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1. Introduction
This contribution continues the discussion of beam management configuration parameters.
2. Maximum number of beam switches per slot
To keep UE hardware size and energy consumption reasonable, the number of beam switches the UE needs conduct within a slot should be limited by the gNB. In this regard, the following scenarios count as a beam switch by the UE:
1. change of the UE DL-beam
2. change of the UE UL-beam
3. transition from DL to UL
4. transition from UL to DL.
The gNB should assume that UE needs to change its beam at a symbol boundary, if the QCL indication from the gNB changes at the symbol boundary. In case no QCL indication is provided, the gNB should assume a UE beam change occurs, if the gNB beam changes.
It is practicable to define a corresponding parameter in the UE capability section 6.3.3 of TS 38.331. The set of possible values should include the value 7.
[bookmark: _Hlk503531553]Proposal 1: The gNB shall schedule the UE in such a way that the required number of UE beam switches within a slot is limited by an upper bound. This bound is conveyed during the UE capability exchange. The set of possible values for this bound should contain the number 7.
3. Number of RSRP measurements for SSB / CSI-RS resources
In section 5.2.1.4 of TS 38.214 v2.0.0 it is mentioned that for the case that the higher layer parameters ReportQuantity and group-based-beam-reporting are set to ‘CRI/RSRP’ and ‘OFF’, respectively, the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources. We believe 64 is a generous upper bound. It is sufficient, if the UE tracks RSRP for a far lesser number of resources. This number, nrMaxMeasuredRS, should also be part of the UE capabilities. The set of possible values should include the numbers 8 and 16. The mentioned paragraph in section 5.2.1.4 can be updated to include the stipulation, that a higher layer parameter, nrMaxMeasuredRS, derived from UE capabilities, limits the number of resources for which the UE has to track L1-RSRP. This should also apply for the case where the UE reports groups of beams, i.e. the group-based-beam-reporting
[bookmark: _Hlk503531598]Proposal 2: Limit the number of [CSI-RS/SSB] resources for which the UE has to track L1-RSRP simultaneously for reports where the ‘ReportQuantity’ is set to ‘CRI/RSRP’ by an upper bound ‘nrMaxMeasuredRS’. The upper bound shall be included in the UE capabilities and the values 8 and 16 shall be possible choices. Mention this UE specific upper bound ‘nrMaxMeasuredRS’ in section 5.2.1.4 of TS 38.214. This limit should be valid independently of whether the parameter ‘group-based-beam-reporting’ is ‘ON’ or ‘OFF’.
4. Limiting beam management related reports to L1-RSRP
In section 5.2.1.4 of TS 38.214 v2.0.0 for the case that ‘ReportQuantity’ and ‘group-based-beam-reporting’ are set to ‘CRI/RSRP’ and ‘ON’, respectively, it is stated that the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports … . It seems a typo has occurred and the word ‘CSI’ should be replaced by ‘CRI and SSBRI’ as this is the critical ingredient that informs the gNB which beams the UE can receive simultaneously.
As a general rule, we would like to include a statement in the specification TS 38.214 that for purposes of beam management the UE shall only be configured to report L1-RSRP and CRI/SSBRI.
[bookmark: _Hlk503531606]Proposal 3: For the case ‘group-based-beam-reporting’ set to ‘ON’, section 5.2.1.4 in TS 28.214 shall state that the UE reports L1-RSRP and ‘CRI or SSBRI’ for those beams it can receive simultaneously. 
[bookmark: _Hlk503559683]Proposal 4: For purposes of beam management the UE is not expected to report parameters other than CRI/SSBRI/RSRP as part of CSI report.

5. Scheduling latency for PDSCH when FDMed with SS or CSI-RS for beam management and mobility
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Figure 1: Different beam pairs for PDSCH and SS blocks

