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1	Introduction
In the eMIMO WID [1], signalling reductions are identified as an improvement area, and during the initial part of the eMIMO specification, some agreements have been made that would reduce the need for RRC signalling to perform the beam management procedures.
In this contribution, we show that RRC signalling may still be required to perform beam-based power control and describe how this can be solved.
[bookmark: _Ref178064866]2	Discussion
NR is sometimes referred to as a beam-based system. Many of the procedures are adapted to handle deployments where signals are transmitted in beams, e.g., mobility and power control. In addition, there is a new set of beam management procedures that operate using QCL-TypeD and spatial relations.
To update QCL-TypeD assumptions and spatial relations, signalling is in some cases needed. Of course, it is always important to keep the signalling overhead low, and in attempt to do that, RAN1 decided early in the Rel-15 standardization that beam management should rely on L1/L2 signalling, i.e., avoid RRC reconfigurations to handle UE mobility within the cell. RAN2 made a similar agreement stating that there are two types of mobility: 
· Mobility with RRC involvement
· Mobility without RRC involvement
The first type of mobility could also be called inter-cell mobility, whereas the second type is equivalent to beam management.
Once Release-15 was completed, it was realized that RRC reconfigurations were required in some cases to handle intra-cell mobility. For instance, the number of configured spatial relations for PUCCH was too low, and spatial relations for aperiodic SRS could only be updated using RRC. This was identified as a short coming of Release-15, and therefore signalling reductions were included in the eMIMO WID for Release-16. [1]. 
[bookmark: _Hlk7533239]During the Release-16 standardization, some of these problems have been fixed, leading to that RRC reconfigurations can be avoided: the number of configured spatial relations for PUCCH has been increased. However, we have identified that there is still one area where RRC reconfigurations are required to compensate for UE movement within the cell: beam-based power control.
The power control loops for the PUCCH, PUSCH and SRS reuse the LTE paradigm: an open-loop part, where the UE adjusts is TX power based on the received power of a DL reference signal, and a closed-loop part where the NW performs adjustment based on received power. The DL reference signal used for open-loop power control is called pathloss reference RS. Much of the discussion will be on how the pathloss reference RS is updated to handle UE movement. 
As will be clear from the discussion in the contribution, the beam-based power control is not designed to handle UE mobility. The only way to avoid RRC reconfigurations is to avoid configuring any pathloss reference RSs at all, which will imply that the UE would by default use a non-specified SS/PBCH block as pathloss reference RS:
[bookmark: _Toc7701440]The only way to avoid RRC reconfiguration of the power control is to rely on a default SS/PBCH block as pathloss reference RS. 
The power control configurations for the PUSCH, PUCCH and SRS are somewhat different and will be separately described.
[bookmark: _Ref7700943]2.1	PUCCH power control
For PUCCH, the pathloss reference RS is part of the PUCCH spatial relation, as shown in this excerpt from [3]:
PUCCH-SpatialRelationInfo ::=           SEQUENCE {
    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,
    servingCellId                           ServCellIndex                        		OPTIONAL,   -- Need S
    referenceSignal                         CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                                NZP-CSI-RS-ResourceId,
        srs                                     SEQUENCE {
                                                    resource                            SRS-ResourceId,
                                                    uplinkBWP                           BWP-Id
                                                }
    },
    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,
    p0-PUCCH-Id                             P0-PUCCH-Id,
    closedLoopIndex                         ENUMERATED { i0, i1 }
}

As soon as the spatial relation of the PUCCH is updated, the pathloss reference RS for the PUCCH is updated. During the Release-16 work, RAN1 has agreed to increase the maximum number of configured spatial relations for PUCCH to 64. However, the total number of PUCCH pathloss reference RSs is only 4:
maxNrofPUCCH-PathlossReferenceRSs       INTEGER ::= 4       

