for PDSCH and PDCCH for various use-cases (e.g. PDSCH beams and PDCCH beam are independently configured or are the same, what are the QCL references for receiving PDSCH/PDCCH etc.). 

A related issue is regarding the topic of “FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes”. If a TCI state is used for signaling rate matching information, the number of TCI states to handle different combinations of rate matching could grow quite large considering the lack of cell-specific RS in NR. From a specification and signaling design perspective, it may be simpler to separately signal the rate-matching assumptions of the UE within the scheduling DCI, and simply use the indication field in the DCI message to configure only the QCL assumptions for PDSCH reception. The same framework applies for both mmWave and sub-6GHz operation, the only difference is no QCL reference relating to spatial Rx parameters is needed for sub-6GHz operation.

[bookmark: _Ref494370860]Proposal 1: The number of candidate TCI states M is set equal to the maximum number of indicator states (2^N) in the DCI field. The term “TCI” is also used to refer to the N-bit indicator state (in the DL DCI) which is used for indication of the QCL reference for receiving PDSCH.
Proposal 2: The TCI field in the DCI is only used to signal the QCL related parameters for reception of PDSCH. The TCI field does not carry any additional information (e.g. rate-matching related). The meaning of the IS field in the DCI stays the same irrespective of the frequency band of operation.
Proposal 3: A maximum of M = 16 TCI states can be RRC configured. 
· The RRC configuration of a TCI state can be used to associate it to a NZP CSI-RS (P/SP CSI-RS) or SSB. RRC configuration of TCI state to AP CSI-RS is not supported. 
· The number of bits used in the DCI field for purpose of PDSCH beam indication is set to equal log2 (M) = 4 bits.
The association between the TCI states and the DL RS index(-es) within an RS set also involves the signalling of the QCL parameters (chosen within Average gain, Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (above 6 GHz)) associated with each index. Per our analysis in [8], at least the following 3 parameter sets could be supported in NR namely {Average Gain, average delay, delay spread}, {Doppler shift, Doppler spread} and {Spatial Rx parameters}. A 3-bit bit map could be provided per DL RS index within the RS set to indicate which QCL parameter set is provided by that DL RS index. 
Proposal 4: A 3-bit bitmap is configured per DL RS index within the RS set for indication of the following QCL parameter set provided by that DL RS index.
· Parameter set 1: {Average gain, Average delay, Delay spread}
· Parameter set 2: {Doppler shift, Doppler Spread}
· Parameter set 3 [only for mmWave]: {Spatial Rx}
Details of step 2 (update mechanism)
Due to UE mobility, orientation and environmental effects such as blockage, it is inevitable that the preferred TX-RX beam pair for both PDSCH and PDCCH could vary as a function of time. To facilitate beam tracking, RAN1 has agreed to introduce beam group reporting wherein the UE reports its preferred set of TX beams for each RX beam set. Based on the UE feedback, the gNB has the flexibility to configure (replace) the QCL reference for a given TCI value with a different set of DL RS index (-es). 
Explicit update of QCL reference for TCI state
To enable update of QCL reference to occur on a faster time-scale compared to RRC, MAC-CE signalling can be used. The signalling could consist of a TCI state and a set of DL RS index (-es), including their QCL parameters, which provide the updated QCL reference for that state. This operation can be implicitly done by using activation/deactivation of SP CSI-RS. Since there can be multiple SP CSI-RS resources inside a resource set, only activated resources can be used for TCI state. By combining the indication of TCI state and associated SP CSI-RS activation, separate activation/deactivation signalling via MAC CE is not needed. The expected UE behavior, upon reception of the MAC-CE is to replace its RS set for that TCI state, with the activated DL RS index (-es) and QCL parameters indicated inside the MAC-CE payload. For PDSCH reception, when the UE receives a DCI containing the beam indication field pointing to that TCI state, the UE subsequently uses the new DL RS index (-es) to determine its updated QCL parameters to receive its PDSCH-DMRS ports. The QCL reference for CORESETs/search spaces (configured with that TCI value) is also updated correspondingly. Refer Figure 1 for a conceptual view.



[bookmark: _Ref494299784]Figure 1: Conceptual view of the beam indication update framework
Proposal 5: MAC-CE signalling is used to associate for a TCI state, an updated list via activation/de-activation of the corresponding DL RS, providing QCL reference for that state. The UE assumes it is an error case if it receives a DL DCI consisting of a TCI state which is not associated to an activated resource. 
· Upon reception of the MAC CE at time n, the expected UE behavior at time n + d (d: FFS) is to apply the updated QCL reference for that TCI state for PDSCH and for PDCCH if the corresponding CORESET/SS is configured with that TCI state.


