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[bookmark: _Ref494466974]Introduction
In RAN1 Ad Hoc #3 (Nagoya), good progress was made in defining a configuration framework forming the basis for dynamic indication of QCL (including spatial QCL) for both PDSCH and PDCCH reception. While the focus was on supporting non-simultaneous multi-beam transmission in a single TRP mode, the framework is forward compatible to both simultaneous multi-beam and multi-TRP modes. In the Appendix the agreements made in the last meeting are listed. In this contribution we address some of the FFS items in these agreements, so as to further build on the established Transmission Configuration Indictor (TCI) framework.
We also address the FFS items in the agreement from last meeting regarding L1-RSRP measurement and reporting on SS blocks.
DL QCL Indication
Based on the Agreements #1 – 3 in the Appendix and relevant RRC parameters in [1], Figure 1 shows our view on how the TCI states and one or more CORESETs can be RRC configured for a given UE. In this example, M TCI states and two CORESETs are configured, where each TCI state contains an RS Set comprised of references (e.g., IDs) of one or more DL RSs. The DL RS(s) in the RS Set serve as QCL references for the demodulation of PDSCH and potentially PDCCH depending on if a CORESET configuration is “linked” to the TCI state. As discussed later, one DL RS may be used for spatial QCL purposes (e.g., SSB, CSI-RS), and another for T/F QCL purposes (e.g., TRS). For PDSCH, the QCL reference is dynamically indicated by a TCI field in DCI. For PDCCH, the QCL reference is semi-statically configured by a reference (e.g., a “link”) to a particular TCI state. For mm-wave operation, at least the DL RS in the RS Set used for spatial QCL purposes is dynamically initialized/updated based on UE measurements/reports. Mechanisms for the dynamic update of the spatial QCL reference are discussed later.
[image: ]
[bookmark: _Ref494398717]Figure 1: RRC configuration of TCI states and “linked” CORESETs
CORESET configuration
[bookmark: _GoBack]In some cases, configuration of one CORESET is sufficient to handle beam management with beam indication. However, configuration of multiple CORESETs may bring additional robustness. The example shown in Figure 1 includes the configuration of two CORESETs. Each CORESET “links” to a different TCI state in which the RS Set provides the QCL reference(s) for demodulating PDCCH candidates in the CORESET. Without discussing multi-TRP and/or simultaneous multi-beam transmission (downscoped before December release by RAN Plenary), a relevant use case for the configuration of two CORESETs is shown in Figure 2.
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[bookmark: _Ref494451656]Figure 2: Robust PDCCH transmission by TDM switching between two different BPLs
This use case is supported by the following, extracted from Agreement #5 shown in the Appendix in full:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· …
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· …

The key point is that PDCCH is monitored on different BPLs in different OFDM symbols. Within the control channel agenda item, it has been agreed that a CORESET can indeed span more than one OFDM symbol. However, the REG-to-CCE mapping is based on REG bundles that are defined with time-first mapping spanning all OFDM symbols in the CORESET. Moreover, the UE assumes the same precoding within a REG bundle. Hence, for the case of analog beamforming, e.g., at mm-wave frequencies, where the same precoding (beamforming) applies across the entire frequency band, this automatically implies that for the UE to monitor PDCCH in different OFDM symbols, different CORESETs must be configured in non-overlapping symbols. The different CORESETs correspond to different BPLs, and each one is linked to a different TCI state as shown in Figure 1.
According to Agreement #3 in the Appendix, two alternatives are identified for configuring the reference (i.e., a “link”) to the TCI state: in Alt-1 the reference is configured on a per-CORESET basis; in Alt-2 it is configure on a per-search space basis. In our view, Alt-2 provides more flexibility considering deployment also at sub-6 GHz frequencies. An important restriction, however, is that at mm-wave frequencies with analog beamforming, all search spaces within a particular CORESET must be configured with a reference to the same TCI state, since the same beamforming applies to all REG bundles within the CORESET, hence the same spatial QCL reference is needed for demodulating all PDCCH candidates. Since Alt-2 is a superset of Alt-1, and since it offers more flexibility across a range of deployment scenarios, Alt-2 is our preference. Ultimately, this should be decided in the control channel agenda item which is why we make an observation here instead of a proposal.
[bookmark: _Toc494622252]Configuration of a reference to a TCI state on a per-search space basis offers more flexibility than on a per-CORESET basis considering a range of deployment scenarios. An important restriction, however, is that with analog beamforming, e.g., at mm-wave frequencies, the TCI reference needs to be configured the same for all UE specific search spaces within a CORESET.
Mechanisms for updating a spatial QCL reference a TCI state
Agreement #1 contains the following FFS item on mechanisms for updating the spatial QCL reference within the RS Set of a TCI state:
· 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

