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1	Introduction

In this contribution, we discuss the remaining open issues for beam management.
[bookmark: _Ref178064866]2	Discussion
2.1	Beam management and reporting
2.1.1	Default QCL for aperiodic CSI-RS 
In RAN1#94, the following agreement was reached:
Agreement
NW may schedule an ap-CSI-RS with a shorter delay than a threshold, and the UE applies a default QCL assumption 
· At least applies for CSI-RS for CSI acquisition 
· All CSI-RS symbols in one resource set should be below the threshold or all CSI-RS symbols in one resource set should be above the threshold
· FFS: Default QCL assumption
· FFS: Exact threshold with reference to UE capability

So far, the agreement only applies to CSI-RS for CSI acquisition, i.e., for CSI-RS in a CSI-RS resource set without repetition. However, scheduling the CSI-RS with a delay shorter than the threshold is equally applicable also for CSI-RS for beam management, i.e., for CSI-RS in a CSI-RS resource set with repetition ‘ON’ or ‘OFF’. In fact, if the UE receives an ap-CSI-Rs, it does not even know that it is CSI for CSI acquisition until the UE has decoded the DCI. Applying the same procedure for CSI-RS for beam management as for CSI-RS for CSI for CSI acquisition makes sense. Hence, we propose
[bookmark: _Toc525209300][bookmark: _Ref525893164]The NW may schedule ap-CSI-RS for beam management with a shorter delay than a threshold, in which case the UE applies a default QCL assumption.
The agreement also contains 2 FFSs that should be resolved. For the threshold, the relevant UE feature is 2-28 [10]. There has been a discussion if the threshold should be the same as the threshold in UE feature 2-2. Although the capabilities may be related, the value ranges of the two features are now different: it is, e.g., possible for the UE to report 7 symbols for capability 2-2, and 336 symbols for capability 2-28. Hence, the thresholds must be different.
[bookmark: _Toc525209301][bookmark: _Ref525893167]The threshold relevant for aperiodic CSI-RS is the threshold in UE feature 2-28, which is different from the threshold in UE feature 2-2. 

For the default QCL assumption, it must be a QCL assumption that the UE can apply with ease: since the application of a QCL assumption is associated with a certain delay, there is only a small set of possible QCL assumptions. 
When PDSCH is scheduled with a delay that is lower than the corresponding UE capability, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE [6]. Or in other words, the default QCL assumptions are derived from the default CORESET. 
One option is to reuse that definition also for aperiodic CSI-RS, and this would work as long as the PDSCH is also using the TCI state of the default CORESET. However, when the UE applies a non-default QCL assumption derived from the DCI, this would be problematic. 
However, it should be noted that the UE always has a QCL assumption for every OFDM symbol the UE monitors. For OFDM symbols where search spaces are mapped, the UE would rely on the QCL assumption of the corresponding CORESET. For OFDM symbols where the UE receives PDSCH, the UE would apply the QCL assumption for the PDSCH. Thus, we propose 
[bookmark: _Toc525209302][bookmark: _Ref525893169]If an aperiodic CSI-RS is scheduled with a delay smaller than the advertised threshold, the UE applies the QCL assumption for the OFDM symbol(s) where the CSI-RS resource is mapped. 
When the ap-CSI-RS is transmitted in OFDM symbols where PDSCH is transmitted, the UE applies the QCL assumption for the PDSCH. If the ap-CSI-RS is transmitted in OFDM symbols where a search space is mapped, the UE applies the QCL assumptions of the corresponding CORESET when receiving the CSI-RS.
A text proposal is provided in section 3.4.
2.1.2	Essential clarification of “initial” RRC configuration for TCI states
During several meetings, the UE’s QCL assumptions between RRC configuration and MAC CE activation has been discussed, without any agreement being reached. Since no agreement could be reached, the behaviour will be up to UE implementation. 
There is currently a statement in the specification [6] which still describes the period between RRC configuration and MAC CE activation:
Excerpt from [6], section 5.1.5:
[bookmark: _Hlk500953403]The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot+1. After a UE receives higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to 'QCL-TypeD'. 

This text was originally inserted to handle the case between initial RRC configuration and MAC CE activation, in which case the SS/PBCH block determined in the initial access procedure would be useful as a QCL reference, as indicated by the following agreement from RAN1#91:
Agreement
Between initial RRC configuration and MAC CE activation of TCI states, the UE may assume that both PDCCH and PDSCH DMRS are spatially QCL-ed with the SSB determined during initial access



In the general case, however, the SS/PBCH block is not a suitable QCL source, since a long time may have passed since the initial access. We note that the interpretation of an initial RRC configuration is present in [5]:
Excerpt from [5], section 10.1:
If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure. 

