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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	Remaining details for aperiodic CSI-RS 
The following agreements have been reached regarding aperiodic CSI-RS triggered with a delay smaller than a threshold:
Agreement (RAN1#94)
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
Agreement (RAN1#94bis)
For the aperiodic CSI-RS triggering, at least the three lowest values of threshold FG 2-28 is used, where there is support in the RRC specification for corresponding triggering slot offsets. The UE is expected to apply the QCL assumptions in the indicated TCI states if the scheduling delay exceeds the threshold advertised in FG 2-28.
Agreement (RAN1#94bis)
Send an LS to RAN2 to inform of the following:
· RAN1 observed that the two values 224 and 336 from UE capability (FG 2-28) are larger than the existing aperiodicTriggeringOffset 
· RAN2 to consider the RAN1 input and if possible, consider making the specification change 
Agreement (RAN1#94bis)
The default QCL assumption the UE applies in case the scheduling delay is smaller than a threshold: 
· After successful decoding of DCI scheduling the PDSCH, if there is only PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS follows the QCL assumption of the PDSCH. 
· Note: Scheduling offset of the PDSCH is larger than or equal to the threshold in this case
· If there is no PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS is derived from CORESET with lowest CORESET Id.
· FFS: When there is other downlink signal in the same symbols as the CSI-RS

There are still three remaining issues regarding aperiodic CSI-RS.
2.1.1.1	Extension to CSI-RS for beam management
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’. When the gNB performs a Tx beam sweep to find a new best TX beam, i.e., during the P2 procedure, there is no need for the UE to perform a simultaneous Rx beam sweep: the NW is interested in the measurement report with a default UE Rx beam.
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: _Ref525893164][bookmark: _Toc528939828]The NW may schedule ap-CSI-RS for beam management with a shorter delay than a threshold, in which case the UE applies the default QCL assumption.
A text proposal is given in the accompanying CR to [2].
2.1.1.2	The default QCL assumption
In RAN1#94bis, it was agreed that the if the aperiodic CSI-RS is transmitted in symbols where there is only PDSCH transmitted, the UE applies the QCL assumption of the PDSCH. Also, there is a note stating that in this case, the scheduling offset of the PDSCH is above a threshold. Clearly, there is a need to extend this agreement to handle also other cases.
It is relevant to consider two broad cases regarding default QCL assumption for aperiodic CSI-RS:
1. The UE receives, or expects to receive, another DL signal with a specified QCL assumption in the OFDM symbol(s) where the ap-CSI-RS is received.
2. The UE does not receive, or expect to receive, any other DL signal in the OFDM symbol(s) where the ap-CSI-RS is received.
For 1., the possible DL signals are
· PDSCH
· PDCCH (all the monitoring occasions)
· CSI-RS
· SS/PBCH block 
Each of these DL signals is associated with a QCL assumption. PDSCH is covered by the existing agreement. Here we propose to extend the agreement on PDSCH to other DL signals as well:
[bookmark: _Toc528939829]If an aperiodic CSI-RS is scheduled with a delay smaller than the advertised threshold and received in an OFDM symbol where the UE expects to receive another DL signal with a valid QCL assumption, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. 
For PDSCH scheduled with an offset above a threshold, this covers the already agreed default QC assumption. If the UE monitors PDCCH in the OFDM symbols where the ap-CSI-RS is mapped, the UE would apply the QCL assumptions of the CORESET. If the ap-CSI-RS coincides with another CSI-RS (periodic, semi-persistent or aperiodic scheduled after the threshold), the UE applies the QCL assumption of that other CSI-RS. And finally, if the ap CSI-RS is transmitted in the same symbol as an SS/PBCH block, the UE would apply the QCL assumption of the SS/PBCH block. Note however that RAN4 may restrict the possibilities to schedule ap-CSI-RS in symbols where the SS/PBCH block is transmitted.
For the other cases, the UE would rely on the same principle as for the PDSCH, i.e., apply the QCL assumption of the default CORESET:
[bookmark: _Ref528586236][bookmark: _Toc528939830]If an aperiodic CSI-RS is scheduled with a delay smaller than the advertised threshold and received in an OFDM symbol where the UE does not expect to receive any other DL signal, the UE applies the QCL assumption of the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE [2].  


