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1 Introduction

Further details on beam indication are discussed in this paper, to address some FFS from last meeting and followed email discussions, including beam indication for data channel, control channel, and for others such as reference signals.

2 UE assumptions on default beams
	Agreements: #90bis

· Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI
· For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication (ref:Annex) where no spatial QCL parameters are higher layer configured


At the initial stage, SS block beam is identified during initial access procedure, which is the only available beam before any further beam training. Thus it is reasonable to assume the SSB beam as the default beam before RRC connection, as well as in the case without any TCI state configurations in RRC.

Proposal 1: Support a default beam as the beam identified during initial access procedure, if no TCI states are configured in RRC.
If TCI states are configured in RRC, the following table can be established and maintained during the beam management procedure and it is agreed that this table will be explicitly signaled to UE for further beam indication.

Table 1 Mapping between TCI states, DL RS indexes

	TCI state
	RS set configuration

	[00]
	 SS Beam

	…
	…

	[10]
	CRI #x

	…
	…


On the UE side, the Rx information should also be maintained so that UE can determine it Rx per gNB indication. We show one simple example on how UE should maintain this information, in which Rx stands for the receive beam or any other receive parameters.

Table 2 Mapping between TCI states, DL RS indexes and UE Rx

	TCI state
	RS set configuration
	Info. on UE Rx 

	[00]
	 SS Beam
	Rx#a

	…
	…
	…

	[10]
	CRI #x
	Rx#z

	…
	…
	…


The initialization of this table should be at the initial stage by associating the coarse beam pair identified during initial access procedure with a default TCI state, e.g., [00]. 

Table 3 Initial Mapping between TCI states, DL RS indexes and UE Rx beams

	TCI state
	RS set configuration
	Info. on UE Rx beams

	[00]
	SS Beam
	Rx beam#0


If TCI states have been configured in RRC but no TCI field in DCI, UE can assume the default beam as the beam associated with the first TCI state, say TCI [00]. 
In addition, in the case that PDCCH and PDSCH are FDMed, from the robustness perspective, PDSCH reception could be done by using the same spatial filter for PDCCH. 

Proposal 2: Support a default data channel beam associated with TCI state [00], if TCI states are configured in RRC but no explicit TCI filed in DCI.

Proposal 3: Support to use PDCCH beam as the receive beam if PDCCH and PDSCH are FDMed.

	Agreements: #90bis

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

· Maximal number of configured Tx beams for beam measurement: K equals 64

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


With the first entry established as in Table 3, gNB can schedule some spatially QCLed and/or spatially non-QCLed CSI-RS resources and configure UE to do CSI-RS measurement and report for beam management. Upon receiving the request, UE shall measure and report the configured number of beams with corresponding RSRPs. 
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Figure 1 Beam indication establishment and maintenance
As in Figure 1, a configured maximal number of Tx beams can be reported by the UE in a beam report instance. gNB would select a subset of the reported Tx beams for further beam management and downlink data/control transmission. Each Tx beam can correspond to a DL RS index (e.g., CRI, SSB index). The gNB would further map/associate the selected Tx beams to TCI states which are represented by a few bits. For the illustration in Figure 1, a subset of the reported Tx beam and their associated TCI states can be represented as in Table 4. For conveying the three selected Tx beams among the four UE reported Tx beams, a similar mechanism as in LTE can be reused to simplify the design work in this example. A combinatorial index indicating the combination of the selected Tx beams can be indicated to the UE. As shown in Table 4, gNB select three Tx beams associated with CRI #2, #3, #4 among four Tx beams CRI #1, #2, #3, #4. Using combinatorial index equation, a value 
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 bits.
The mapping of the selected Tx beams to the TCI states can be, for instance, by a predefined ordering, more specifically, this can be based on the reported signal strengths of the selected Tx beams or the order of the beams in the beam report.

