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Introduction
In this contribution, we summarize our views on details of our BPL update procedure. Related beam management contributions include [2][3][4].
Beam Indication Mechanisms
In the 3GPP NR AH2 meeting, one topic which was left for further study was to identify the “relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes”. At a high level, beam indication schemes can be classified into those tagging a BPL with a gNB transmission beam or those tagging a BPL with a UE receive beam. Some candidate beam indication proposals, by no means exhaustive, are listed below:
Scheme 1 (Explicit index to a transmission beam, proposed in [4]): A BPL index is dynamically indicated in a DL assignment and/or P2/P3 sweep when triggering measurement and reporting on a set of CSI-RS resources. The BPL index is explicitly linked to a corresponding QCL RS (SS Block/CSI-RS) resource. The index unambiguously conveys to the UE which RX spatial filtering configuration to use, based on past UE measurements made on the same QCL RS resource. 
Scheme 2 (Measurement Indicator based, proposed in [5]): A “Measurement Indicator” (MI) is dynamically indicated to the UE in the DCI conveying DL assignment and/or P2/P3 sweep when triggering measurement and reporting on a set of CSI-RS resources. The MI serves as a simultaneous reference to a particular TX spatial filter configuration (from gNB perspective) and a receive spatial filter configuration (from UE perspective). Both the gNB and UE apply their respective TX and RX spatial filter configuration based on the most recent measurement report triggered for the same MI value.
Scheme 3 (UE-beam, proposed in [6]): The beam indication for PDSCH and PDCCH is performed by indicating a “tag” to the UE. The tag serves as a proxy for a given RX spatial filter configuration at the UE.
[bookmark: _Ref490150808]Scheme 1 (Explicit index to transmission beam)
In this scheme, a BPL index is dynamically indicated in a DL assignment and/or P2/P3 sweep when triggering measurement and reporting on a set of CSI-RS resources. Each BPL index is linked to a QCL RS (SS Block/CSI-RS) resource; knowledge of the linkage enables the UE to determine which RX spatial filtering configuration it should apply based on past measurements the UE has made on that QCL RS resource.
A CONNECTED mode UE may assume a default PDCCH/PDSCH BPL is established with the QCL RS corresponding to the serving SS block and/or QCL-ed CSI-RS. Additional BPLs can be established by the network based on the pending queue sizes, UE measurement reports and the reception capabilities of that UE. For example, if the UE reports a new candidate beam via measuring P/SP CSI-RS, the network could add a BPL associated with that P/SP CSI-RS as QCL RS. And if the UE detects than the signal strength of an existing QCL RS has deteriorated (due to change in radio environment), the network could update the QCL RS for that BPL to a different candidate beam based on the UE’s previous beam group reports. Note that the UE is already aware of which RX spatial filter configuration is used to receive the new candidate beam; it simply has to look up the RX spatial filtering configuration used to generate the most recent beam group report containing the new candidate beam.
MAC-CE based BPL establishment and maintenance provides a good balance between low latency and signalling reliability at least for the case when the QCL RS corresponds to SS Block and CSI-RS P/SP CSI-RS. MAC-CE based BPL establishment and maintenance provides a good balance between low latency and signalling reliability at least for the case when the QCL RS corresponds to SS Block and CSI-RS P/SP CSI-RS. As an example, when the UE measurement reports indicate that a candidate resource RS2 (e.g. P CSI-RS) is stronger than the current QCL RS (RS1 e.g. SS block), MAC-CE signalling indicates to the UE that that BPL index is now linked to QCL RS (RS2). Whenever the gNB subsequently indicates that BPL index, the UE retrieves its RX spatial filtering configuration corresponding to RS2 for PDSCH/PDCCH reception on that BPL. 
To employ refined beams, the gNB could trigger beam refinement procedures via P2/P3 on an “on-demand” resource such as AP CSI-RS. The linkage of a BPL to an AP CSI-RS based QCL RS can be signalled either via the MAC-CE used to activate that AP CSI-RS (agreed in RAN1 #88bis) or via the scheduling DCI for triggering P2/P3 beam sweep on that AP CSI-RS resource. Following P2/P3 beam sweep via AP CSI-RS on a given BPL index, when the UE receives a subsequent DL assignment on that BPL index, the UE may use that AP CSI-RS as QCL RS for receiving its PDSCH.
To summarize, the above described procedures cover several important use-cases [2][3]:
· SS block is used as QCL RS for both PDSCH and PDCCH
· SS block beam is used as QCL RS for PDCCH; P/SP CSI-RS (QCL-ed with that SS Block) is used as QCL RS for PDSCH
· P/SP CSI-RS is used as QCL RS for PDCCH; AP CSI-RS (QCL-ed with P/SP CSI-RS) is used as QCL RS for PDSCH
It has been agreed (in RAN1 #88bis) that as part of beam failure recovery, at least P CSI-RS and potentially SS Block will be used as beam failure detection RS and candidate beam identification RS; this provides additional motivation for the above mentioned CSI-RS/SS Block based beam management use cases.
