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1. Introduction

For 5G new radio design, there are some agreements on SRS power control in the email discussion as quoted below [1]:

For SRS power control
           
–      A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.

‧   FFS whether or not to introduce P_SRS_OFFSET,c

‧   Note: the exact equation including the index of each parameter is up to the editor.

–      Whether or not SRS power control is tied with corresponding PUSCH power control is based on RRC signaling and the following is down selected.

‧   Alt.1: explicit configuration

‧   Alt.2: implicit configuration by gNB implementation

□   e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control

□   In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control

–       FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control

–      The following are configured by RRC

‧   FFS: P_SRS_OFFSET,c 

‧   P0_SRS,c

‧   α_SRS,c

‧   ‘k1’ which indicates DL reference RS(s) for PL estimation

□   FFS if the configuration of ‘k1’ can be optional. 

‧   FFS: P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c can be configured for each configured SRS resource in the SRS resource set or only per SRS resource set (if P_SRS_OFFSET,c is supported).

□   Configuration should support an option for common values for at least P0_SRS,c; k1; α _SRS,c, P_SRS_OFFSET,c to be applied for all the configured SRS resource(s) in the SRS resource set (if P_SRS_OFFSET,c is supported).

□   Note: it is not precluded that the same parameters are configured for multiple SRS resource sets by gNB configuration.

–      For h_SRS,c(i), 

‧   At least the following can be configured by RRC for serving cell c on which the UE is configured with PUSCH

□   h_SRS,c(i) = fc(i,l) where l = 1, 2

□   FFS on the following

–       If h_SRS,c(i) = 0 is supported.

–       If additional closed loop is supported for SRS power control in case that SRS power control is tied with PUSCH power control.

–       h_SRS,c(i) in case that SRS power control is not tied with PUSCH power control

–       If both accumulative TPC and absolute TPC are supported for SRS power control

□   For serving cell c on which the UE is not configured with PUSCH

–       Closed-loop power control process for SRS is separately configured and not linked to closed-loop power control process for PUSCH of other serving cell(s) on which the UE is configured with PUSCH

–      For PL estimation, 

‧   Each SRS resource set is associated with X1 DL reference signal(s) for PL estimation, FFS on if X1 can be more than 1

‧   Maximum number of PL estimates to be maintained by UE is limited to X2, FFS on X2.

‧   FFS: PL estimation associated with k1 should be kept unchanged per the configured SRS resource set

–      It is assumed here that a UE expects the gNB to configure the same type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic) for all SRS resources in a SRS resource set.

‧   This assumption can need to be revisited based on discussion in other AI.

–      Definition of M_SRS,c(j) will be discussed in Reno meeting

‧   For further discussion, some examples are captured here assuming that M PRBs are allocated for both 15 kHz SCS and 120 kHz SCS

□   Alt.1: expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for SRS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 8M 

□   Alt.2: expressed in terms of the number of PRBs allocated for SCS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = M 

□   Alt.3: expressed in the number of PRBs based on 15 kHz SCS for sub-6GHz and based on 60 kHz SCS for above 6 GHz

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 2M 

In this contribution, we discuss power control of SRS for beam management. 
2. SRS power control for beam management 

