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Introduction
In last RAN1#90 [1], the following SRS power control framework for CSI acquisition was discussed:
	


· For power control for SRS transmission at least for CSI acquisition tied with PUSCH power control, support at least Pcmax,c(i), PSRS_OFFSET,c(m), MSRS,c(i), P0,c(j), αc(j), PLc(k), hc (i,l) for power control of SRS resource set
· In case SRS power control is tied with corresponding PUSCH power control,
· 

· P0,c(j), αc(j), PLc(k) are shared with the corresponding PUSCH power control
· i is slot number
· j is the index of open-loop parameter 
· m is the index of power offset 
· k is the index of RS resource(s) for pathloss measurement
· FFS details of P0,c(j)
· PSRS_OFFSET,c(m) is RRC configured
· FFS: PSRS_OFFSET,c(m) can be configured separately for SRS for CSI acquisition and beam management
· MSRS,c is related to the SRS transmission BW, FFS on the details
· The value of MSRS,c should be kept unchanged in the same slot
· l is the index of close-loop power control process
· SRS transmission power within the slot(s) of the SRS resource set is the same
· FFS: for UL power control, how to support SRS transmission with different beam within the same slot
· FFS how to support beam management SRS for multiple slots.
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· FFS the linkage between {j,m,k,l} of SRS and {j,k,l} of PUSCH




Even though there were lots of discussions in last meeting, due to lack of time, it was not clearly decided whether the above equation and parameters are applicable only to SRS power control for CSI acquisition tied with corresponding PUSCH power control, or can be extended to SRS power control for beam management by adjusting a value or an index of the parameter(s).
So, this email discussion aims to make a consensus or conclusion on the following:
· Discuss/confirm whether the above equation and parameters are sufficient for SRS power control for CSI acquisition tied with PUSCH power control.
· Discuss whether the above equation and parameters can also be used for SRS power control for beam management with some modification or cannot (e.g., a separate power control equation should be introduced for beam management SRS).
This document discusses each parameter for SRS power control framework.
Details on the Parameters
Discussion on PSRS_OFFSET,c(m)
In LTE, the index ‘m’ in PSRS_OFFSET,c(m) defines different SRS types, e.g., Type 0 (m = 0, periodic SRS transmission) and Type 1 (m = 1, aperiodic SRS transmission). So, it seems be natural for NR to reuse LTE definition, e.g., m = 0 for periodic SRS, m = 1 for aperiodic SRS, and m = 2 for semi-persistent SRS. However, the following needs to be discussed further with some clarification:
· Whether or not PSRS_OFFSET,c(m) can be configured separately for SRS for CSI acquisition and SRS for beam management? 
· Does the separate configuration mean that specification supports to distinguish SRS for CSI acquisition and SRS for beam management, e.g., m = 0 for SRS for CSI acquisition and m = 1 for SRS for beam management, or does it mean that different PSRS_OFFSET,c(m) values can be used for SRS for CSI acquisition and for SRS for beam management by network configuration?

	Company
	View

	Samsung
	Proposal: we think that specification does not distinguish SRS for CSI acquisition and SRS for beam management. The gNB can configure different PSRS_OFFSET,c(m) values for SRS transmission used for DL/UL CSI acquisition and SRS transmission used for beam/TRP management, associated with the RS resource(s) for the SRS transmission. So, the equation has to have PSRS_OFFSET,c(j, m) rather than PSRS_OFFSET,c(j, m) where the index ‘m’ defines periodic-, aperiodic-, or semi-persistent SRS transmissions.

Background: In a system with hybrid beamforming architecture or in a multi-TRP system, beam(s) (or beam-pair(s)) or TRP(s) associated with PUSCH transmission from a UE can be different from beam(s) or TRP(s) used for SRS transmission from the UE, irrespective of whether the SRS is intended for DL/UL CSI acquisition or beam/TRP management. In such cases, parameters (not only PSRS_OFFSET,c(m) but also others like P0_PUSCH,c(j) αc(j) and PLc(k)) for PUSCH transmission cannot be directly applied for SRS transmission.
However, it has been agreed that NR supports beam/TRP-specific pathloss for UL power control and it was also agreed that there is a linkage among P0_PUSCH,c(j) αc(j) and PLc(k). Therefore, assuming that a properly functional linkage can be defined, then even if the beam/TRP associated with SRS transmission is different than one associated with PUSCH transmission, the UE can use a configured parameter set associated with the RS resource(s) for the SRS transmission.