Proposal 3 covers the common case when the aperiodic CSI-RS is scheduled in a slot where a PDSCH is scheduled with a delay shorter than a threshold. In this case, both the ap-CSI-RS and the PDSCH uses the QCL assumptions of the default CORESET.
A text proposal is given in the accompanying CR to [2].
2.1.1.3	The threshold
The agreement from RAN1#94bis states that at least the three lowest values of the threshold in FG 2-28 are used. The reason for only including the three smallest values is that the RRC specification only allowed for triggering slot offsets corresponding to the three lowest values.
However, this is no reason for this limitation. The FG 2-28 was introduced for this specific purpose, and it is very unclear what the NW would do if the UE reports one of the two largest values in FG 2-28, which the UE can do. Here we suggest removing that limitation: 
[bookmark: _Ref525893167][bookmark: _Toc528939831]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. 
A text proposal is given in the accompanying CR to [2].
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 signaling 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. For FR2, up to 64 SSBs, corresponding to different beams, can be configured in a cell. Each beam should be associated to a TRS for tracking in a corresponding configured TCI state. Thus, it is proposed that at least for FR2, it is mandatory for the UE support configuration of 64 TRSs per CC.
Since QCL Type A cannot be conveyed across CCs, each CC will need a separate set of TRSs. Due to huge bandwidths available in FR2, CA will be deployed already in the initial phase. Even with a moderate number of SS/PBCH beams, close to a 100 TRSs will be needed for 8 CCs. Thus, it is proposed that
[bookmark: _Toc521670118][bookmark: _Toc528939832]For FG 2-51 C-4: The UE is mandated to signal 64 at least for FR2
[bookmark: _Toc528939833]FG 2-51 C-5: The UE is mandated to signal 128 at least for FR2
2.2	Mechanism to recovery from beam failure
2.2.1	Issue 1 on link recovery: agreement on contention-based link recovery not captured 
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 [1]. Therefore, we propose to capture this in 38.213:
[bookmark: _Ref521394712][bookmark: _Toc521670120][bookmark: _Toc528939834]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 according to section 8 in 38.213.
A text proposal is given in the accompanying CR to [1].
2.2.2	Issue 2 on link recovery: validity of TCI states and spatial relations after beam failure
The QCL assumptions for PDCCH and PDSCH, as well as the spatial relations for PUCCH after beam failure are described in [1]. However, in our understanding, that text only describes contention-free beam recovery. Thus, the corresponding text for contention-based beam recovery should be added. 
The recovery part of contention-based beam recovery is described in section 8 in [1]. However, the current text in section 8 does not describe the handling of TCI states or spatial relations in detail: it is either assumed that the UE does not have any TCI states or spatial relations (like during connection setup) or that the TCI states or spatial relations are unaffected (as for contention-free PRACH triggered by a PDCCH order).
For beam failure, neither of these assumptions are correct: the UE does have TCI states or spatial relations, and they are affected: after beam failure, the UE should effectively ignore the activated TCI states/spatial relations. This behaviour should be captured in section 8 in [1].
A natural place to do this is at the very beginning of the RACH procedure. Once a random access procedure is initiated for contention-based link recovery, the UE should consider all TCI states to be deactivated for PDCCH and PDSCH, and all spatial relations for PUCCH and SRS should also be deactivated. The QCL assumptions for Msg2 and Msg4 are described in section 8. For the remaining DL messages before activation, the QCL assumptions are up to UE implementation, as is generally the case for the period between RRC configuration and MAC CE activation. The spatial relation for Msg3 and subsequent UL messages before activation, the spatial relations are up to UE implementation, as is generally the case for the period between RRC configuration and MAC CE activation. Thus, we propose
[bookmark: _Toc528939835]If the random access procedure is initiated by contention-based link recovery, the UE deactivates all TCI states for PDCCH and PDSCH, and all spatial relations for PUCCH and SRS.
A text proposal is given in the accompanying CR to [1].
2.2.2	Issue 3 on link recovery: inconsistent description of beam failure detection in C-DRX
Currently, there is a discrepancy between descriptions in [1] and [5] regarding the indication interval in DRX. Whereas [1] makes no distinction between beam failure detection in non-DRX and DRX modes, [5] clearly makes the relevant distinction. With the description in [1] 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. Here, the description of RLM in [1] differentiates between the non-DRX and DRX cases. Thus, we propose to make the same distinction for beam failure detection to resolve the inconsistency:

[bookmark: _Ref521586660][bookmark: _Toc521670122][bookmark: _Toc528939836]In DRX, the UE only has to evaluate the quality of the elements in the set  once per DRX period.
[bookmark: _Ref189046994]A text proposal is given in the accompanying CR to [1].
Conclusion
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 the default QCL assumption.
Proposal 2	If an aperiodic CSI-RS is scheduled with a delay smaller than the advertised threshold and received in an OFDM symbol where the UE expects to receive another DL signal with a valid QCL assumption, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS.
Proposal 3	If an aperiodic CSI-RS is scheduled with a delay smaller than the advertised threshold and received in an OFDM symbol where the UE does not expect to receive any other DL signal, the UE applies the QCL assumption of the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE [2].
Proposal 4	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 5	For FG 2-51 C-4: The UE is mandated to signal 64 at least for FR2
Proposal 6	FG 2-51 C-5: The UE is mandated to signal 128 at least for FR2
Proposal 7	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 according to section 8 in 38.213.
Proposal 8	If the random access procedure is initiated by contention-based link recovery, the UE deactivates all TCI states for PDCCH and PDSCH, and all spatial relations for PUCCH and SRS.

Proposal 9	In DRX, the UE only has to evaluate the quality of the elements in the set  once per DRX period.
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