Scheme 2 (Measurement indicator)
The MI based scheme proposed in [5] relies on the gNB and UE keeping a record of their preferred spatial filtering configuration for a given MI value based on previous beam sweep procedures. An MI value is sent in the DCI that triggers an aperiodic CSI measurement report from the UE. When the gNB triggers a P2 beam sweep with DCI containing MI = a, the UE reports a preferred CRI value while keeping its RX spatial filter configuration the same as the one used in the most recently transmitted measurement report for MI = a; upon receipt of the measurement report feedback, the network updates its record to reflect that for MI = a, the preferred TX spatial filter corresponds to the UE reported CRI value. When the gNB triggers a P3 beam sweep with MI = b, the network holds its TX spatial filter configuration constant, and the UE varies its RX beam; thus the UE cannot assume that its RX spatial filtering configuration stays identical to the one used in the most recent measurement report with MI = b. Following the P3 beam sweep, the UE updates its RX spatial filter configuration to reflect its preferred receive beam for MI = b. In subsequent PDCCH and PDSCH transmission associated with MI = b, both gNB and UE apply their respective notions of the TX and RX spatial filter configuration associated with the most recent measurement reports associated with MI = b.
We identify the following drawback with the MI mechanism for beam indication: The MI mechanism is optimized for a specific use case where the network/UE maintain a set of spatial filter configurations linked to the index of an aperiodic CSI report. While it is certainly true that relying only on AP CSI-RS for beam management is a valid use-case, frequent aperiodic CSI trigger incurs (expensive) DCI overhead. This overhead can be non-trivial considering that due to analog beamforming limitations, the number of schedulable users in each slot is already rather small. 
As indicated in Section 3, two other valid use-cases include usage of P/SP CSI-RS or on P/SP + AP CSI-RS [3] for beam maintenance. Operationally, the network could transmit PDSCH on a BPL tagged to P/SP CSI-RS resource, which suffices for UEs in good coverage. Alternatively, the network could tag a PDSCH BPL to a QCL RS based on a P/SP CSI-RS resource and switch over to AP CSI-RS on that BPL if it is desired to employ narrow beams for either spatial multiplexing or coverage extension. All these cases are covered quite naturally in Scheme 1. Scheme 1 and Scheme 2 appear more or less equivalent (if only AP CSI-RS is used).
Scheme 3 (UE-beam tagging)
The beam indication for PDSCH and PDCCH is performed by indicating a “tag” to the UE. The tag serves as a proxy for the RX spatial filter configuration it should use for receiving the corresponding transmission. On each tag, the UE is aware of what is the RX spatial filtering configuration it should apply, however the UE is not aware of whether each tag is mapped to one gNB transmission beam or more than one gNB transmission beams. Compared to Schemes 1 and 2, the main benefit of a UE-beam tag based beam indication scheme is that the gNB can maintain more transmission beams for the same tag space (or number of beam indication bits).
In comparison to Schemes 1 and 2, Scheme 3 is a UE-based beam tagging scheme. Thus, it requires the network to perform book-keeping to keep track of the tag index (RX spatial filter configuration) the UE employs while receiving a given gNB transmission beam. Keeping the network “in sync” with the UE’s receive filter configuration requires control signalling messages to be exchanged between the network and the UE. For example, if the gNB adds a new BPL, the UE may have to send a control message to the gNB if the tag associated with the newly added BPL is already present within the set of tags used to receive gNB’s existing BPLs. Another example is when the gNB schedules a P3 beam sweep, the UE may have to send a control message the tag of the refined RX beam. Similar control messages will have to be sent from the network to the UE, for example, in the event that gNB deletes an existing BPL, or if the P3 beam sweep involves refining a UE tag (beam) that is also present on a different BPL.
 For transmission of uplink control signalling messages, the associate signalling could involve defining an SR like message transmitted via L1 signalling (e.g. PUCCH) or conveying the associated information via MAC-CE signalling. Adding a new PUCCH message may be undesirable given the limited time frame for completing Rel-15. MAC-CE is a possible alternative, however, transmitting the MAC-CE will complicate the UL gNB scheduler since it requires the gNB to provide a dedicated UL grant just to pull in the UL control message (even if the UE indicates zero queue size in its BSR). The associated overhead and frequency of transmission of control messages should be further studied. In addition to the increased control overhead, the gNB implementation is more complex to accurately maintain and map the UE’s RX beam tag to the correct set of BPLs. Finally, it is unclear as to what is the impact on system performance (in terms of latency) since the BPL related book-keeping has to be accurately performed in presence of a potentially unreliable feedback link. 
Conclusions
In this contribution, we discussed details of candidate BPL update schemes. Based on our analysis, Scheme 1 covers flexibly a variety of beam management use cases covered in [2] [3]. Therefore, the following is proposed.
Proposal: Support BPL tagging to a corresponding gNB transmission beam using Scheme 1. 
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