	Intel
	Proposal: Different P_SRS_offset can be configured for different SRS resource sets. One SRS resource set can be used for CSI acquisition or beam management, and different transmission operation, e.g. periodic, aperiodic, SPS, can be applied to different SRS resource sets.

	ZTE
	Proposal: Firstly it is also recommended to have one unified equation, especially for U-2 and U-3 beam management which can be very similar to PUSCH transmission. 

For CSI acquisition, we agree with Samsung to reuse LTE solution for SRS. Also, for beam management, gNB also can configure more than 1 offset value, e.g., 3 offset values (regarding to periodic, semi-persistent and aperiodic SRS, respectively). This is analogous to SRS for CSI-acquisition in LTE.

So we recommend to use PSRS_OFFSET,c(j, m) rather than PSRS_OFFSET,c(m)


	OPPO
	Proposal: Independent PSRS_OFFSET,c is configured for different SRS resource sets (applied to all the resources within a  set) and parameter m is not needed for a SRS resource set.
Background: Though SRS for CSI acquisition and SRS for beam management are not expected to be explicitly described in specification, it is needed to support separate PSRS_OFFSET,c for SRS with different purposes. For example, SRS for beam management may have lower objective power than SRS for CSI acquisition to save the power. Considering SRS for CSI acquisition and SRS for beam management are expected to be configured via separate SRS resource sets, this can be achieved via configuration of independent PSRS_OFFSET,c for different SRS resource sets. Also, different SRS resource sets can be applied to different periodicities, e.g. aperiodic, semi-persistent and periodic SRS, but only one periodicity is expected to be configured for a set. Hence, it is not needed to support multiple values of m for a SRS resource set if the PSRS_OFFSET,c is set-specific.

	CATT
	The SRS power control formula would be used for both CSI acquisition and UL beam management.   Different values of PSRS_OFFSET,c could be configured for different SRS configurations, such as wideband/narrowband SRS or periodic/aperiodic SRS, or different scenarios, such as SRS switching among multiple antenna or multiple carriers.    In particular, different values of  PSRS_OFFSET,c could be configured for SUL, which one DL carrier is associated with respective UL carrier and SUL carrier.   Different values of PSRS_OFFSET,c are not associated with different service type, e.g., j in P0,c(j)

	NTT DOCOMO
	Proposal: Only single PSRS_OFFSET,c is supported.

	QC
	Note that there is already an agreement: NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.
If different power within a resource set is not allowed, PSRS_OFFSET,c can only be configured per SRS resource set. It’s up to the network to configure different SRS resource sets for SRS for beam management and for CSI when different PSRS_OFFSET,c values are needed.

	Huawei
	No need to distinguish SRS for CSI acquisition and for beam management as long as proper configurability is defined.

	Ericsson
	According to current agreements, SRS resource can be configured to be periodic, aperiodic (with associated DCI triggering) or semi-persistent. Multiple SRS resources (K>=1) can be grouped into ‘SRS resource set’ or ‘SRS resource group’ and UE can be configured with multiple ‘SRS resource sets’. Our assumption is also that all SRS resources of a SRS resource set will be of same type (e.g. periodic, aperiodic, semi-persistent).

Given the above framework, gNB should be able to configure the UE with one PSRS_OFFSET,c per SRS resource set  (the index m then is as such redundant, but may be used as an index for SRS resource sets, it can be up to editor whether it is needed)

	LG Electronics
	Similar to other companies above, it is sufficient to agree that independent PSRS_OFFSET is configured per SRS resource set.
This is aligned with the agreement for UL BM which Qualcomm mentioned as:
NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.
Also, a common parameter set of {j,k,l} should also be configured per SRS resource set, to be aligned with the agreement.

