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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Regarding UL power control, the following agreements have been achieved in previous meetings [1][2][3]:
RAN1#88bis
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence
· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available
· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping
· E.g., derived from beam-specific power control signalling and maximum transmit power
· FFS: spec. impact 
RAN1#89
· Support beam specific pathloss for ULPC
· The following DL RS can be used for PL calculation for UL PC 
· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block
· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block
· CSI-RS;
· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement
· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management
· FFS transmit power for the N SRS resources for UL beam management 
RAN1 Ad Hoc Meeting NR#2
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.
· In NR, PUSCH and at least some type(s) of SRS can share same closed loop power control command from gNB
· FFS details, e.g., the type(s) of SRS, beam related aspects, etc.
· 
In this paper, we provide more details for UL SRS transmission power both for beam management and CSI acquisition. 

[bookmark: _Ref129681832]Transmit power for beam management 
[bookmark: OLE_LINK40][bookmark: OLE_LINK45][bookmark: OLE_LINK48]Transmit power requirement
For UL beam management, the beam pair link (BPL) is selected based on the signal strength received at gNB side, which is determined by the transmitting power and path loss, as well as the BPL-specific Tx/Rx beamforming gain, which may also be implicitly captured as one part of path loss.
It has been agreed that NR supports beam specific power control. However, since N (N>1) SRS resources can be configured within one SRS resource set/group and can be triggered by a single aperiodic SRS triggering field for UL beam management, multiple SRSs are transmitted to measure different Tx/Rx beam(s) during beam refinement. In one round of UE Tx and/or gNB Rx beam sweeping, the SRS transmit power of N SRS resources within one SRS resource set, should be kept same to have a fair comparison between candidate BPL(s). More specifically, the same transmit power for each SRS port within/across SRS resource(s) should be adopted for UL beam training when multiple SRS resources (each consisting one or multiple SRS ports and spanning one or multiple symbols) are configured to UE. 
Furthermore, if we consider the beam refinement per each BPL as a separate beam refinement process at a different time slot and each process would employ one or multiple SRS resources, same transmit power should also be assumed to have a fair comparison. As illustrated in Figure 1, BPL #a’, BPL #b’ are the beams jointly selected from all candidates during the separate beam refinement processes for BPL #a, BPL #b in slot m and n. It is more reasonable to use a same transmit power in slot m and n to guarantee the fairness.
[image: ]
Figure 1 UL beam refinement procedure
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK51][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK106][bookmark: OLE_LINK107]Proposal 1: Support using the same transmit power for each SRS port within/across SRS resource(s) for UL beam management.
[bookmark: OLE_LINK2]Power control for beam management
As discussed above, the same transmit power for each SRS port within/across SRS resource(s) is required for UL beam management. One possible solution is to configure a fixed path loss estimation to strive for a common transmit power or even a predefined transmit power for all SRS for UL beam management. Noted that he maximum transmit power cannot be exceeded. However, a pre-defined transmit power may not meet the link budget requirement, and always using maximum transmit power will increase the inter-cell interference. Therefore, power control mechanism is still needed, and common power control mechanism for SRS for beam management should be adopted to satisfy the requirement of same transmission power and fair comparison between different BPLs. In this manner, the path loss should be carefully estimated towards a common power control.

[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK1][bookmark: OLE_LINK3]When beam correspondence does not hold at gNB or/and UE side, there will be a mismatch between path loss for UL and DL, and directly using the estimated path loss from specific DL BPL based measurement may not be appropriate. As common power control is applied for UL beam management procedure, one single BPL specific path loss cannot satisfy all BPLs’ link budget. Thus, one possible solution is the path loss can be estimated from the combination of multiple beam specific path loss [6]. Other parameters (e.g., P0 and  considering open loop power control) can be common.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Proposal 2: Support common PC setting for SRS transmission for UL beam management.

Transmit power for CSI acquisition
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]SRS and PUSCH transmit power



[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]In LTE, SRS reuses the same open loop power control parameters (PL/P0/) as PUSCH transmission and an additional offset is configured to guarantee the reliable reception of SRS and acceptable inter-cell interference. Moreover, some type SRS sharing TPC with PUSCH was agreed. For multi-beam transmission, it’s reasonable to conclude that PUSCH and SRS with the same BPL configuration can share the TPC. Due to its simple signaling and effectiveness of power control, reusing this mechanism can be a start point for NR SRS transmission for CSI measurement. In NR, multiple UL BPLs would be available and beam-specific power control loop with different parameters including, P0 and  would be adopted. So the same power control parameter setting between PUSCH and SRS with the same beam association can still be used, and the power control formula for SRS transmission can be updated as follows:

    [dBm]
Where the k is the UL BPL information (e.g., BPL index) or a beam specific PC setting/loop index.
[bookmark: OLE_LINK36][bookmark: OLE_LINK120][bookmark: OLE_LINK121]Proposal 3: Support common PC setting for PUSCH and SRS which are associated with same beam for CSI acquisition.
DL and UL signal association
[bookmark: _GoBack]At RAN1 #89 meeting, both SS block (SCH and/or DMRS of PBCH) and CSI-RS are agreed for PL estimation. However, how to apply those DL RSs in the scenarios with and without beam correspondence is still an open problem.
· [bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79]When beam correspondence holds, the association between UL/DL beam indications can be assumed. Based on the spatial QCL assumption between SRS resource/port and CSI-RS resource/port, the beam pair link (BPL) and/or sounding resource index (SRI) for SRS resource/port transmission can be performed with the same spatial filtering as the one used for the reception of CSI-RS. In this manner, the indicated CSI-RS can be directly used for the path loss estimation, and the transmission power can be derived from the calculated path loss and configured power control parameters.
· When beam correspondence does not hold, the transmission of the SRS is performed with the spatial filtering (e.g., identified by SRI or spatial QCL assumption between uplink RSs) configured by gNB. For this case, an association between the UL BPL information (e.g., SRI) and the corresponding CSI-RS resource need to be informed to UE for DL path loss estimation, UE will use the estimated path loss for uplink transmission power determination for a specific UL BPL. Beside, an offset can be considered to have more accuracy of estimated path loss by compensating the mismatch of UL/DL path loss. Alternatively, the estimated path loss would be common for all uplink signals, which can be derived from the combination of multiple DL BPLs’ path loss, the details such as combining rule should be further discussed.
For those two options (with and without beam correspondence), the association rule between SRS resource and CSI-RS resource needs to be informed to UE for path loss estimation, and then the transmission power can be derived from estimated path loss and configured power control parameters.
[bookmark: OLE_LINK37][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK122][bookmark: OLE_LINK123]Proposal 4: Support the indication of the association between SRS and CSI-RS for path loss estimation.
Conclusions
In this contribution, further power control mechanisms for SRS for beam management and CSI acquisition have been discussed. We have the following proposals:
Proposal 1: Support using the same transmit power for each SRS port within/across SRS resource(s) for UL beam management.
Proposal 2: Support common PC setting for SRS transmission for UL beam management.
Proposal 3: Support common PC setting for PUSCH and SRS which are associated with same beam for CSI acquisition.
Proposal 4: Support the indication of the association between SRS and CSI-RS for path loss estimation.
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