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Introduction
In this contribution we discuss some of the remaining details for beam management. The agreements from past meetings to which we refer are contained in the Appendix.
[bookmark: _Ref178064866]Discussion
TCI Framework
Figure 1 shows an example configuration of the TCI framework that has been discussed over the past several meetings, and for which several agreements have been made. The purpose of the framework is to provide the UE with QCL reference(s) for demodulation of PDSCH/PDCCH. In this example, the UE is configured with 4 TCI states and 2 CORESETs and for simplicity of illustration, the CSI-RS used for CSI acquisition is not shown/not configured.
Agreement #1 says that a TCI state contains a reference (an ID) to a DL RS to be used for spatial QCL purposes. The DL RS can be one of periodic (p)-CSI-RS, semi-persistent (sp)-CSI-RS, aperiodic (ap)-CSI-RS, or SSB. Figure 1 shows all 4 types for exemplary purposes represented by a link from a TCI state to an CSI-RS or SSB. Agreement #1 also says that a TCI state can contain a reference to other RS types depending on the outcome of the QCL agenda item. 
Based on agreements from the last two meetings as well as proposals in our contribution in the QCL agenda item [1], we propose that that a TCI state can be configured with a reference (an ID) to a p-CSI-RS used for time/frequency tracking purposes (TRS) or alternatively a CSI-RS used for CSI acquisition, with respect to all 4 time/frequency QCL parameters for both sub-6 GHz and mm-wave. Figure 1 thus shows the former case where a link between each TCI state and a TRS, representing the RRC configuration of a TRS ID within the TCI state.
[bookmark: _Toc498545353][bookmark: _Toc498545537][bookmark: _Toc498549931][bookmark: _Toc498556389][bookmark: _Toc498720741][bookmark: _Toc499197928]The RRC configuration of a TCI state may contain the ID of a p-CSI-RS used for time/frequency tracking purposes (TRS), the ID of a p-CSI-RS used for CSI acquisition or the ID of an SSB to serve as the time/frequency QCL reference (source) for the target PDSCH / PDCCH DMRS.
Note that if a periodic CSI-RS for CSI acquisition is configured as well, then this CSI-RS can be the source RS for the DMRS indicated by the TCI state and that CSI-RS is then in turn QCL with the TRS, where TRS is the source. See further [1] for an illustration of this configuration. 
Agreement #2 says that the QCL configuration for PDCCH is provided by a reference to a TCI state. In that agreement it was FFS whether this reference should be configured on a per CORESET or a per-search space basis. This was decided in email discussion [90b-NR-23] to be on a per-CORESET basis as shown in Agreement #3. For exemplary purposes, Figure 1 shows two configured CORSETs, one with a reference to TCI state 0 and the other to TCI state 1, representing each of two beam pair links (BPLs) respectively. The solid line represents that this link is RRC configured. In this way, the UE has all needed QCL relations (time/frequency/spatial) for demodulation of PDCCH candidates in each of the CORESETs.
[bookmark: _Toc498545354][bookmark: _Toc498545538][bookmark: _Toc498549932][bookmark: _Toc498556390][bookmark: _Toc498720742][bookmark: _Toc499197929]A CORESET configuration contains an information element that provides a reference to a single RRC configured TCI state.
According to agreements #1 and 6, QCL for PDSCH is indicated by the TCI field in the same DCI that schedules PDSCH, irrespective of same-slot or cross-slot scheduling. With the TCI framework shown in Figure 1, all needed QCL relations (time/frequency/spatial) for demodulation of PDSCH are provided to the UE dynamically by DCI indication of a TCI state.
[image: ]
[bookmark: _Ref498531956]Figure 1: Example configuration of the TCI framework showing M = 4 states
As shown in Agreement #4, the ID of a DL RS for a TCI state used for the purposes of spatial QCL is either RRC configured or dynamically updated via a combination of RRC + MAC-CE. This is indicated in Figure 1 by the dashed lines from each TCI state to a DL RS (SSB or CSI-RS). Figure 2 illustrates how this can work for a given TCI state. The TCI state is first configured with a set (list) of IDs of RRC configured “candidate” DL RS resources to be used for spatial QCL purposes. The RRC configured DL RSs can be periodic p/sp/or ap-CSI-RS resources or SSBs. To support P3, tt should also be possible to include the IDs of CSI-RS resource sets in the list.