	Nokia
	Configuration of independent PSRS_OFFSET,c(m) values for SRS transmission in different ussage e.g., DL/UL CSI acquisition or beam/TRP management, would be beneficial. But in a technical perspective, the motivation is not clear to introduce multiple PSRS_OFFSET,c(m) values for beam management SRS.
So, the SRS resource set specific configuration of PSRS_OFFSET,c(m) could be one way of specification, but it should not mean always different value is configure for each resource set.

	Panasonic
	Independent PSRS_OFFSET,c is configured for different SRS resource sets. A SRS resource set has the configuration of SRS types (i.e., periodic, aperiodic, or semi-persistent). Therefore, by knowing SRS resource set, SRS types are known.

	vivo
	Different PSRS_OFFSET,c can be configured for CSI acquisition and beam management. For each SRS resource set for CSI acquisition or beam management, different SRS types can be reused LTE definition.

	InterDigital
	A single index (m=0,1,2,…, mMAX) can be considered to distinguish PSRS_OFFSET,c values associated to different modes of CSI acquisition and BM operations. Additional indexing beyond m does not seem necessary. Index m can point to a desired configuration subset that entails a configured PSRS_OFFSET,c and its corresponding SRS resource configuration (A/SP/P behavior). 

	Motorola Mobility, Lenovo
	The intention of the SRS transmission, whether it is used by gNB for beam management or CSI, is not needed to be known to the UE. 
At a given transmission instance, SRS is transmitted for a SRS resource. Thus for a SRS resource, the following need to be configured from power control perspective:
1. m – SRS type - whether the SRS resource is periodic, aperiodic, semi-persistent
2. Po_srs, alpha_srs – can decouple whether SRS is linked to PUSCH, and leave to gNB to configure the values appropriately. So, no need for a P_SRS_offset. 
3. Msrs - BW of SRS
4. k - DL RS resource for path loss measurement
5. l – which of the two PUSCH CLPC loop to use, or open-loop. 
No separate PSRS_OFFSET,c is needed. With the introduction of P0,SRS,c as discussed in item 2.2 below, we don’t see the need for the term PSRS_OFFSET,c. The gNB can configure the appropriate value of P0,SRS,c to make it linked to PUSCH (e.g., like P0,PUSCH,c (j) plus some offset) or not. Basically, this is similar to the case for SRS without PUCCH/PUSCH configured in LTE. 
In line with the RAN1 NR-AH#2 agreement of SRS resource sets (groups) can be configured for DL and UL CSI, we need to allow for different Tx power for different SRS resources in a SRS resource set which provides a low signaling overhead mechanism of a single message to indicate/trigger the multiple SRS resources. This is a direct result of our agreement of beam-specific power control for PUSCH thereby allowing for different Tx powers for different PUSCH beams with different open-loop/closed loop parameters.  Similarly for DL CSI acquisition for different DL beams.
The network can configure the parameters appropriately to support the same Tx Power for different SRS resources (of the same SRS type) in a SRS resource set (e.g., used for UL beam management), or allow different Tx power for different SRS resources within a SRS resource set (e.g., for DL/UL CSI acquisition). 
For a common SRS PC framework regardless of whether SRS is intended for DL/UL CSI acquisition or for beam management, we propose SRS resource set can have only one SRS PC parameters in which case it is applied to all SRS resources in the set; or SRS resource set can have multiple SRS PC parameters, each for a SRS resource in the SRS resource set.



Discussion on P0,c(j), αc(j)
It was the majority view in last meeting that SRS power control for CSI acquisition can share P0,c(j) and αc(j) with corresponding PUSCH power control. However, there was no consensus on how to set P0,c(j) and αc(j) for SRS for beam management and it needs to discuss further:
· How to set P0,c(j) and αc(j) for SRS for beam management?

	Company
	View

	Samsung
	Proposal: gNB can configure different P0,c(j) and αc(j) values for SRS transmission used for DL/UL CSI acquisition and SRS transmission used for beam/TRP management associated with the RS resource(s) for the SRS transmission.

Background: SRS for CSI acquisition and SRS for beam management have to use different values of P0,c(j) and αc(j) but no need to differentiate them in the equation. Similar to our view shown in 2.1, assuming that a properly functional linkage can be defined, then even if the beam/TRP associated with SRS transmission is different than one associated with PUSCH transmission, the UE can use a configured parameter set associated with the RS resource(s) for the SRS transmission.