[bookmark: _Ref494456557]Figure 2: Example operation with multiple CORESETs

From a multi-user scheduling perspective, to facilitate beam grouping of multiple users falling within identical beam coverage to reuse the same CORESET resource, it may also be beneficial to provide the hooks to flexibly activate/deactivate CORESET/SS. As an example, consider a scenario shown in Figure 2 consisting of UEs 1-4. The UE of interest (UE1) is configured with two CORESETs with IDs 1 and 2. Assume that the CORESETs are cell-specifically configured on non-overlapping resources (time, frequency and beams) i.e. from a transmission perspective, CORESET 1 and 2 use different time, frequency and beam resources (via DL RS 1 and DL RS2) respectively. 
As part of UE-specific higher-layer configuration for UE1, both its configured CORESETs are identically associated to TCI = 1 (QCL reference = DL RS Index 1). Since UE1 falls within beam coverage of CORESET 1 (DL RS Index 1), for minimizing blind decoding operations, the network could activate CORESET 1 while CORESET 2 could be configured inactive. From a UE perspective, UE1 monitors PDCCH on the occasions of CORESET 1 however it does not monitor CORESET 2 for PDCCH. 
Suppose now that UE1 moves to the coverage area within CORESET2 i.e. UE1 notifies the gNB that DL RS Index 2 is its preferred beam. Following the reception of UE measurement reports, the gNB could explicitly notify the UE to associate TCI = 1 to use DL RS Index 2 as QCL reference. The gNB could subsequently de-activate CORESET 1 and activate CORESET2 at UE1. Since UEs 1 – 4 now fall within the beam coverage of CORESET2, the control channel overhead is significantly reduced. From a rate matching perspective, UE1 can assume that its PDSCH is not rate-matched around CORESET1 since CORESET1 is deactivated and so it does not need to monitor PDCCH on CORESET1. This implies improved data channel efficiency and overall improved system operation. Indication of CORESET deactivation is also results in power reduction at the UE due to fewer blind decodes.
Proposal 6: Consider signalling to deactivate a CORESET for power reduction at the UE and improving multi-user scheduling efficiency. UE assumes that its PDSCH can overlap (if applicable) on deactivated CORESET resource (s).
Implicit update of QCL reference for TCI state
To employ refined beams for receiving PDSCH, the gNB could dynamically trigger beam refinement procedures via P2/P3 DCI messages and provide QCL reference via an “on-demand” resource such as AP CSI-RS which could provide refined beams. The QCL reference for receiving the triggered set of AP CSI-RS resources could be provided either through including a TCI field in the triggering DCI or by assuming that the AP CSI-RS resources follow identical QCL reference as the PDCCH-DMRS containing the triggering DCI. 
In an implicit update mechanism, following measurement, the UE independently updates the RS set (associated to the TCI value included within the DCI) to replace the RS providing spatial Rx parameters with the ID of the preferred AP CSI-RS resource among the triggered AP CSI-RS set. Considering the well-proven nature of explicit update signalling for indicating association between a TCI state and an AP CSI-RS resource, in our view, the need for implicit update of QCL reference should be studied further. Even if supported, it is unclear whether the implicit update mechanism could be used to update the QCL reference for PDCCH, since the main motivation for triggering AP CSI-RS is for training the UE to receive narrow beams which are more relevant for PDSCH reception. One way to facilitate whether or not refined beams can be used for receiving the PDCCH-DMRS on a CORESET is to introduce a higher-layer CORESET parameter which determines whether or not the QCL reference for that CORESET may be implicitly updated via DCI triggering of AP CSI-RS. If the parameter disables dynamic QCL update of a CORESET via implicit mechanism, then the QCL reference for that CORESET will be obtained via the most recent RRC/RRC + MAC-CE signalling received for that CORESET. If that parameter is enabled, the QCL reference for that CORESET may be dynamically updated via implicit mechanism. 
Proposal 7: The determination of QCL reference for a set of AP CSI-RS resources triggered via DCI is per the following procedure:
· If the triggering DCI includes a TCI field, the DL RS index (-es) linked to that TCI field provide QCL reference for reception of triggered AP CSI-RS resource set. 
· If the triggering DCI does not include a TCI field, the DL RS index (-es) linked to the TCI field of the CORESET containing the scheduling DCI provide QCL reference for reception of the triggered AP CSI-RS resource set.
· FFS on implicit update mechanism: Following measurement on the AP CSI-RS, the UE replaces the QCL reference for the TCI field (either indicated in the DCI or corresponding to the CORESET) with the preferred AP CSI-RS resource among the triggered AP CSI-RS resources
Proposal 8: If implicit update mechanism is supported, introduce a higher-layer CORESET parameter which determines whether or not the QCL reference for a CORESET can be updated via the implicit mechanism.