In our view, both the explicit and implicit mechanisms for initializing/updating the spatial QCL reference in the RS Set of a TCI state serve a useful purpose and should be supported. The explicit approach is useful, for example, for updating TCI states containing a reference to a periodic or semi-persistent DL RS, e.g., CSI-RS or SSB. In this case, the UE may be configured to report one or multiple preferred resources corresponding to different Tx beams. Using the explicit update procedure gives the gNB flexibility to signal to the UE which particular DL RS resource it would like to be associated with a given TCI state. This can be beneficial, for example, to enable a form of load balancing or to support MU-MIMO operation with flexible grouping of users in different beams.
The explicit approach can also be used to “initialize” the spatial QCL reference in a TCI state that will be later updated using the implicit mechanism based on an aperiodic CSI-RS resource. For example, if the UE is configured to report L1-RSRP based on one or more SSBs, the gNB can assign a newly discovered SSB beam with a TCI state through the explicit mechanism. The beam associated with this TCI state may then be refined, e.g., through the gNB triggering the UE to perform a P2 and/or P3 procedure based on a set of aperiodic CSI-RS resources.
The implicit mechanism is achieved by the gNB including a TCI in the same DCI that triggers an aperiodic CSI-RS measurement. Upon receiving the TCI in the triggering DCI, the UE knows that it should update the spatial QCL reference in the RS Set for the signalled TCI with the preferred CSI-RS determined during the UE measurement. Directly after the triggering, the gNB can use the TCI for beam indication
The advantage of the implicit mechanism is that it is quick and simple means for updating the spatial QCL reference with a minimum of signalling overhead. Since a TCI field is already supported in DCI, it may be reused. The alternative is for the gNB to “echo back” a UE reported CRI through the explicit update mechanism, which seems like an unnecessary step. Only after the update has been performed, the gNB may use the TCI for beam indication.
Another use case for the implicit approach is a reciprocity use case where the UE may not be configured with periodic CSI-RS or configured to report L1-RSRP on SSB. In this case, the gNB can determine a transmit beam direction based on SRS measurements. It may then trigger the UE to measure on a set of ap-CSI-RS resources for beam refinement purposes (P2 and/or P3) and use the implicit mechanism to update a TCI state.
[bookmark: _Toc494464408][bookmark: _Toc494464463][bookmark: _Toc494482268][bookmark: _Toc494556208][bookmark: _Ref494556752][bookmark: _Toc494557493][bookmark: _Toc494572622][bookmark: _Toc494572795][bookmark: _Toc494622256][bookmark: _Toc494622569]NR supports an explicit mechanism for updating the reference to a DL RS used for spatial QCL purposes in the RS Set of a TCI state. The DL RS can be either a periodic CSI-RS, semi-persistent CSI-RS, or an SSB on which the UE has performed a prior measurement. The explicit signalling message contains a TCI value and a reference (CRI or SSB index) to the DL RS. FFS: signalling details.
[bookmark: _Toc494464409][bookmark: _Toc494464464][bookmark: _Toc494482269][bookmark: _Toc494556209][bookmark: _Toc494557494][bookmark: _Toc494572623][bookmark: _Toc494572796][bookmark: _Toc494622257][bookmark: _Toc494622570]NR supports an implicit mechanism for updating the reference to a DL RS used for spatial QCL purposes in the RS Set of a TCI state. The DL RS is an aperiodic CSI-RS on which the UE performs a measurement. The DCI that triggers the UE measurement on a set of CSI-RS resources contains a TCI field. Based on the measurement, the UE updates the RS Set of the signalled TCI state with a reference (i.e., CRI) to the preferred CSI-RS resource from the set.
Inclusion of other DL RSs in an RS Set
Much of the above discussion focuses on the DL RS (CSI-RS or SSB) in an RS Set used for spatial QCL purposes, since that is the one that is dynamically updated based on UE measurements. Agreement #1 contains the following FFS item on the inclusion of additional RS(s) in an RS Set of a TCI state:
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item

Furthermore, Agreement #2 contains the following FFS item on QCL type:
· FFS: whether or not a QCL type is configured, configuration details are for further study