Table 4 Mapping between TCI states and CRIs at gNB

	TCI state
	RS set

	[00]
	CRI #0

	[01]
	CRI #2

	[10]
	CRI #3

	[11]
	CRI #4


Proposal 4: Support signalling the subset of Tx beams by conveying selected DL RS indices through a combinatorial index.
3 Beam indication
3.1 Bit length for TCI in DCI

	Agreements: #90bis

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

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

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


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

Proposal 5: Support UE to derive the bit-width of TCI in DCI from the higher layer parameter of SSB-transmitted.
3.2 Beam indication for CSI-RS

	Agreements: #90bis

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

QCL parameter

Reference RS

Target RS

Signalling mode

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

Spatial

SSB

P CSI-RS

RRC

Can be on different CCs/BWPs

Spatial

SSB

SP CSI-RS

SP CSI-RS activation signal 

Can be on different CCs/BWPs

Spatial

P CSI-RS

Another P CSI-RS

RRC

Can be on different CCs/BWPs

Spatial

SSB or P/SP CSI-RS

AP CSI-RS

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

Can be on different CCs/BWPs




During CSI acquisition, it is also beneficial to provide UE Rx beamforming guidance. For example, gNB can configure the port, time and frequency resource and related time domain behavior for a CSI-RS (say #x as the index). In addition, by indicating UE that CSI-RS #x is spatially QCLed with SSB/CRI#1 which UE measured and reported previously, UE could find the right spatial domain information and adjust its Rx parameter for a successful CSI-RS measurement. 
	RRC parameter list
SRS-SpatialRelationInfo
Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS



Similarly as the beam indication for SRS captured in RRC parameters, the beam indication for CSI-RS should also be captured.

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


Proposal 6: Support QCL indication CSI-RS-SpatialRelationInfo when triggering CSI-RS transmission, at least for the purpose of CSI acquisition. 
	Agreements: #90bis

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

· Single resource set with repetition = “OFF”

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

· Single resource set with repetition = “ON”

· UE does not report CRI


As to CSI-RS for BM, an information element (IE) indicating whether repetition is “ON/OFF” is agreed. The gNB Tx beam is assumed fixed if set as “ON”, which is suitable to indicate UE that this set of CSI-RS resources is used for P3 procedure, where gNB fixes its Tx beam and UE sweeps its Rx beam to select the best one. It is reasonable that, on the symbol configured with CSI-RS resource, UE shall not assume data transmission, at least for the UE which doesn’t support simultaneous multi-beam reception. On the other hand, if this IE is “OFF” for a set of single-symbol CSI-RS resources, it is suitable to indicate UE that this set of CSI-RS resources is used for P2 procedure, where gNB sweeps its Tx beams and UE fixes it Rx beams to select the best Tx beam to report. In this case, UE Rx beam stays the same to receive both PDSCH and CSI-RS, and the rate matching can be only around CSI-RS REs.

Proposal 7: Support UE to assume no data transmission on the OFDM symbols contains CSI-RS resources if the resource repetition IE is configured as “ON”, at least for the purpose of beam sweeping.

4 Timing issues
4.1 Offset related to data channel beam indication

	Agreements: #90bis

· TCI present: For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:

· The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.

· If the scheduling offset < threshold K: PDSCH uses a pre-configured / pre-defined / rule-based spatial assumption (details: FFS)

· FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.

· FFS: How to update pre-configured/pre-defined spatial assumption (if applicable)

· Threshold K can be based on UE capability only if multiple candidate values of K are supported. 

· If the scheduling offset >= threshold K: PDSCH uses the beam (spatial QCL parameter) indicated by the N-bit TCI field in the assignment DCI.