Relationship between beam indication for PDSCH and PDCCH
The following use-cases could be considered further as part of the beam indication design for PDSCH and PDCCH.
Use-case 1: The PDSCH and the CORESET carrying the scheduling PDCCH are received using independent QCL references. This use-case is quite natural and can be addressed via a combination of the explicit and implicit mechanisms described in previous sections.
Use-case 2: The PDSCH and the CORESET carrying the scheduling PDCCH are received using identical QCL references. This may be useful for following motivations:
1. simplifies beam indication procedures
2. facilitating potential fall-back operation (e.g. PDSCH follows PDCCH beam)
3. removes the need for including a IS state in the DCI facilitating improved control channel coverage
Support for Fall-back CORESET
To facilitate the fall-back option described in use-case 2, higher-layers could configure the UE such that it assumes that the QCL parameters to receive PDSCH are identical to the scheduling PDCCH. One way is that the CORESET configuration could include whether or not a TCI field is present/absent within DCI messages sent via that CORESET. If the parameter is enabled, any DCI message carried within the CORESET includes a TCI field, and such a fall-back CORESET could be used to transmit PDSCH using identical beam(s) as the scheduling PDSCH. When the UE detects a DCI scheduled within a fall-back CORESET, the UE assumes that the DL RS associated with the TCI also provides QCL reference for PDSCH in case of a DL assignment DCI. If disabled, then the UE assumes that TCI field is not present within any DCI message delivered via that CORESET. The UE would apply the same QCL reference associated with the CORESET for receiving the PDSCH/AP CSI-RS scheduled on that CORESET.
Proposal 9: To support fall-back operation of PDSCH, support configuration of a “fall-back” CORESET. Whether or not a CORESET is configured as fall-back is provided through a CORESET-specific higher layer Boolean parameter.
· If set true, the CORESET is configured as a fall-back CORESET. No TCI field is present within DCI messages carried within a UE-specific PDCCH on a CORESET. 
· If set false, the CORESET is configured as a non-fall-back CORESET. A TCI field may be present within DCI messages carried within a UE-specific PDCCH on a CORESET. 
Proposal 10: If the UE detects a DL assignment in a fall-back CORESET, the UE applies the QCL reference for the PDSCH identically as that used for receiving its scheduling PDCCH (irrespective of same slot or cross-slot scheduling).
Whether or not a beam indication field is contained in the same DCI as a DL assignment
One last issue in the beam indication topic is whether or not the DCI containing the TCI field conveying QCL parameters for PDSCH reception is identical to the DCI containing the DL assignment. The oft-cited reason for separating the DCI containing the beam indication from the DCI carrying the DL assignment is to provide the UE adequate time to apply the spatial QCL parameters (relative to the time of indication of the QCL parameters) for buffering up potential PDSCH samples. 
[bookmark: _GoBack]In our view, having a single DCI conveying both the DL beam indication and the DL assignment suffices as long as the specifications provide a mechanism to derive QCL reference for same-slot and cross-slot PDSCH scheduling. For example, same-slot scheduling could be facilitated by the PDSCH following the QCL reference as the scheduling PDCCH, while dynamic beam indication could be supported only for cross-slot scheduling.
Proposal 11: The indication of the beam indication is contained in the same DCI as the DL assignment irrespective of whether the DL assignment corresponds to same slot scheduling or cross-slot scheduling.
Timing relationship between indication of spatial QCL and reception of PDSCH
One consideration is the necessity of DL beam indication. The reason why we need spatial QCL indication is because a UE implementing multiple analog beams needs to select one beamforming direction from multiple beams. If a UE only implement one fixed receive beam to receive downlink channels, the spatial QCL indication is not necessary for that UE. The UE should report to the NW whether it needs beam indication or not so that the NW can configure TCI states accordingly. Furthermore, such reported information can be used to assist gNB to configure CSI-RS for beam management. For example, if a UE only implements a fixed Rx beam, then the gNB does not need to configure CSI-RS for P3 procedure, i.e., UE Rx beam sweeping operation.  
Another consideration is the timing between spatial QCL indication and reception of the PDSCH. For analog beamforming, the receiver needs to know the proper Rx beam information and then switch to the proper receive beamforming direction no later than the starting time of expected downlink channel so that the receiver can buffer the downlink symbols properly. Particularly, to receive a UE-specific PDSCH, a UE needs to obtain the spatial QCL configuration from the DCI and switch to the proper receive beamforming no later than the starting time of the PDSCH. There exists a concern on the timing between scheduling DCI carrying the TCI and the scheduled PDSCH due to the above reason. The UE needs to complete the DCI decoding and obtain the TCI information before the starting time of the corresponding PDSCH allocation. Some solution is needed to resolve this concern. Please see our companion contribution [4] for more detailed discussion. Here we make the following proposal:
Proposal 12: (1) The spatial QCL indication for cross-slot scheduling PDSCH is signalled by the TCI field in the same assignment DCI; (2) the spatial QCL indication for same-slot scheduling PDSCH is configured by other method: e.g., using the QCL configuration of the CORESET where assignment DCI is detected, configuring through higher-layer signalling. (3) NR supports UE to report whether DL beam indication is needed or not.