Analogous to the resource activation/deactivation mechanism in LTE, MAC-CE then selects the ID of a DL RS to be associated with the TCI state to be used for spatial QCL purposes for demodulation of PDSCH and, depending on if a CORESET is linked to this state, also PDCCH. Figure 2 also shows how the TCI state can be updated by a second MAC-CE message later in time that selects a new DL RS from the list.
[bookmark: _Toc498545355][bookmark: _Toc498545539][bookmark: _Toc498549933][bookmark: _Toc498556391][bookmark: _Toc498720743][bookmark: _Toc499197930]The RRC configuration of a TCI state contains a set (list) of p-, sp-, or ap-CSI-RS resource IDs and/or a set (list) of SSB IDs and/or a set (list) of CSI-RS resource set IDs used for beam management. For a given TCI state, MAC-CE selects one of the resource IDs from the RRC configured list to serve as the spatial QCL reference (source) for the target PDSCH / PDCCH DMRS.
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[bookmark: _Ref498541898]Figure 2: Example TCI state configuration showing set (list) of RS IDs, of which one is selected by MAC-CE during an explicit TCI update step
After RRC configuration of the TCI states, it takes some time before a TCI state is usable for QCL indication for PDSCH/PDCCH. The ambiguity period consists of the time taken for the UE to perform beam management measurements, provide reports to the gNB, and for the UE to successfully apply the MAC-CE control message signaled by the gNB for selection of a DL RS. During this ambiguity period, a default spatial QCL relation is needed. We propose that the SSB that the UE determines during initial access (RACH) is used as the default spatial QCL relation. Alternatively, this SSB can be included as the first element in the of DL RSs configured in a TCI-state and be used by the UE as the default RS for spatial QCL purposes priori to MAC-CE selection of another DL RS.
[bookmark: _Toc498545356][bookmark: _Toc498545565][bookmark: _Toc498549936][bookmark: _Toc498556394][bookmark: _Toc498719908][bookmark: _Toc498720746][bookmark: _Toc499197976][bookmark: _Toc499216799][bookmark: _Toc499216813]Prior to MAC-CE selection of the spatial QCL reference in a TCI state, the UE may assume that PDSCH / PDCCH DMRS is spatially QCL with the SSB determined during the initial access (RACH) procedure.
It should be noted that the TCI framework shown in Figure 1 is suitable for mm-wave operation. For sub-6 GHz operation, beam management is not expected to be needed, thus the TCI states need not be configured with a spatial QCL reference. Consequently, the MAC-CE update mechanism described above is not needed.
[bookmark: _Toc498545093][bookmark: _Toc498549926][bookmark: _Toc498556386][bookmark: _Toc498720737][bookmark: _Toc499197892]For sub-6 GHz operation, a spatial QCL reference need not be configured in each TCI state. Consequently no MAC-CE update mechanism for a TCI state is needed.
As shown in Agreement #1, the number of configured TCI states is M, and whether M is equal to or larger than 2N is for further study, where N is the size of the TCI field in DCI. Furthermore, Agreement #7 provides two alternatives for the TCI field size for down-selection in RAN1#91 – either fixed 2 or 3 bits or configurable between 2 or 3. In LTE, where sub-6 GHz operation is typical, the PQI framework consists of 4 states (2 bit PQI field in DCI format 2D) and is used to support up to 4 TRPs. In NR, similar operation for sub-6 GHz is envisioned. 
For mm-wave bands, where both multi-TRP and multi-beam operation with analog beamforming is envisioned, it may be beneficial to extend the number of states by increasing the TCI field size. Hence, in our view 3 bits (8 states) seems like a reasonable target. We don’t see a need for the TCI field size to be configurable, as this adds unneeded complexity. Nor do we see a need to support M > 2N. With the MAC-CE mechanism described above based on selection of candidate RSs for each state, we don’t see a benefit from configuring more TCI states than there are DCI bits for TCI and then using MAC-CE to down-select. Hence we propose the following
[bookmark: _Toc498545357][bookmark: _Toc498545540][bookmark: _Toc498549934][bookmark: _Toc498556392][bookmark: _Toc498720744][bookmark: _Toc499197931]Support Alt-1 for the TCI field size, i.e., the size of the TCI field (if present) in DCI, is fixed, and the fixed value is N = 3 bits.
[bookmark: _Toc498545358][bookmark: _Toc498545541][bookmark: _Toc498549935][bookmark: _Toc498556393][bookmark: _Toc498720745][bookmark: _Toc499197932]The maximum number of configured TCI states is Mmax = 2N, where N = 3 is the number of bits in the TCI field (if present) in DCI.
In Agreement #5, for the case when spatial QCL indication (beam indication) is used, but the TCI field is configured to be not present in DCI, the following item is FFS:
· 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