The offset threshold K, referred to as Threshold-Sched-Offset in the current draft of 36.214, is provided to address the UE decoding delay of the PDCCH. It was left FFS in RAN1#90bis to decide the UE behavior for communications that follows the reception of PDCCH, but before reaching this threshold. For example, the UE may take as default the spatial QCL assumptions corresponding to the latest CSI reporting by the UE including CRIs, rank, etc.
The example of Figure 2 compares the case that no part of the scheduled communication occurs before the threshold (Figure 2a) versus the case that an early portion of the scheduled communication falls before the threshold (Figure 2b). In Figure 2a, the scheduler has provisioned a gap between the PDCCH that indicates the beams and the PDSCH. In this figure, the UE is given sufficient time to decode the PDCCH, obtain the beam indication information and apply the beams in a timely manner to receive the PDSCH. In Figure 2b, however, for a PDSCH scheduled before the threshold, the UE has to assume default spatial QCL, e.g., corresponding to the UE’s latest CSI reporting. Once the threshold is reached, the UE switches to the newly indicated spatial QCL for the rest of the communication.
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Figure 2. Default beam application for communications that precede Threshold-Sched-Offset
An important issue for the case that part of the scheduled channel falls before the threshold and part of the channel continues after the threshold is that each part must contain DMRS with the proper QCL applied. In particular, if the two parts are aligned with slot boundaries, the UE will be able to demodulate each slot by using the front-loaded and additional DMRS contained in that slot.
Proposal 8: For communications that precede Threshold-Sched-Offset, the UE shall make the spatial QCL assumptions corresponding to the UE’s latest CSI reporting, if TCI field is present in DCI but scheduling offset is smaller than Threshold-Sched-Offset.
Furthermore, the threshold generally depends on the UE capability to decode the PDCCH and apply the indicated beams. A conservatively large choice for the threshold limits system performance for more capable UEs while a short value for the threshold would simply not work for a less capable UE. Therefore, we propose the following.
Proposal 9: Support different values for Threshold-Sched-Offset based on UE capability.

4.2 Offset related to control channel beam indication

RAN1 has been also discussing to mandate a minimum time period between beam indication of PDCCH and the application of the beam(s) for the corresponding channel.

	The minimum number of slots or symbols between transmission of indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB.


The discussion of the minimum time is meaningful considering UE capability. However, further details are still needed for the exact time that gNB and UE can apply the indicated beams, especially for the PDCCH.

One solution is to setup a timer (can simply following UE capability) for the validation of beam indication for PDCCH. Since it is agreed to be carried via MAC-CE and/or RRC, which takes some time for UE to read the configurations from a higher layer and apply them, a timer on both gNB and UE side is desirable to align the understanding of the beam pair links used for next PDCCH transmission. Also, it should be noted that the timer should start when the ACK to the configuration is transmitted/received at UE/gNB side. ACK from UE actually sends a confirmation to gNB that the configuration is successfully decoded.
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Figure 3 validation of PDCCH beam

Proposal 10: PDCCH beam configuration is validated at the expiry of a timer, which starts when the ACK to this configuration is transmitted/received at UE/gNB sides.

4.3 Timing information
When periodic/semi-persistent signals are configured/triggered for beam management, it is critical to pay extra attention to the timing information, since a same RS index may refer to a different RS transmitted/received in a totally different direction in beam-based system. One simple example is shown as follows, where a set of CSI-RS resources are triggered for P1, and it is configured with IE “ON” which means Tx beam is fixed in this set for all CSI-RS resources in one period. In a different time period, however, the Tx beam can be different. Simply reporting CRI would not provide enough information to gNB about which beam is reported exactly in the case and simply indicating CRI would not provide enough information to UE which beam is the exact receive beam. A timing information is a must in this case to distinguish the beams at both gNB and UE side.
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Figure 4 beam sweeping with one sets “ON”

The same story if a set of CSI-RS resources are configured with IE “OFF” for P1 that the timing information is needed in beam reporting for UE to inform gNB the selected Tx beams and in beam indication for gNB to inform UE the expected Rx parameters, as shown in the next figure.
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Figure 5 beam sweeping with one sets “OFF”
Similarly, for UL beam indication, which we will have a further discussion in the next section, the timing information should be also included to give UE correct information on Tx beam since same SRI may correspond to a different beam during beam management. One possible solution is to predefine or to indicate a timing information, say k2, and if the UE receives the SRI at slot n, UE should assume to use the last Tx beam corresponding to this specific SRI before slot n - k2. 
Proposal 11: Support beam reporting and beam indication with timing information.