Currently, it is understand that SRS for DL/UL CSI acquisition is utilized for acquiring DL/UL channel quality in order to determine how to schedule PUSCH transmission. Thus, SRS power control for DL/UL CSI acquisition is tied with PUSCH power control, such as sharing pathloss, close-loop power control adjustment state and some power parameters. With support of beam-specific power control, different SRS resources or even different SRS resource sets could be associated with different DL reference signal(s) for PL estimation. As to SRS for beam management, it is reasonable to set the same SRS transmit power on separate UE beams for a UE in order to perform fairly beam management. The SRS power control for beam management is not tied with PUSCH power control. Based on the agreement in email discussion, unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management, but different power parameter setting/derivation can be set depending on the SRS motivation. Following are some consideration on the FFS parts about SRS for beam management.
DL reference signal association for PL estimation
Since SRS for DL/UL CSI acquisition is tied with PUSCH power control, gNB can set a DL reference signal transmitted on the same beam pair link with the expected SRS and PUSCH transmission. But, it is questionable that how to set the associated DL reference signal for SRS for beam management since not tied with PUSCH power control. 
Considering that one potential motivation for beam management is to help gNB detect multiple candidate beams, the transmit power of SRS for beam management should be larger enough to ensure the detectability of these candidate beams. Since required transmit powers on different beams are different due to different propagation paths and pathloss, it requires consideration on how to choose the proper pathloss value for deriving SRS transmit power for beam management. 
One approach is to determine the SRS power jointly derived from pathloss of multiple beams. For instance, gNB can configure multiple associated DL reference signals, and UE derives a pathloss value via averaging the multiple measured multiple pathloss or chooses the largest pathloss value. Considering that some beam pair link may suffer unpredictable link problem and induce improper huge pathloss, another way is to choose the smallest pathloss value with a power offset. It means that compared with the best beam, other beams with pathloss difference smaller than the power offset can be detected by gNB as candidate beams. The power offset may not require designing new power parameter and can be included in existing configured power parameter. 
Another approach is to determine the SRS power value based on one pathloss value wherein one associated DL reference signal is indicated by gNB. It leaves the room for gNB to choose the DL reference signal. Moreover, the power offset concept can be still borrowed in this approach.
Proposal 1: For SRS for beam management, one pathloss value is derived from multiple pathloss values of associated multiple DL reference signals for setting the SRS transmit power.
Close-loop power control
Since the SRS power control for beam management is not tied with PUSCH power control, it may mean that the SRS for beam management and PUSCH in the same serving cell do not share the same close-loop power control adjustment state and even not share the TPC command. Thus, there is an issue on how to adjust close-loop power control for the SRS for beam management, h_SRS,c(i).
One possible way is not to support close-loop power control for the SRS for beam management. But, gNB will be difficult to adjust the SRS power. Higher layer reconfiguration may be not proper for dynamically adjust power. The other way is to define a new TPC command separately for the SRS power for beam management. Since the SRS is not tied with PUSCH, it may be not proper to deliver the new TPC command in UL grant, especially there is not PUSCH transmission. However, the group common DCI with TPC-SRS-RNTI can be utilized for delivering the new TPC command. The association between TPC command and SRS resources/resources groups can be configured via higher layer. 
Proposal 2: Group common DCI with TPC-SRS-RNTI is utilized for delivering the TPC command specific for SRS for beam management, instead of UL grant.
Configuration about tying with PUSCH power control
Whether SRS power control is tied with PUSCH power control will induce some behaviour difference on power control. The difference may comprise power equality on separate beam, pathloss derivation from associated DL reference signals, close-loop power control, TPC reception, and different power parameter settings. As for the pathloss derivation discussed above, the SRS for DL/UL CSI acquisition can be associated to a DL reference signal, and the SRS for beam management may be associated to DL reference signals and some pathloss value calculation is require as well. As for TPC command reception, it may be different for two kinds of SRS. Thus, explicit configuration may be considered to distinguish the two kinds of SRS from the aspect of tying with PUSCH power control or not.
Proposal 3: Whether or not SRS power control is tied with corresponding PUSCH power control is based on explicit configuration.
3. Conclusion

In this contribution, we discuss some points about power control of SRS for beam management and have the following proposals:

Proposal 1: For SRS for beam management, one pathloss value is derived from multiple pathloss values of associated multiple DL reference signals for setting the SRS transmit power.
Proposal 2: Group common DCI with TPC-SRS-RNTI is utilized for delivering the TPC command specific for SRS for beam management, instead of UL grant.

Proposal 3: Whether or not SRS power control is tied with corresponding PUSCH power control is based on explicit configuration.
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