This section discusses the scheduling latency for PDSCH when FDMed with SS or CSI-RS for beam management and mobility. The following is essentially a rewrite of an earlier contribution [2].
In a multi-beam scenario, gNB sweeps SS and/or CSI-RS beams towards different directions. gNB also pre-configures UE regarding the locations of SS and CSI-RS in advance. UE may need different RX beams to monitor these SS and CSI-RS. During measurement window, UE varies its RX beam from slot to slot to receive corresponding SS and/or CSI-RS beams. UE needs some time to tune/prepare its RX beams. Hence, in order to track a SS/CSI-RS beam in slot n, UE may have to prepare its RX beam during the interval between slot n-K and slot n, whereby K depends on the capability of the UE. One can reasonably expect that K slots is in the order of Threshold-Sched-Offset as introduced in section 5.1.5 of TS 38.214.
[bookmark: _Hlk503548354]Observation 1: UE needs some time to tune its RX beams. In order to track SS/CSI-RS for beam management and/or mobility in slot n, UE may have to start tuning its RX beams in slot n-K.
If a UE has only one RX panel, it cannot simultaneously receive SS/CSI-RS and data signals unless they are spatially QCLed. Figure 1 shows gNB transmitting SS and PDSCH with two different beams. UE also has to use two different RX beams to receive these signals from gNB.
[bookmark: _Hlk503548362]Observation 2: If a UE has only one RX panel, it cannot simultaneously receive SS/CSI-RS and data signals unless they are spatially QCLed.
If a PDSCH not QCL with SS/CSI-RS is scheduled, the gNB may expect the UE to prioritize the PDSCH and drop the SS/CSI-RS. If the grant for PDSCH comes after slot n-K, UE will find it impossible to retune its RX beam to receive data because it needs time K to decode the grant and prepare the RX beam for PDSCH. 
Note that in this scenario, even if the gNB transmits the PDSCH with the ‘default beam’, i.e.  the beam used for PDCCH with the lowest CORESET-ID, the grant has to come no later than slot n-K. The reason is that in the absence of SSB/CSI-RS, the UE would prepare the PDCCH UE-beam for slot n, if no PDSCH grant has come in before or at slot n-K. But in the presence of SSB/CSI-RS it prepares the beamfor SSB/CSI-RS instead. 
So surely, if the gNB transmits PDSCH QCL with the SSB/CSI-RS beam, it can transmit the grant after slot n-K. But this scenario still has a wrinkle. The UE may have decided to vary its RX beam during the symbols of SSB/CSI-RS. If the grant comes in after slot n-K, it is too late for the UE to prepare the correct RX-beam and the UE is forced to decode PDSCH with the varying RX-beam/or even varying RX subarray, which may fail the data reception. Another wrinkle is the case where the PDSCH only partially overlaps in time with the SSB/CSI-RS. Then the UE would prepare for the symbols not used by SSB/CSI-RS the PDCCH beam, which would be unsuited for those PDSCH symbols. 
[bookmark: _Hlk503548335][bookmark: _Hlk503552466]Proposal 5: If PDSCH is FDMed with SSB/CSI-RS in slot n, the gNB has to transmit the associated DCI before or at slot n-K, even if PDSCH is transmitted with a beam used for PDCCH with the lowest CORESET-ID. Thereby K equals the parameter Threshold-Sched-Offset as introduced in section 5.1.5 of TS 38.214.
6. Latency for MAC-CE messages for beam management
In our contribution [1] we have discussed the minimum action time of a MAC-CE message regarding beam selection for PDCCH. Here, we want to generalize this minimum action time to all MAC-CE messages for beam management. The action time for MAC-CE messages may be specified in TS 38.321.
[bookmark: _Hlk503531623]Proposal 6: The minimum number of slots between the transmission of a MAC-CE message for beam management and its contents becoming effective for beam management is at least 20 slots.
7. Spatial QCL Reference of TCI states
For beam management with beam indication up to 2^N TCI states are used for QCL indication for PDSCH (see agreement below from RAN1 #91). R1-1721396	Summary of Beam Mgmt open issues	Qualcomm
…
Agreement:
A candidate set of DL RSs are configured using RRC mechanism
Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
…

If the QCL indication uses a SSB or periodic CSI-RS resource, the UE can autonomously update/maintain its RX-beam to accommodate for changes of the channel due to movement and change in orientation of the UE. The periodicity of the SSB/periodic CSI-RS resource allows the UE to average all measurements with the same time invariant filter. This provides time invariant measurement quality and makes the performance of the UE algorithms more predictable and reliable.  
On the other hand, if the gNB beam is refined by a P2 procedure with an aperiodic CSI-RS, the UE will report the best aperiodic CSI-RS resource. The gNB will update one of the 2^N TCI states such the reported aperiodic CSI-RS resource will become the new spatial QCL source for the TCI state. The DCI for a future PDSCH will then point to the updated TCI state. In this situation, the UE can no longer autonomously update its Rx -beam. It relies on the gNB to schedule an aperiodic CSI-RS sufficiently often, but the gNB scheduler has no knowledge how often the P3 training is needed. 
It appears to be more efficient, if the gNB sets aside a periodic CSI-RS resource that is spatially QCL with the aperiodic CSI-RS resource pointed out by the UE. The periodic CSI-RS resource should then be the spatial QCL source for the updated TCI-state. This way the management of the UE beam for SSB based beams and refined beams is the same and has the same performance.
[bookmark: _Hlk503531650]Proposal 7: After beam refinement procedure by gNB,  gNB provides a periodic CSI-RS as QCL source for the updated TCI state.
8. Conclusions
Proposal 1: The gNB shall schedule the UE in such a way that the required number of UE beam switches within a slot is limited by an upper bound. This bound is conveyed during the UE capability exchange. The set of possible values for this bound should contain the number 7.
Proposal 2: Limit the number of [CSI-RS/SSB] resources for which the UE has to track L1-RSRP simultaneously for reports where the ‘ReportQuantity’ is set to ‘CRI/RSRP’ by an upper bound ‘nrMaxMeasuredRS’. The upper bound shall be included in the UE capabilities and the values 8 and 16 shall be possible choices. Mention this UE specific upper bound ‘nrMaxMeasuredRS’ in section 5.2.1.4 of TS 38.214. This limit should be valid independently of whether the parameter ‘group-based-beam-reporting’ is ‘ON’ or ‘OFF’.
Proposal 3: For the case ‘group-based-beam-reporting’ set to ‘ON’, section 5.2.1.4 in TS 28.214 shall state that the UE reports L1-RSRP and ‘CRI or SSBRI’ for those beams it can receive simultaneously. 
Proposal 4: For purposes of beam management the UE is not expected to report parameters other than CRI/SSBRI/RSRP as part of CSI report.
Observation 1: UE needs some time to tune its RX beams. In order to track SS/CSI-RS for beam management and/or mobility in slot n, UE may have to start tuning its RX beams in slot n-K.
Observation 2: If a UE has only one RX panel, it cannot simultaneously receive SS/CSI-RS and data signals unless they are spatially QCLed.
Proposal 5: If PDSCH is FDMed with SSB/CSI-RS in slot n, the gNB has to transmit the associated DCI before or at slot n-K, even if PDSCH is transmitted with a beam used for PDCCH with the lowest CORESET-ID. Thereby K equals the parameter Threshold-Sched-Offset as introduced in section 5.1.5 of TS 38.214.
Proposal 6: The minimum number of slots between the transmission of a MAC-CE message for beam management and its contents becoming effective for beam management is at least 20 slots.
[bookmark: _GoBack]Proposal 7: After beam refinement procedure by gNB,  gNB provides a periodic CSI-RS as QCL source for the updated TCI state.
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