In the last meeting, there was good progress in the QCL agenda item on a framework for midband operation. In [2], some of the remaining details for midband are discussed, and it is further proposed to extend this to highband (mm-wave) operation by the addition of spatial QCL as an add-on to midband QCL relations.
Specifically, it was agreed that Type A QCL (time and frequency parameters) between TRS and PDSCH DMRS is supported, whereas Type B QCL (frequency parameters only) is FFS. In [2], we propose that Type B is supported to cover the case when, e.g., TRS is transmitted over a wide beam and PDSCH DMRS is transmitted over a narrow beam. Performance results indicate that due to different delay spread distributions between wide and narrow beam transmissions, there can be a loss in assuming Type A; hence Type B is motivated. In this case, it is proposed to estimate delay spread from PDSCH DMRS instead of TRS. In addition, in [2] we further propose that both Type A and B are supported between TRS and PDCCH DMRS.
Based on this we propose the following
[bookmark: _Toc494482270][bookmark: _Toc494556210][bookmark: _Toc494557495][bookmark: _Toc494572624][bookmark: _Toc494572797][bookmark: _Toc494622258][bookmark: _Toc494622454]NR supports inclusion of TRS in the RS Set of a TCI state in addition to CSI-RS/SSB. Different QCL types per DL RS are supported as part of the TCI state configuration. FFS: type definitions.
Inclusion of other parameter(s) in a TCI state
Agreement #1 contains the following FFS item on whether or not a TCI state should contain other parameters, e.g., for PDSCH rate matching purposes:
· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes

In general, if an aperiodic (ap) or semi-persistent (sp) RS is transmitted outside a UE’s scheduled resources, it can collide with other users’ scheduled resources, requiring a rate matching resource to be indicated to the other user(s). In NR, both ap-CSI-RS and sp-CSI-RS are supported, and ap-TRS is also being discussed. In LTE, rate matching is accomplished by configuring the other users with ZP-CSI-RS resource(s); however, in NR rate matching is not yet settled in RAN1. Furthermore, it is not clear, at least for single-TRP operation, that rate matching resources should be configured as part of a TCI state. Hence we propose the following:
[bookmark: _Toc494622253]Rate matching is required both for ap/sp-CSI-RS and ap-TRS (if supported). Whether or not parameters for rate matching are included in a TCI state depends on the outcome of the rate matching agenda item. Discussion on support for configuration of rate matching parameters in a TCI state to support multi-TRP operation is deferred until after the December release of NR.
Conditions for presence/absence of TCI field in DCI
Agreement #2 contains the following FFS item on the presence/absence of the TCI field in DCI:
· 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