5 UL beam indication 

5.1 Without beam correspondence

Beam management can also be conducted for UL alone if beam correspondence is not assumed. Analogy to its DL counterpart, UL TCI state can be used. And a logical mapping between UE Tx and gNB Rx beams and UL TCI state can be beneficial for subsequent UL beam indication. In particular, an example of such mapping is given in Table 5.
Table 5 Mapping between UL TCI states, UL RS indexes and UE Tx beams

	UL TCI state
	RS set
	Info. on UE Tx beam(s)

	[00]
	SRI
	Tx beam(s)

	…
	…
	…

	[10]
	SRI
	Tx beam(s)

	…
	…
	…


The establishment and maintenance of Table 5 can be done during UL beam management. An example starts from the very beginning that a simple mapping table with only one entry is maintained between gNB and UE as in Table 6, in which SRI#0 is spatially QCLed with the PRACH beam that UE used for access. Note that UE Tx information is not necessary to be known at gNB.
Table 6 Initial Mapping between UL TCI states, UL RS indexes and UE Tx beams 
	UL TCI state
	RS set
	Info. on UE Tx beams

	[00]
	SRI#0
	Tx beam#0


Then gNB configures UE to send SRS on several SRS resources per UE request (say SRI#1, #2, #3, #4). Based on SRS measurement, gNB can updates the mapping table by associating UL-TCI states, SRIs and/or UE Tx beams (if any) as in Table 7. 
Table 7 Mapping between UL TCI states, SRIs and UE Tx beams 
	UL TCI state
	RS set

	[00]
	SRI #0

	[01]
	SRI #2

	[10]
	SRI #3

	[11]
	SRI #4


Later, gNB sends Table 7 to update UE maintained mapping table to the format like Table 8. Note that the exact corresponding Tx beams can be known at UE side only.

Table 8 Mapping between UL TCI states, SRIs and UE Tx beams 
	UL TCI state
	RS set
	Info. on UE Tx beams

	[00]
	SRI #0
	Tx beam#0

	[01]
	SRI #2
	Tx beam#1

	[10]
	SRI #3
	Tx beam#2

	[11]
	SRI #4
	Tx beam#3


Till now, a logic and reduced mapping between UL-TCI states, SRIs and UE Tx beams has been established. 

5.2 With beam correspondence

With beam correspondence, for example, spatial QCL assumptions hold for {CR1#0, SRI#0} - {CR1#4, SRI#4} respectively in aforementioned examples of DL and UL reference signals, beam indication established and maintained in DL beam management based on DL RS measurement and report can be used in UL, and vice versa. More specifically, Table 1 can be used for UL beam indication, which implies the UE Rx beam used for CSI-RS reception should be used for UL transmission.
Although these two scenarios (with and without DL/UL beam correspondence) are targeting at different use cases, the signaling format for DL/UL beam indication can be common, but referring to different meaning in different scenarios. When DL/UL beam correspondence holds, such a TCI state can refer to the DL RS. When DL/UL beam correspondence does not hold, such a TCI state can refer to the DL RS and UL RS respectively. 
Proposal 12: Support a common DL/UL beam indication signaling format including UL TCI state to indicate spatial QCL assumption between UL transmission and UL SRS/PRACH, and indicating UL beam by DL TCI state if beam correspondence holds. 
5.3 Beam indication for SRS
	Agreements: #88

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

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

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


Both of these alternatives are suited to different situations as follows:

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

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

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

Proposal 13: Support gNB to configure which alternative (i.e. Alt 1 with gNB-transparent Tx beamformer or Alt 2 based on gNB indicated beamformer) shall be used for determination of UE Tx beamformer for SRS.
For the purpose of interference management and/or beam management, we additionally propose that, the gNB should have the capability to configure a subset of Tx beamformers which are available for selection at the UE. The UE should then select the best Tx beam-former (in a gNB transparent manner) from this subset, based on DL measurements for SRS transmission. This is a further enhancement of alternative 2.
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Figure 6 Differences between (a) gNB receiving on all beams for assigned SRS resources and (b) gNB receiving on selected set of beams for assigned SRS resource.
In addition to Alt 1 (UE applies gNB transparent SRS UE Tx beam-former), if the UE has already been involved in communications with the gNB and beam pair links between the UE and gNB have been established (at least at the UE) prior to the gNB SRS resources being scheduled, it is beneficial for the gNB to indicate to the UE which gNB receive beam will be used for each allocated SRS resource. This alleviates the need for gNB to listen on all receive directions for each configured and assigned SRS resource.