In our view, if the TCI field is not present in DCI, then it is natural that the PDSCH “follows” PDCCH. In other words, the UE should assume that the PDSCH DMRS is QCL with the DL RS(s) in the TCI state which is “linked” to the CORESET containing the detected PDCCH that carries the PDSCH scheduling DCI.
[bookmark: _Toc498549937][bookmark: _Toc498556395][bookmark: _Toc498719909][bookmark: _Toc498720747][bookmark: _Toc499197977][bookmark: _Toc499216800][bookmark: _Toc499216814]When TCI is not present in DCI, the UE can assume that the PDSCH DMRS is QCL with the DL RS(s) in the TCI state which is “linked” to the CORSET containing the detected PDCCH carrying the PDSCH scheduling DCI.
In Agreement #6, for the case when spatial QCL indication (beam indication) is used, and the TCI field is configured to be present in DCI, but same-slot scheduling is used, the following items are FFS:
· 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. 

For the case of same-slot scheduling with analog beamforming at the UE, there may be a period of time before the UE has finished decoding the DCI in PDCCH, but after which it has started to receive PDSCH. During this period of time, and potentially the rest of the slot, the UE needs to know how to set its receive beam without the benefit of knowing the spatial QCL indicated by TCI in DCI. In our view, it makes sense to use the most recently indicated TCI from a previous slot for time/frequency/spatial QCL assumptions.
[bookmark: _Toc498549938][bookmark: _Toc498556396][bookmark: _Toc498719910][bookmark: _Toc498720748][bookmark: _Toc499197978][bookmark: _Toc499216801][bookmark: _Toc499216815]When TCI is present in TCI, for the case of same-slot scheduling, the UE can assume that the PDSH DMRS is QCL with the DL RS(s) in the TCI state most recently signalled in DCI in a previous slot.
In Agreement #8 from email discussion [90b-NR-17], it was agreed that the RRC parameter TCI-PresentInDCI is supported to control whether or not the UE can expect TCI to be present in DCI when spatial QCL indication (beam indication) is used. In that agreement it is FFS whether or not the RRC parameter is defined to be global within a UE’s RRC configuration or configured on a per-CORESET basis. In our view, unless there is a compelling reason/use case to motivate it being defined on a per-CORESET basis, then it can be defined outside a CORESET.
[bookmark: _Toc498549927][bookmark: _Toc498556387][bookmark: _Toc498720738][bookmark: _Toc499197893]A compelling use case for configuring the RRC parameter TCI-PresentInDCI has not yet been demonstrated. If one exists, such a configuration may be worth considering.
CSI-RS for beam management
Source  target QCL indication
Several open issues remain on the configuration of CSI-RS for beam management. One open issue concerns the details around source  target spatial QCL indication. In Agreement #10, a table of source  target spatial QCL indication mechanisms was agreed last meeting; however, the details are missing. In Agreement #9, it was further decided that semi-persistent (sp)-CSI-RS resource(s) are activated by MAC-CE. The agreement was not clear in whether MAC-CE is used to activate a whole set of sp-CSI-RS resources, or whether individual resources within the set are activated. Regardless, QCL indication should be agnostic to which interpretation is valid.
[bookmark: _Toc498556388][bookmark: _Toc498720739][bookmark: _Toc499197894]The agreement from RAN1#90b on activation of semi-persistent (sp)-CSI-RS by MAC-CE is requires clarification of whether MAC-CE activates a set of sp-CSI-RS resources as a whole, or it activates selected resources from the set.
As shown in the table in Agreement #10, spatial QCL indication for aperiodic (ap)-CSI-RS is performed by DCI. In the context of beam management, one use case is that ap-CSI-RS is used to refine a previously determined coarse beam. As such, when a set of ap-CSI-RS resources is triggered by DCI, the UE may assume spatial QCL with a previously measured DL RS where the DL RS may be an SSB, p-CSI-RS, or sp-CSI-RS. Since TCI states (once updated by MAC-CE) contain such references, a TCI state may be used to indicate the needed spatial QCL relationship when the ap-CSI-RS resource set is triggered. Hence, we propose the following:
[bookmark: _Toc498545359][bookmark: _Toc498545566][bookmark: _Toc498549939][bookmark: _Toc498556397][bookmark: _Toc498719911][bookmark: _Toc498720749][bookmark: _Toc499197979][bookmark: _Toc499216802][bookmark: _Toc499216816]For a configured target aperiodic (ap)-CSI-RS resource in a resource set used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB, semi-persistent (sp)-CSI-RS, or periodic (p)-CSI-RS resource) is indicated by DCI signalling of a TCI state ID in the same DCI message that contains the trigger of the ap-CSI-RS resource set.
For the case of semi-persistent (sp)-CSI-RS, the reference DL RS is an SSB, and the source  target QCL is indicated by MAC-CE. Since MAC-CE is also used to activate the resources/resource set, it makes sense to indicate spatial QCL in the same MAC-CE message that activates the resource(s)/resource set. Hence, we propose the following:
[bookmark: _Toc498545360][bookmark: _Toc498545567][bookmark: _Toc498549940][bookmark: _Toc498556398][bookmark: _Toc498719912][bookmark: _Toc498720750][bookmark: _Toc499197980][bookmark: _Toc499216803][bookmark: _Toc499216817]For a configured target semi-persistent (sp)-CSI-RS resource in a resource set used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB) is indicated by MAC-CE signalling of a TCI state ID in the same MAC-CE message that contains the activation of the sp-CSI-RS resource(s)/resource set.
For the case of periodic (p)-CSI-RS, the reference DL RS is also an SSB, but the source  target QCL is configured by RRC rather than dynamically indicated. In this case, it makes sense to configure the source RS used as a spatial QCL reference within the RRC configuration of the target p-CSI-RS. Hence, we propose the following:
[bookmark: _Toc498545361][bookmark: _Toc498545568][bookmark: _Toc498549941][bookmark: _Toc498556399][bookmark: _Toc498719913][bookmark: _Toc498720751][bookmark: _Toc499197981][bookmark: _Toc499216804][bookmark: _Toc499216818]For a configured target periodic (p)-CSI-RS resource used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB) is indicated by an IE within the RRC configuration of the target p-CSI-RS resource, e.g., QCL_Info
Triggering of multiple resource sets for beam management
Another open issue is the configuration of multiple CSI-RS resource sets for the purposes of beam management when a joint gNB Tx-UE Rx beam sweep is desired. For example, this could be part of a P1 procedure, or part of a joint P2-P3 procedure. Configuration of multiple resource sets for such purposes is FFS in Agreement #11. In addition, it is FFS on two different alternatives for configuring the sets in terms of the RRC parameter ResourceRep which controls resource repetition.
FFS: Further support additional configuration by down selection from the following two alternatives:
(a) Multiple resource sets, all with repetition = “ON” 
UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings
(b) Multiple equal-size resource sets, all with repetition = “OFF”
UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets

So far, what has been agreed is the triggering of a single resource set either with ResourceRep = “OFF” or triggering a single resource set with ResourceRep = “ON”. In the former, the UE cannot assume that the eNB holds its Tx beam fixed. This would apply, e.g., in a P1 or a P2 procedure. In the latter, the UE may assume that the eNB holds its Tx beam fixed. This would apply, e.g., for in a P3 procedure. Note that “Tx beam fixed” does not imply that the antenna port in the different CSI-RS resources is the same antenna port, since these beams may be transmitted from different panels using different local oscillators. The condition of “same antenna port” is a stronger condition than what ResourceRep = “ON” implies and is necessary for use of the CSI-RS resource set for TRS purpose.
Clearly, even with triggering only one resource set at a time, all 3 procedures may be performed, albeit in a sequential rather than joint manner. For example, if P2 and P3 are executed sequentially, the best Tx beam is identified first, and then the best Rx beam for that Tx beam is identified second. In our view, this restriction is not severe, and results in a simple set of procedures that may be sufficient in many use cases. First of all, the total number of tested beam-pairs is fewer. Second, based on a evaluations comparing joint and sequential operation in [2], there does not seem to be a significant performance impact. Our view is that triggering multiple resource sets as in Alt-1 and Alt-2 above can be viewed as an optimization. Hence, we propose the following:
[bookmark: _Toc498556400][bookmark: _Toc498719914][bookmark: _Toc498720752][bookmark: _Toc499197982][bookmark: _Toc499216805][bookmark: _Toc499216819]For the purposes of beam management, NR supports neither Alt1: triggering multiple resource sets all with repetition = “ON;” nor Alt2: triggering multiple resource sets all with repetition = “OFF.”
Beam management without beam indication
While much of the discussion in beam management has been about beam indication, there are several important agreements from 1 year ago (see Agreements #12 – 13) that state that NR supports beam management both with and without beam indication. Since little discussion has happened since these agreements were made, we feel that it is important to revisit them. Operation without beam indication may be beneficial in scenarios where only a single beam pair link (BPL) is maintained. Clearly, this removes the necessity to transmit beam indications, with the associated signalling overhead and delays. Without beam indications, the NW has greater freedom in forming beams for PDCCH, PDSCH and various reference signals. 
Operation without beam indication comes down to simply specifying a set of default QCL assumptions that the UE is able to make, and to configure the UE to use ap-CSI-RS as a spatial QCL reference, but this requires some further discussion. We discuss beam management without beam indication in a dedicated paper (see [3]). The key proposal in that paper is that when operating without beam indication, only a single TCI state is configured, TCI is not signaled in DCI, and the single TCI state contains only a single spatial QCL reference (rather than a list). The single spatial QCL reference is preferably a set of ap-CSI-RS resources with ResourceRep=”ON” used for P3 Since there is only a single spatial QCL reference in the TCI state, MAC-CE updates of the spatial QCL reference are not needed.  Furthermore, a single CORESET is “linked” to the single TCI state. In this way, both PDSCH and PDCCH always use the same QCL relations.
[bookmark: _Toc498719915][bookmark: _Toc498720753][bookmark: _Toc499197983][bookmark: _Hlk499202249][bookmark: _Toc499216806][bookmark: _Toc499216820][bookmark: _Hlk499202313]For beam management without beam indication using P3, the UE is configured with a single TCI state, and no TCI field is present in DCI. 
· The single TCI state may contain the ID of a p-CSI-RS used for time/frequency tracking purposes (TRS), the ID of a p-CSI-RS used for CSI acquisition, or the ID of an SSB for time/frequency QCL purposes
· The single TCI state contains the ID of a single set of RRC configured ap-CSI-RS resources used for P3 (ResourceRep = “ON”) for spatial QCL purposes
· A configured CORESET contains a reference (ID) to the single TCI state
· The UE shall not expect to receive TCI indication in DCI
· The UE may assume that the PDSCH/PDCCH DMRS is QCL with the DL RSs contained in the TCI state with respect to the time / frequency / and spatial parameters