	Intel
	Proposal: different P0 and alpha can be configured for different SRS resource sets. For the SRS resource within a resource set, the same P0 and alpha should be applied.

	ZTE
	Proposal: gNB can configure P0,c(j) and αc(j) values for beam management independently, and meanwhile for CSI-RS acquisition reusing PUSCH power control can be seen as baseline. 

	OPPO
	Proposal: For a SRS resource set for beam management, the values of P0,c(j) and αc(j) are the same as the values for SRS for CSI acquisition. The value of j is configured per SRS resource set (applied to all the resources within a set).

	CATT 
	We don’t see the need for gNB to configure different P0,c(j) and αc(j) values of SRS for CSI acquisition and beam management.  The power setting of SRS transmission for CSI acquisition could be used for beam management.   Additional procedure is required to indicate the same Tx power of all UL beams for UL beam management in MIMO session.  However, it does not need to have different power setting specifically for UL beam management in power control session. 


	NTT DOCOMO
	Proposal:  P0,c(j), αc(j) should be shared with corresponding PUSCH transmission for CSI acquisition. For beam management additional P0,c(j), αc(j) can be configured if needed.

	QC
	We don’t see the need to configure different  P0,c(j) and αc(j) values for SRS resources within a resource set. 

	Huawei
	Whether SRS power control is tied with a PUSCH power control or not should be configurable and hence no need to differentiate CSI acquisition and beam management SRS in the equation.

	Ericsson
	Assuming the same framework described in our input for section 2.1, gNB should be able to configure the UE with one P0_SRS and one alpha_SRS per SRS resource set. It should be noted that P0_SRS and alpha_SRS can be configured as same/different values as one of the PUSCH P0(j) according to gNB implementation. 


	LG Electronics
	Similar to the view on Section 2.1, a common parameter set of {j,k,l} including the cases for P0,c(j) and αc(j) is configured per SRS resource set, to be aligned with the following agreement for UL BM:
NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.

	Nokia
	The value of j can be the same with that used for PUSCH transmission, but specific value should be configured for beam management SRS transmission or SRS transmission in a BWP without PUSCH. 
Specification needs to support above two options, e.g., for specific SRS resource set, j value should be configured which can be a larger value than used for PUSCH. If not configured, UE assumes the value of j is the same with the resent PUSCH transmission before the transmission of SRS resource set.

	Panasonic
	For beam management, the values of P0,c(j) and αc(j) are the same as the values for SRS for CSI acquisition. gNB can configure additional P0,c(j) and αc(j) values for beam management if needed.
There is no need to differentiate CSI acquisition and beam management SRS in the equation. If SRS for CSI acquisition and beam management belong to the same resource set, P0,c(j) and αc(j) are same for these two purposes. Otherwise,  P0,c(j) and αc(j) could be different for CSI acquisition and beam management based on gNB configuration.

	vivo
	Independent P0,c(j) and αc(j) configuration for SRS CSI acquisition and SRS for beam management, as different SRS resource set may be configured for CSI acquisition and beam management. However, same P0,c(j) and αc(j) should be configured for  each  SRS resource within a SRS resource set for beam management.

	InterDigital
	Similar to the discussion in 2.1, independent P0,c(j) and αc(j) configuration can be realized by configuring a pair value per SRS resource set where one would be used for {PUSCH, SRS_CSI} and the other for SRS_BM.

	Motorola Mobility, Lenovo
	The PC power formula need not distinguish SRS for UL/DL CSI acquisition from SRS for UL beam management. As discussed in 2.1, independent P0_SRS,c and αSRS,c are configured per SRS resource. The gNB has flexibility to select different P0_SRS,c and αSRS,c for different SRS resources within the same SRS resource set/group (e.g., for UL/DL CSI acquisition) or the same P0_SRS,c and αSRS,c for different SRS resources within the same SRS resource set/group (e.g., UL beam management). 