One option would be to modify the text in [6] to clearly state that the above assumptions only apply to the initial RRC reconfiguration. The ‘initial’ RRC re-configuration would then mean the first RRC re-configuration after RRC connection setup. However, RAN1 specifications are typically agnostic to the order of RRC messages. 
Instead, we prefer to the rely on the accepted principle that the QCL assumption between RRC re-configuration and MAC CE activation is up to UE implementation. This would mean that the text in [5] and [6] is removed.
[bookmark: _Ref525194017][bookmark: _Toc525209303]Remove the statements in 38.213 and 38.214 describing the UE behaviour between RRC configuration and MAC CE activation.
A text proposal is given in section 3.1. 
2.1.3	UE features
2.1.3.1	Number of TRSs – FG 2-51
One of the fundamental design principles of the beam management solutions is that it should be L1/L2 procedures: RRC reconfigurations should not be necessary. The outcome has been to rely on TCI states. The UE would use the references signals and QCL type information in the TCI state to extract large scale channel properties for other references signals. To balance flexibility and signalling overhead, the TCI states are signaled to the UE in a two-stage mechanism: 
· The NW configures the UE with a list of TCI states using RRC. 
· The NW then activates different TCI states using MAC CE. 
The UE uses only the activated TCI state(s) to extract channel properties of the corresponding target reference signal. For example, the UE uses the TRS in an activate TCI state to derive the delay and Doppler spread, which is subsequently used to estimate the channel and to demodulate, e.g., the PDSCH. 
With the two-stage mechanism, the NW can configure a sufficient number of TCI states and then use MAC CE to select between them, making MAC CE the main signaling mechanism to update QCL relations. Only at rare occasions (e.g., at handover) the list of TCI states needs to be re-configured using RRC.  Also, since the UE only uses the activated TCI state(s) in its receiver, the UE complexity is kept low.
To rely on the two-stage signaling procedure, it must be possible to configure a sufficient number of RSs to be included in the TCI states. Of particular importance is TRS: the UE will need TRS to demodulate the PDSCH. To avoid RRC reconfigurations, the number of configured TRSs must be large enough to cover the whole cell.
In the UE feature discussion, there is a discussion on how many TRSs the UE can be configured with: FG 2-51. As the UE moves within the cell, RRC reconfigurations should be avoided; hence it should be possible to configure the UE with a sufficient number of TRSs so that the NW can rely on MAC CE to update the TRS the UE is tracking. Here, there is no dedicated limit on the number of TRSs that can be signaled in RRC. However, TRS is realized using NZP CSI-RS resources and NZP CSI-RS resource sets, and the RRC signaling provides limits both for resources and resource sets:
· maxNrofNZP-CSI-RS-Resources = 192
· maxNrofNZP-CSI-RS-ResourceSets = 64
With these limitations in place, there is no need to have a separate UE capability for the number of configured TRSs, and hence we propose to remove UE capability 2-51, component 4 and component 5.
[bookmark: _Toc521670118][bookmark: _Toc525209304]Component 4 and component 5 of UE capability 2-51 are removed. 
2.1.3.2	Spatial relations – FG 2-59 and 2-60
A late addition to the UE feature list is the restrictions on spatial relations. The restrictions have the same structure as the TCI states: there is one limit on the number of configured spatial relations (FG 2-59), and one on active spatial relations (FG 2-60).
The discussion on the TCI states was triggered by the insight that it may be complex for the UE to track DL reference signals, in particular the TRS. For the UL spatial relations, it is not clear what is the factor driving complexity. Spatial relations are sometimes defined by DL RSs, but they may also be defined by an SRS. Clearly, there is no tracking complexity involved for a spatial relation defined by an SRS: it is merely a signalling proxy. The complexity is not related to analog beamforming, since there is an ongoing effort to specify the UE behaviour due to the UE’s inability to receive from or transmit in several directions at the same time. Note that the ability to receive/transmit in different directions in FR2 is not even a UE capability.
In any case, the discussion on removing restrictions for configured TRSs in the previous section also applies to spatial relations: there is no complexity related to a large number of configured spatial relations. Hence, we propose that
[bookmark: _Toc525209305]FG 2-59 is removed.
Regarding FG 2-60, there are still many remaining unclarities where the complexity issues are. There is also an issue how the NW would actually use the feature group: since the signalling mechanisms for the TCI states and the spatial relations are different, it is not always possible to rely on the same RS for an active TCI state and an “active” spatial relation, even if the Rx and Tx beams in the UE would be the same. It is also unclear if all types of RSs that define a spatial relation are equally complex: e.g., is a spatial relation defined by an SRS as complex as a spatial relation defined by a TRS? There is also an issue of multi-level spatial relations: e.g, if the spatial relation of an SRS is defined by an SSB, and a PUCCH uses that SRS as a spatial relation, is that one or two (active) spatial relations?
Based on the above arguments, we propose that
[bookmark: _Ref525209264][bookmark: _Toc525209306]Reformulate 2-60 into a capability on the number of DL RS used in active spatial relations.
As commented above, the signalling mechanisms for TCI states and spatial relations are different. This will make it difficult to rely only on the RSs in the active TCI state(s) in the spatial relations:
[bookmark: _Toc525209297]Since the signalling mechanisms are different for TCI states and spatial relations, it is not possible to only use the RSs in the active TCI states to define the spatial relations.
It may be so that with the interpretation in Proposal 7, it may be possible to include 2-60 as part of another feature group, e.g., 2-51.
2.2	Mechanism to recovery from beam failure
2.2.1	Default UL beam for PUCCH 
In RAN1#94, the spatial relations used by the UE after beam failure was discussed. It is reasonable to assume that the spatial relations after beam failure are invalid, and it is better that the UE uses a spatial relation corresponding to the PRACH transmission. However, there was a discussion which PUCCH resources should reset their spatial relations. The following agreement was reached:

Agreement
Downselect among the following two alternatives in RAN1#94bis
· Alt 1: K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources
· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission
· FFS: value of K
· Alt 4: K symbols after successfully receiving BFR gNB response, the transmissions of PUCCH resources for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled from SearchSpace-BFR shall use the same spatial filter as the PRACH transmission until the UE receives a MAC-CE activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources
· FFS: value of K
· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission



In Alt 4, we make a distinction between the PUCCH resources: some of the PUCCH resources actually keep their previously configured spatial relations. E.g., if the UE is configured to transmit periodic CSI reports of PUCCH, these PUCCH resources would use the previously configured spatial relations. We find this odd, since these spatial relations are most likely outdated: these spatial relations are as outdated as the one used to transmit HARQ ACK/NAK. Moreover, alt 4 will require that the NW keeps track of which PUCCH resources have been used to send ACK/NAKs for a particular MAC CE message. Not only does this introduce the need for significant book keeping at the NW, it also introduces a coupling between message content and physical layer parameters, which is extremely unfortunate.
Hence, we propose:
The UE uses the spatial relation of the PRACH for all its PUCCH resources until new spatial relations have been activated.
In RAN1#94 only PUCCH was discussed. However, in order not to interrupt the communication, a similar agreement is needed also for the spatial relations for SRS, which in term controls the spatial relation for PUSCH. Hence, we propose
[bookmark: _Ref525211550]The UE uses the spatial relation of the PRACH for all its configured SRS resources until new spatial relations have been activated. 
Note that for DCI format 0_0, the spatial relation of the PUSCH follows the spatial relation of PUCCH, in which case Proposal 9

2.2.2	Clarifications for contention-based beam failure recovery
RAN1 has agreed to support contention-based and contention-free link recovery. One case where the UE shall perform contention-based link recovery is when the UE has not been configured with a dedicated control resource set or a dedicated search space for the reception of the link recovery response. 
The behaviour in this situation was captured in the following agreement from RAN1#93:
· (Working Assumption) If either CORESET associated with SearchSpace-BFR or SearchSpace-BFR is not configured, UE assumes contention-free PRACH BFR is not performed. 
· In this case, SearchSpace-0 or CORESET-0 is not used for monitoring contention-free PRACH BFR response.
· If either CORESET associated with SearchSpace-BFR or SearchSpace-BFR is not configured, UE can still perform contention-based PRACH BFR based on configuration.
· Send LS to RAN2


The agreement aimed to capture the situation where recoverySearchSpaceId was not defined, or when recoverySearchSpaceId was defined without a CORESET. The agreement also aimed to capture that the UE will not perform contention-free link recovery if these parameters are not defined.
Currently, this agreement is not captured in [5]. This means in particular that it may be unclear how the UE performs the monitoring of the link recovery response. We note that 38.321 [8] provides separation between the monitoring for the response to contention-free link recovery and other cases: 
Excerpt from 38.321, section 5.1.4:
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while ra-ResponseWindow is running.
1>	else:
2>	start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.