Beam measurement and reporting
L1-RSRP reporting on both CSI-RS for beam management and SSB has been agreed previously. Based on RAN4 feedback in [3], 2-port CSI-RS for beam management is feasible. However, there is no prior agreement on how to report L1-RSRP on a 2-port resource. Two options are per-port reporting or an arithmetic average of RSRP (in W) over the two ports. In our view, the latter makes sense thus we propose the following:
[bookmark: _Toc498556401][bookmark: _Toc498719916][bookmark: _Toc498720754][bookmark: _Toc499197984][bookmark: _Toc499216807][bookmark: _Toc499216821]For a UE configured to report L1-RSRP on a 2-port CSI-RS for beam management, the UE shall report the arithmetic average of the per-port RSRPs (in W) where the reported average RSRP is expressed in dBm.
UL beam management
In our view, beam correspondence at the UE is an important feature, and greatly simplifies network operation. For UEs with beam correspondence, it is not necessary to configure multiple SRS resources for the purposes of UL beam management; indeed, all beam management decisions can be based on DL beam management procedures based on SSB/CSI-RS.
Significant discussion has occurred, and several agreements have been made, around tying uplink PUSCH transmission to SRI feedback based on multiple SRSs used for beam management. However, in many cases, it is not necessary to configure multiple SRSs. One scenario is for UEs with beam correspondence. However, it is important to realize that SRS is not always required even for UL link adaptation. Such link adaptation decisions can also be made based on different RSs, e.g. PUCCH DMRS. In these scenarios, PUSCH transmission is better tied to a DL RS, e.g., SSB/CSI-RS used for DL beam management to handle the case when SRS/SRSs are not configured.
Based on this discussion we make the following observation and proposal
[bookmark: _Toc498720740][bookmark: _Toc499197895]UEs that support beam correspondence are not required to support multiple SRS resources. This implies that is no SRI, therefore, there is no uplink beam management based on SRS.