According to Agreement #6 in the Appendix, NR supports beam management both with and without beam related indication. In the case of without beam indication, we have previously outlined a baseline beam management procedure based on establishment of a (coarse) SSB beam discovered during the RACH procedure followed by refinement based on ap-CSI-RS using a P2 and/or P3 procedure [4]. In this baseline case, only a single TCI state would need to be configured to a UE to contain the needed QCL relationships; however, DCI would not contain a TCI field. This is similar to LTE in which PQI states are configured, but the PQI field in DCI is only present when DCI format 2D is configured. If either multi-TRP or multi-beam operation is configured, our view is that the TCI field would necessarily be present in DCI.
[bookmark: _Toc494622254]The TCI field is present in DCI whenever multi-TRP or multi-beam operation is configured.
The above agreement includes an FFS on whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment. Clearly, the functionality supported by the agreed TCI framework in NR is directly analogous to the PQI framework in LTE which is used for the purposes of QCL and PDSCH rate matching indication in DCI format 2D for DL CoMP. For NR, dynamic spatial QCL indication for mm-wave is beneficial not only to support multi-TRP (DL CoMP), but also for multi-beam operation from a single-TRP. Due to this tight analogy, our view is that it makes most sense to include the TCI in the same DCI as that containing the PDSCH scheduling assignment. In high-bands (mm-wave frequencies) one difference from LTE is that the DCI may include a slot offset for the purposes of cross-slot scheduling. This may be necessary for a UE that is not able to switch its analog Rx beam in the same slot as it receives the DCI containing the TCI field due to a PDCCH decoding delay.
[bookmark: _Toc494556211][bookmark: _Toc494557496][bookmark: _Toc494572625][bookmark: _Toc494572798][bookmark: _Toc494622259][bookmark: _Toc494622455]The TCI field is included in the same DCI as that containing the PDSCH scheduling assignment for both same-slot and cross-slot scheduling.
Common beam for PDSCH / PDCCH
Many of the procedures on beam indication have been designed under the assumption that the UE should adjust its Rx beams differently for PDCCH and PDSCH reception. However, this level of freedom is rarely needed, and brings additional complexity. Both the PDCCH and PDSCH can be transmitted with beams that provide the best SINR at the receiver. In many cases, this is the narrowest beam. Then, the target BLER for the PDCCH and the PDSCH are likely to be different, and that will be achieved by suitable selection of the aggregation level for PDCCH and MCS for PDSCH. 
[bookmark: _Toc492924620][bookmark: _Toc494622255]A common realization is that the PDCCH and PDSCH are transmitted using the same beam.
In addition, introducing the possibility to switch analog Rx beams between PDCCH and PDSCH can lead to a more complex UE implementation than if the Rx beam switches are constrained to be between slots. For these reasons, we propose that an operating mode can be configured in which QCL indication for PDSCH and PDCCH is common. We discuss this further in [3] where we propose the following
[bookmark: _Toc494556212][bookmark: _Toc494557497][bookmark: _Toc494572626][bookmark: _Toc494572799][bookmark: _Toc494622260][bookmark: _Toc494622571][bookmark: _Hlk494621782]NR supports a configuration whereby the UE can assume the same QCL reference for PDCCH as indicated through TCI for PDSCH. Prior to slot n, the UE receives a DCI that schedules PDSCH in slot n. The DCI contains a TCI state for the purposes of QCL indication for PDSCH. Within slot n, and in subsequent slots until the next TCI is received, the UE can assume that the DMRS of PDCCH candidates in a configured CORESET is QCL with the DL RS(s) in the RS Set of the same prior indicated TCI state as for PDSCH.
[bookmark: _Toc494622261][bookmark: _Toc494622572]To support a configuration whereby the UE can assume a common QCL reference for PDCCH and PDSCH, a TCI state configuration contains an information element (IE) indicating whether common QCL is “ON/OFF.” In this context, common QCL “ON” means that the UE can assume the same QCL reference for PDCCH as indicated through the TCI field in DCI for PDSCH. Common QCL “OFF” means that the UE can assume that the QCL reference for PDCCH is provided by the configured reference to a TCI state in the CORESET.
Number of TCI states
Agreement #1 includes the following FFS items on the number of configured TCI states in relation to the number of bits in the TCI field in DCI:
· 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

In our view, it is sufficient to configure M = 2N states, and not more. It has been discussed whether or not a large number of TCI states is first RRC configured, which is then followed by activation of 2N states by MAC-CE, which is then followed by selection of one out of the activated 2N states in DCI. Our thinking is that this 3-step procedure is unnecessary, especially if the explicit TCI state update mechanism in Proposal 1 is supported. With this mechanism, the same effect of down selecting to 2N states can be achieved by gNB implementation, without incurring unnecessary RRC signaling overhead and without introducing an extra level of MAC-CE signaling. For example, if the UE reports multiple beams, there is no need to assign all of them to a large set of TCI states. Instead, by implementation, the gNB can select which ones it would like the UE to map to one or more of  the M = 2N configured states, and then inform the UE through explicit signaling of the mapping. One of the 2N states is then selected and indicated by DCI as already agreed.
[bookmark: _Toc494557498][bookmark: _Toc494572627][bookmark: _Toc494572800][bookmark: _Toc494622262][bookmark: _Toc494622456]NR supports RRC configuration of a maximum of M = 2N TCI states, where N is the size of the TCI field in DCI used for the purposes of QCL indication. 
UL QCL Indication 
Clearly, if DL beam indication is used, i.e., through the configuration and signalling of TCI states, it would be natural to support beam indication in the uplink as well. This is beneficial to aid the UE in adjusting its Tx spatial configuration, i.e., spatial filter/spatial precoder/beam for the purposes of transmitting UL signals (PUSCH, PUCCH, and SRS). This simplifies gNB operation in the demodulation of PUSCH and PUCCH in that the received signals at the gNB can be aligned with a desired gNB analog beam direction. Since the TCI framework for DL QCL indication has already been agreed, it makes sense to leverage that framework as much as possible for UL beam indication. In [4], we discuss this further and propose that TCI be included in the DCI that triggers the UL transmission for the purposes of indicating reciprocal spatial QCL.
Beam Measurement and Reporting
In a companion paper [5], we discuss the configuration of L1-RSRP reporting on SS blocks addressing the FFS items in Agreement #4 in the Appendix.
Conclusions
In this contribution we made the following observations:
Observation 1	Configuration of a reference to a TCI state on a per-search space basis offers more flexibility than on a per-CORESET basis considering a range of deployment scenarios. An important restriction, however, is that with analog beamforming, e.g., at mm-wave frequencies, the TCI reference needs to be configured the same for all UE specific search spaces within a CORESET.
Observation 2	Rate matching is required both for ap/sp-CSI-RS and ap-TRS (if supported). Whether or not parameters for rate matching are included in a TCI state depends on the outcome of the rate matching agenda item. Discussion on support for configuration of rate matching parameters in a TCI state to support multi-TRP operation is deferred until after the December release of NR.
Observation 3	The TCI field is present in DCI whenever multi-TRP or multi-beam operation is configured.
Observation 4	A common realization is that the PDCCH and PDSCH are transmitted using the same beam.