Conclusions
In this contribution, we discussed further DL beam indication details. Our proposals are given below.
Proposal 1: The number of candidate TCI states M is set equal to the maximum number of indicator states (2^N) in the DCI field. The term “TCI” is also used to refer to the N-bit indicator state (in the DL DCI) which is used for indication of the QCL reference for receiving PDSCH.
Proposal 2: The TCI field in the DCI is only used to signal the QCL related parameters for reception of PDSCH. The TCI field does not carry any additional information (e.g. rate-matching related). The meaning of the IS field in the DCI stays the same irrespective of the frequency band of operation.
Proposal 3: A maximum of M = 16 TCI states can be RRC configured. 
· The RRC configuration of a TCI state can be used to associate it to a NZP CSI-RS (P/SP CSI-RS) or SSB. RRC configuration of TCI state to AP CSI-RS is not supported. 
· The number of bits used in the DCI field for purpose of PDSCH beam indication is set to equal log2 (M) = 4 bits.
Proposal 4: A 3-bit bitmap is configured per DL RS index within the RS set for indication of the following QCL parameter set provided by that DL RS index.
· Parameter set 1: {Average gain, Average delay, Delay spread}
· Parameter set 2: {Doppler shift, Doppler Spread}
· Parameter set 3 [only for mmWave]: {Spatial Rx}
Proposal 5: MAC-CE signalling is used to associate for a TCI state, an updated list via activation/de-activation of the corresponding DL RS, providing QCL reference for that state. The UE assumes it is an error case if it receives a DL DCI consisting of a TCI state which is not associated to an activated resource. 
· Upon reception of the MAC CE at time n, the expected UE behavior at time n + d (d: FFS) is to apply the updated QCL reference for that TCI state for PDSCH and for PDCCH if the corresponding CORESET/SS is configured with that TCI state.  
Proposal 6: Consider signalling to deactivate a CORESET for power reduction at the UE and improving multi-user scheduling efficiency. For deriving its rate-matching assumptions for PDSCH demodulation, a UE assumes that its PDSCH can overlap (if applicable) on deactivated CORESET resource (s).
Proposal 7: The determination of QCL reference for a set of AP CSI-RS resources triggered via DCI is per the following procedure:
· If the triggering DCI includes a TCI field, the DL RS index (-es) linked to that TCI field provide QCL reference for reception of triggered AP CSI-RS resource set. 
· If the triggering DCI does not include a TCI field, the DL RS index (-es) linked to the TCI field of the CORESET containing the scheduling DCI provide QCL reference for reception of the triggered AP CSI-RS resource set.
· FFS on implicit update mechanism: Following measurement on the AP CSI-RS, the UE replaces the QCL reference for the TCI field (either indicated in the DCI or corresponding to the CORESET) with the preferred AP CSI-RS resource among the triggered AP CSI-RS resources
Proposal 8: If implicit update mechanism is supported, introduce a higher-layer CORESET parameter which determines whether or not the QCL reference for a CORESET can be updated via the implicit mechanism.
Proposal 9: To support fall-back operation of PDSCH, support configuration of a “fall-back” CORESET. Whether or not a CORESET is configured as fall-back is provided through a CORESET-specific higher layer Boolean parameter.
· If set true, the CORESET is configured as a fall-back CORESET. No TCI field is present within DCI messages carried within a UE-specific PDCCH on such a CORESET. 
· If set false, the CORESET is configured as a non-fall-back CORESET. A TCI field may be present within DCI messages carried within a UE-specific PDCCH on such a CORESET. 
Proposal 10: If the UE detects a DL assignment in a fall-back CORESET, the UE applies the QCL reference for the PDSCH identically as that used for receiving its scheduling PDCCH (irrespective of same slot or cross-slot scheduling).
Proposal 11: The indication of the beam indication is contained in the same DCI as the DL assignment irrespective of whether the DL assignment corresponds to same slot scheduling or cross-slot scheduling.
Proposal 12: (1) The spatial QCL indication for cross-slot scheduling PDSCH is signalled by the TCI field in the same assignment DCI; (2) the spatial QCL indication for same-slot scheduling PDSCH is configured by other method: e.g., using the QCL configuration of the CORESET where assignment DCI is detected, configuring through higher-layer signalling. (3) NR supports UE to report whether DL beam indication is needed or not.
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