[bookmark: _Toc498720755][bookmark: _Toc499197985][bookmark: _Toc499216808][bookmark: _Toc499216822]A UE that supports beam correspondence is provided a reference to a DL RS that can be used to determine a spatial transmit filter at least for PUSCH by (a) TCI signaled in DCI containing an UL grant, or (b) TCI referenced in a CORESET configuration
Conclusions
In this contribution, we made the following observations:

Observation 1	For sub-6 GHz operation, a spatial QCL reference need not be configured in each TCI state. Consequently no MAC-CE update mechanism for a TCI state is needed.
Observation 2	A compelling use case for configuring the RRC parameter TCI-PresentInDCI has not yet been demonstrated. If one exists, such a configuration may be worth considering.
Observation 3	The agreement from RAN1#90b on activation of semi-persistent (sp)-CSI-RS by MAC-CE is requires clarification of whether MAC-CE activates a set of sp-CSI-RS resources as a whole, or it activates selected resources from the set.
Observation 4	UEs that support beam correspondence are not required to support multiple SRS resources. This implies that is no SRI, therefore, there is no uplink beam management based on SRS.

Based on the discussion in this contribution we make the following key proposals:
Key Proposal 1	The RRC configuration of a TCI state may contain the ID of a p-CSI-RS used for time/frequency tracking purposes (TRS), the ID of a p-CSI-RS used for CSI acquisition or the ID of an SSB to serve as the time/frequency QCL reference (source) for the target PDSCH / PDCCH DMRS.
Key Proposal 2	A CORESET configuration contains an information element that provides a reference to a single RRC configured TCI state.
Key Proposal 3	The RRC configuration of a TCI state contains a set (list) of p-, sp-, or ap-CSI-RS resource IDs and/or a set (list) of SSB IDs and/or a set (list) of CSI-RS resource set IDs used for beam management. For a given TCI state, MAC-CE selects one of the resource IDs from the RRC configured list to serve as the spatial QCL reference (source) for the target PDSCH / PDCCH DMRS.
Key Proposal 4	Support Alt-1 for the TCI field size, i.e., the size of the TCI field (if present) in DCI, is fixed, and the fixed value is N = 3 bits.
Key Proposal 5	The maximum number of configured TCI states is Mmax = 2N, where N = 3 is the number of bits in the TCI field (if present) in DCI.