One way to indicate the gNB Rx beam for each allocated SRS resource for Alt 1 is to configure the SRS resource to indicate a DL reference signal (RS) resource (i.e. CSI-RS) which was transmitted (and received by the UE during DL measurements) and is in the same direction at the gNB as the assigned TRP Rx beam for the configured SRS resource. 

In this way, we propose, for Alt 1, that the SRS configuration indication of DL RS resource implicitly indicates the TRP Rx beam for the configured SRS resource, whereas for Alt 2 (as summarized above and previously agreed), the SRS configuration of DL RS resource implicitly indicates the UE Tx beam for  Tx/Rx beam-direction calibrated UEs. 

Proposal 14: Indication of gNB receive beam for each assigned SRS resource should also be supported for Alt 1 (i.e. UE applies transparent Tx beam-former for SRS).
6 Summary of proposals
In this paper, we have the following proposals (the RRC impacts are summarized in Annex):

Proposal 1: Support a default beam as the beam identified during initial access procedure, if no TCI states are configured in RRC.
Proposal 2: Support a default data channel beam associated with TCI state [00], if TCI states are configured in RRC but no explicit TCI filed in DCI.

Proposal 3: Support to use PDCCH beam as the receive beam if PDCCH and PDSCH are FDMed.
Proposal 4: Support signalling the subset of Tx beams by conveying selected DL RS indices through a combinatorial index.

Proposal 5: Support UE to derive the bit-width of TCI in DCI from the higher layer parameter of SSB-transmitted.
Proposal 6: Support QCL indication CSI-RS-SpatialRelationInfo when triggering CSI-RS transmission, at least for the purpose of CSI acquisition. 
Proposal 7: Support UE to assume no data transmission on the OFDM symbols contains CSI-RS resources if the resource repetition IE is configured as “ON”, at least for the purpose of beam sweeping.

Proposal 8: For communications that precede Threshold-Sched-Offset, the UE shall make the spatial QCL assumptions corresponding to the UE’s latest CSI reporting, if TCI field is present in DCI but scheduling offset is smaller than Threshold-Sched-Offset.

Proposal 9: Support different values for Threshold-Sched-Offset based on UE capability.

Proposal 10: PDCCH beam configuration is validated at the expiry of a timer, which starts when the ACK to this configuration is transmitted/received at UE/gNB sides.

Proposal 11: Support beam reporting and beam indication with timing information.

Proposal 12: Support a common DL/UL beam indication signaling format including UL TCI state to indicate spatial QCL assumption between UL transmission and UL SRS/PRACH, and indicating UL beam by DL TCI state if beam correspondence holds. 
Proposal 13: Support gNB to configure which alternative (i.e. Alt 1 with gNB-transparent Tx beamformer or Alt 2 based on gNB indicated beamformer) shall be used for determination of UE Tx beamformer for SRS.
Proposal 14: Indication of gNB receive beam for each assigned SRS resource should also be supported for Alt 1 (i.e. UE applies transparent Tx beam-former for SRS).
Annex

The following RRC parameters have been captured for BM.

Beam measurement related

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

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

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


Beam reporting related

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

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

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


Beam indication related

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

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

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

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

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


We propose to include the following RRC parameters.
From Proposal 1, 2, 3, 7: On default beam

· Beam identified during initial access procedure, if no TCI states are configured in RRC.
· Beam associated with TCI state [00], if TCI states are configured in RRC but no TCI field exists in DCI.

· PDCCH beam, if PDCCH and PDSCH are FDMed.

· The ones indicated for the latest similar channel, if TCI field is present in DCI but scheduling offset is smaller than Threshold-Sched-Offset.

From Proposal 5: To include CSI-RS-SpatialRelationInfo. 
From Proposal 8: To include Threshold-Sched-Offset.
From Proposal 9: To include a timer for PDCCH beam indication.

From Proposal 10: To include timing information, in both beam reporting and beam indication.

From Proposal 11: To include UL TCI states. 
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