So, 38.321 indicates that there is a separate procedure for the case when contention-based link recovery is performed: the monitoring procedure in MAC is the same as for other RACH cases. Unfortunately, there is no description in 38.213 how the monitoring is performed in this case.
As 38.321 states that the procedure for contention-based link recovery is the same as for other types of contention-based RACH, we propose to refer to the general description of random access in 38.213, i.e., section 8:
[bookmark: _Ref521394709][bookmark: _Toc521670119][bookmark: _Toc525209307]When performing contention-based link recovery, the UE performs random access according to section 8 in 38.213.
Furthermore, it should be specified that if the UE is not provided a control resource set for a search space set provided recoverySearchSpaceId or if the UE is not provided recoverySearchSpaceId, the UE may perform contention-based link recovery:
[bookmark: _Ref521394712][bookmark: _Toc521670120][bookmark: _Toc525209308]If the UE is not provided a control resource set for a search space set provided recoverySearchSpaceId or if the UE is not provided recoverySearchSpaceId, the UE may perform contention-based link recovery.
A text proposal implementing this proposal is in Section 3.2.
2.2.3	Beam failure detection in C-DRX
Currently, the description in [5] makes no distinction between beam failure detection in non-DRX and DRX modes. This means that the UE would have to assess the quality of all the signals with a period equal to the period of the beam failure detection RS also during the non-active periods during DRX. This would lead to that the power savings during DRX would be significantly reduced. In contrast, the monitoring interval for radio link monitoring is increased in DRX. We propose to apply a similar relaxation also for beam failure detection:

[bookmark: _Ref521586660][bookmark: _Toc521670122][bookmark: _Toc525209309]In DRX, the UE only has to evaluate the quality of the elements in the set  once per DRX period.
A text proposal is given in section 3.3.
[bookmark: _Ref189046994]3	Text Proposal
3.1 Text proposal for Proposal 4 and Proposal 5
>>> Text Proposal for 38.214 Section 5.2.5 >>>

The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot+1. After a UE receives higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'. 

>>> End Text Proposal >>>

>>> Text Proposal for 38.213 Section 10.1 >>>




For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first PRB of the first group of 6 PRBs has index . A group of 6 PRBs is allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.

If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure. 

If the UE has received a MAC CE activation command for one of the TCI states, the UE applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command.

>>> End Text Proposal >>>

3.2 Text proposal for Proposal 6

>>> Text Proposal for 38.213 Section 6  >>>





The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot  and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index  provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot  within a window configured by higher layer parameter BeamFailureRecoveryConfig. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as the ones associated with index  until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpaceId, the UE continues to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state or higher layer parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.

If the UE is not provided a control resource set for a search space set provided recoverySearchSpaceId or if the UE is not provided recoverySearchSpaceId, the UE may perform contention-based random access according to section 8.

>>> End Text Proposal >>>

3.3 Text proposal for Proposal 7
>>> Text Proposal for 38.213 Section 6 >>>



The physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. In non-DRX mode operation, Tthe physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and 2 msec. In DRX mode operation, the physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and the DRX period.
>>> End Text Proposal >>> 

3.4	Text proposal for Proposal 1, Proposal 2 and Proposal 3
>>> Text Proposal for 38.214 Section 5.2.1.5.1 >>>

-	For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP. If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition is smaller than the UE reported threshold the UE applies a default the QCL assumption of the OFDM symbol where the CSI-RS resources are mapped.
>>> End Text Proposal >>> 
Conclusion
In the previous sections we made the following observations: 
Observation 1	Since the signalling mechanisms are different for TCI states and spatial relations, it is not possible to only use the RSs in the active TCI states to define the spatial relations.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The NW may schedule ap-CSI-RS for beam management with a shorter delay than a threshold, in which case the UE applies a default QCL assumption.
Proposal 2	The threshold relevant for aperiodic CSI-RS is the threshold in UE feature 2-28, which is different from the threshold in UE feature 2-2.
Proposal 3	If an aperiodic CSI-RS is scheduled with a delay smaller than the advertised threshold, the UE applies the QCL assumption for the OFDM symbol(s) where the CSI-RS resource is mapped.
Proposal 4	Remove the statements in 38.213 and 38.214 describing the UE behaviour between RRC configuration and MAC CE activation.
Proposal 5	Component 4 and component 5 of UE capability 2-51 are removed.
Proposal 6	FG 2-59 is removed.
Proposal 7	Reformulate 2-60 into a capability on the number of DL RS used in active spatial relations.
Proposal 8	When performing contention-based link recovery, the UE performs random access according to section 8 in 38.213.
Proposal 9	If the UE is not provided a control resource set for a search space set provided recoverySearchSpaceId or if the UE is not provided recoverySearchSpaceId, the UE may perform contention-based link recovery.

Proposal 10	In DRX, the UE only has to evaluate the quality of the elements in the set  once per DRX period.
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