We make the following additional proposals:
Proposal 1	Prior to MAC-CE selection of the spatial QCL reference in a TCI state, the UE may assume that PDSCH / PDCCH DMRS is spatially QCL with the SSB determined during the initial access (RACH) procedure.
Proposal 2	When TCI is not present in DCI, the UE can assume that the PDSCH DMRS is QCL with the DL RS(s) in the TCI state which is “linked” to the CORSET containing the detected PDCCH carrying the PDSCH scheduling DCI.
Proposal 3	When TCI is present in TCI, for the case of same-slot scheduling, the UE can assume that the PDSH DMRS is QCL with the DL RS(s) in the TCI state most recently signalled in DCI in a previous slot.
Proposal 4	For a configured target aperiodic (ap)-CSI-RS resource in a resource set used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB, semi-persistent (sp)-CSI-RS, or periodic (p)-CSI-RS resource) is indicated by DCI signalling of a TCI state ID in the same DCI message that contains the trigger of the ap-CSI-RS resource set.
Proposal 5	For a configured target semi-persistent (sp)-CSI-RS resource in a resource set used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB) is indicated by MAC-CE signalling of a TCI state ID in the same MAC-CE message that contains the activation of the sp-CSI-RS resource(s)/resource set.
Proposal 6	For a configured target periodic (p)-CSI-RS resource used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB) is indicated by an IE within the RRC configuration of the target p-CSI-RS resource, e.g., QCL_Info
Proposal 7	For the purposes of beam management, NR supports neither Alt1: triggering multiple resource sets all with repetition = “ON;” nor Alt2: triggering multiple resource sets all with repetition = “OFF.”
Proposal 8	For beam management without beam indication using P3, the UE is configured with a single TCI state, and no TCI field is present in DCI.
· The single TCI state may contain the ID of a p-CSI-RS used for time/frequency tracking purposes (TRS), the ID of a p-CSI-RS used for CSI acquisition, or the ID of an SSB for time/frequency QCL purposes
· The single TCI state contains the ID of a single set of RRC configured ap-CSI-RS resources used for P3 (ResourceRep = “ON”) for spatial QCL purposes
· A configured CORESET contains a reference (ID) to the single TCI state
· The UE shall not expect to receive TCI indication in DCI
· The UE may assume that the PDSCH/PDCCH DMRS is QCL with the DL RSs contained in the TCI state with respect to the time / frequency / and spatial parameters
Proposal 9	For a UE configured to report L1-RSRP on a 2-port CSI-RS for beam management, the UE shall report the arithmetic average of the per-port RSRPs (in W) where the reported average RSRP is expressed in dBm.
Proposal 10	A UE that supports beam correspondence is provided a reference to a DL RS that can be used to determine a spatial transmit filter at least for PUSCH by (a) TCI signaled in DCI containing an UL grant, or (b) TCI referenced in a CORESET configuration
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Appendix – Agreements from previous meetings
Agreement #1 (RAN1 NR Ad Hoc #3): 
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 #2 (RAN1 Ad Hoc #3):
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 #3 (Email discussion [90b-NR-23]):
· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).
Agreement #4 (R1-1719059 from RAN1#90b)
· Proposal
· Initialization/Update of the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes is done at least via explicit signalling. Support the following methods for the explicit signalling :
· RRC 
· RRC + MAC-CE 
· Implicit Update via “implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.” is FFS
Agreement #5 (R1-1719059 from RAN1#90b)
· Proposal: For the case when at least spatial QCL is configured/indicated, support higher-layer UE-specific configuration of whether or not TCI field is present in DL-related DCI
· [bookmark: _Hlk498546672]Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI
· For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication (ref:Annex) where no spatial QCL parameters are higher layer configured
· Present: Details on Slide 7.
· Proposed candidate solutions should consider
· Below and above 6GHz DL beam related operation with and without beam indication  
· Downlink beam management with and without beam indication (ref Annex)
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref:Annex)

Agreement #6 (R1-1719059 from RAN1#90b)
· Proposal: 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.
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref: Annex)
Agreement #7:  (RAN1#90b)
· 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)
Agreement #8:  (Email discussion [90b-NR-17])
· Support parameter Is-TCI-Present 
· 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 on whether it is per-CORESET or per-UE configured
· Boolean
· Default is True
Agreement #9:  (RAN1#90b)
SP CSI-RS is activated with RRC + MAC CE
Agreement #10:  (RAN1#90b)
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



Agreement #11: (RAN1#90b)
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:
Single resource set with repetition = “OFF”
UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback
Single resource set with repetition = “ON”
UE does not report CRI
FFS: Further support additional configuration by down selection from the following two alternatives:
(a) Multiple resource sets, all with repetition = “ON” 
UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings
(b) Multiple equal-size resource sets, all with repetition = “OFF”
UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets
Note: Not all configurations are applicable for P1/P2/P3
FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)

Agreement #12: (RAN1#86bis):
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 

Agreement #13: (RAN1#87):
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels 

Agreement #14: (RAN1 NR Ad Hoc #1):
· For downlink, NR supports CSI-RS reception with and without beam-related indication,
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 
· FFS: information other than QCL

Agreement #15: (RAN1#89):
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
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