Thus, even if we define, e.g., 16 spatial relations for PUCCH, and use MAC CE to switch between these 16 to handle UE mobility, these 16 spatial relations share only 4 pathloss reference RSs, so power control will not work well. 
To solve this, a simple way is to increase the maximum number of PUCCH pathloss reference RSs to 64:
[bookmark: _Toc7701441][bookmark: _Hlk7533395]Increase the maximum number of PUCCH pathloss reference RSs to 64.
2.2	SRS power control
For SRS, the pathloss reference RSs is configured as part of the SRS resource set. To update the pathloss reference RS of the SRS, RRC reconfiguration is currently needed. In the work on signalling reduction, it has already been agreed that it should be possible to update the spatial relation of an aperiodic SRS using MAC CE, a signalling option that already exists for semi-persistent SRS. However, since such an update of the spatial relation does not impact the pathloss reference RS (in contrast to the PUCCH), the UE will continue to use the configured pathloss reference RS, essentially meaning that the UE will transmit SRS using too high TX power.
There are (at least) two options to solve this:
1. Move the pathloss reference RS into the SRS spatial relation, as for PUCCH. Any update of the spatial relation will lead to that the pathloss reference RS is also updated.
2. Introduce the possibility to activate SRS resource sets using MAC CE. Here we would thus define multiple SRS resource sets and activate one of them using MAC CE.
Since the SRS power control states that different SRS ports should be transmitted with the same power, it could be dangerous to be able to configure the UE with different power control path loss DL RS for different SRS resources. Also, we note that we in our companion contribution [2] have proposed to activate SRS resource sets using MAC CE. Hence, we propose to
[bookmark: _Toc7701442]Introduce the possibility to activate SRS resource sets using MAC CE.
More details on the signalling can be found in [2].
2.3	PUSCH power control
For PUSCH, two things need to be done to avoid RRC reconfigurations as the UE moves: the number of pathloss reference RSs for power control must be increased, and MAC CE control of the SRI-PUSCH-PowerControl must be introduced. 
The first change is straightforward: similar to the change to PUCCH power control described in section 2.1 one RRC parameter needs to be updated:
maxNrofPUSCH-PathlossReferenceRSs       INTEGER ::= 4     

As for PUCCH, it makes sense to increase this to 64:
[bookmark: _Toc7701443]Increase the maximum number of PUSCH pathloss reference RSs to 64.
The PUSCH transmit power is controlled via the RRC IE SRI-PUSCH-PowerControl:
SRI-PUSCH-PowerControl ::=          SEQUENCE {
    sri-PUSCH-PowerControlId            SRI-PUSCH-PowerControlId,
    sri-PUSCH-PathlossReferenceRS-Id    PUSCH-PathlossReferenceRS-Id,
    sri-P0-PUSCH-AlphaSetId             P0-PUSCH-AlphaSetId,
    sri-PUSCH-ClosedLoopIndex           ENUMERATED { i0, i1 }
}
 
Given an SRI in the UL grant, the UE applies the open-loop power control parameters in the corresponding structure: the DCI points to one of parameter sets, in particular to one PUSCH pathloss reference RS. The simplest way to introduce MAC CE control over these parameter set is to state that MAC CE is used to down-select among a set of such SRI-PUSCH-PowerControl structures, and that the SRI points into this subset. Hence, we propose
[bookmark: _Toc7701444]Introduce MAC CE activation of SRI-PUSCH-PowerControl structures, and state that the SRI points into the activated subset.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The only way to avoid RRC reconfiguration of the power control is to rely on a default SS/PBCH block as pathloss reference RS.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Increase the maximum number of PUCCH pathloss reference RSs to 64.
Proposal 2	Introduce the possibility to activate SRS resource sets using MAC CE.
Proposal 3	Increase the maximum number of PUSCH pathloss reference RSs to 64.
Proposal 4	Introduce MAC CE activation of SRI-PUSCH-PowerControl structures, and state that the SRI points into the activated subset.
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