We make the following key proposals:
Key Proposal 1	NR supports an explicit mechanism for updating the reference to a DL RS used for spatial QCL purposes in the RS Set of a TCI state. The DL RS can be either a periodic CSI-RS, semi-persistent CSI-RS, or an SSB on which the UE has performed a prior measurement. The explicit signalling message contains a TCI value and a reference (CRI or SSB index) to the DL RS. FFS: signalling details.
Key Proposal 2	NR supports an implicit mechanism for updating the reference to a DL RS used for spatial QCL purposes in the RS Set of a TCI state. The DL RS is an aperiodic CSI-RS on which the UE performs a measurement. The DCI that triggers the UE measurement on a set of CSI-RS resources contains a TCI field. Based on the measurement, the UE updates the RS Set of the signalled TCI state with a reference (i.e., CRI) to the preferred CSI-RS resource from the set.
Key Proposal 3	NR supports a configuration whereby the UE can assume the same QCL reference for PDCCH as indicated through TCI for PDSCH. Prior to slot n, the UE receives a DCI that schedules PDSCH in slot n. The DCI contains a TCI state for the purposes of QCL indication for PDSCH. Within slot n, and in subsequent slots until the next TCI is received, the UE can assume that the DMRS of PDCCH candidates in a configured CORESET is QCL with the DL RS(s) in the RS Set of the same prior indicated TCI state as for PDSCH.
Key Proposal 4	To support a configuration whereby the UE can assume a common QCL reference for PDCCH and PDSCH, a TCI state configuration contains an information element (IE) indicating whether common QCL is “ON/OFF.” In this context, common QCL “ON” means that the UE can assume the same QCL reference for PDCCH as indicated through the TCI field in DCI for PDSCH. Common QCL “OFF” means that the UE can assume that the QCL reference for PDCCH is provided by the configured reference to a TCI state in the CORESET.

In addition, we propose the following:
Proposal 1	NR supports inclusion of TRS in the RS Set of a TCI state in addition to CSI-RS/SSB. Different QCL types per DL RS are supported as part of the TCI state configuration. FFS: type definitions.
Proposal 2	The TCI field is included in the same DCI as that containing the PDSCH scheduling assignment for both same-slot and cross-slot scheduling.
Proposal 3	NR supports RRC configuration of M = 2N TCI states, where N is the size of the TCI field in DCI used for the purposes of QCL indication.
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Previous Agreements
The following three agreements were made in RAN1 Ad Hoc #3 (Nagoya), relating to configuration of TCI states,  QCL indication for PDSCH and PDCCH, and L1-RSRP measurement/reporting on SSB.
Agreement #1: (Configuration of TCI states)
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
· [bookmark: _Hlk494400611]FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· [bookmark: _Hlk494400486]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: (QCL indication for PDSCH)
· 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

Agreement #3: (QCL indication for PDCCH)
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 #4: (L1-RSRP measurement/reporting on SSB)
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
· Down-select between the two options

The following agreement was made in RAN1 Ad Hoc #1 (Spokane) regarding PDCCH robustness
Agreement #5:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE

The following agreement was made in RAN1 #86b (Lisbon) regarding beam management without beam indication
Agreements #6:
· 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 
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
· Study how the N Tx beams can be selected 
· Study the case where N comprises of all Tx beams
· Study UE reporting information
· Note: N can be equal to 1
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