Discussion on PLc(k)
It was discussed that SRS power control for CSI acquisition can share PLc(k) with corresponding PUSCH power control. However, there was no much discussion on how to set PLc(k) for SRS for beam management and it needs to discuss further:
· How to set PLc(k) for SRS beam management?

	Company
	View

	Samsung
	Proposal: the UE can use a configured parameter set associated with the RS resource(s) for the SRS transmission.

Background: SRS for CSI acquisition and SRS for beam management have to use different PLc(k) because SRS power control for CSI acquisition can share PLc(k) with corresponding PUSCH power control but SRS power control for beam management cannot. However, , assuming that a properly functional linkage can be defined, then even if the beam/TRP associated with SRS transmission is different than one associated with PUSCH transmission, the UE can use a configured parameter set associated with the RS resource(s) for the SRS transmission.

	Intel
	Proposal: k can be indicated in SRS resource set, and all SRS resources within a SRS resource set should be indicated the same k.

	ZTE
	Proposal: the PLc(k), alpha and P0 can be configured per SRS resource set for beam management, which is to achieve the goal of “same power for SRS resources within one SRS resource set”. 

In a word, within one SRS resource set, PLc(k), alpha and P0 should be kept unchanged if SRS resource set is transmitted cross multiple slot.


	OPPO
	Proposal: For a SRS resource set for beam management, the value of k is configured per SRS resource set (applied to all the resources within a set).


	CATT
	Each SRS resource set in time would be configured with one value of k in PLc(k)  for UL beam management.   The detail procedure should be discussed in MIMO session.   

	NTT DOCOMO
	Proposal:  PLc(i,k) should be shared with corresponding PUSCH transmission. Details depends on beam management procedure.

	QC
	Configured per resource set.

	Huawei
	What’s needed is properly configured RS for path loss measurement(s). In the case power control of SRS is tied with that of PUSCH, no separated configuration/indication is needed. At one point, we need to define maximum number (which should not be large) of path loss measurements a UE may perform.

	Ericsson
	Assuming the same framework described in our input for section 2.1, gNB should be able to configure the UE with one ‘k’ (DL RS reference of PL measurement) per SRS resource set.
 

	LG Electronics
	Similar to the view on Section 2.1, a common parameter set of {j,k,l} including the case for PLc(i,k) is configured per SRS resource set, to be aligned with the following agreement for UL BM:
NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.

	Nokia
	The value of k should be constant within each SRS resource set. Selection the value of k can be linked to the selection of other index values, j.

	Panasonic
	k can be configured per SRS resource set for beam management.

	vivo
	Same PLc(k)  should be configured within a SRS resource set for beam management.

	InterDigital
	A similar framework as 2.1 may be used. Therefore, k for SRS_BM can be different from the one of PUSCH and/or SRS_CSI operations, only if SRS_BM is configured with a different set of SRS resources. 

	Motorola Mobility, Lenovo
	As discussed in 2.1, k can be configured for each configured SRS resource in the SRS resource set. 



Discussion on MSRS,c(i)
In LTE, MSRS,c(i) is defined as the number of PRBs assuming 15 kHz subcarrier spacing (SCS). It was argued that NR supports multiple SCS values and MSRS,c(i) needs to reflect it. So, details on exact definition of MSRS,c(i) are currently FFS. This discussion is related to not only MSRS,c(i) but also MPUSCH,c(i) and MPUCCH,c(i) and if we make a consensus on the exact definition of MSRS,c(i), then our consensus can be directly applied for MPUSCH,c(i) and MPUCCH,c(i). So, it would be highly appreciated for you to share your view on MSRS,c(i).
· Whether MSRS,c(i) is expressed in the number of PRBs (as in LTE) or expressed as the SRS transmission BW including a scaling factor to adjust different SCS values.

	Company
	View

	Samsung
	Proposal: MSRS,c(j) is expressed in the number of PRBs (as in LTE).

Background: There is another way to adjust different PSDs caused by using different SCS values, e.g., gNB can configure different P0,c(j) and/or PSRS_OFFSET,c(j) values depending on different SCSs.

	Intel
	Proposal: MSRS,c(j) is expressed in the number of PRBs based on 15kHz subcarrier spacing to reflect different noise power for a RB in different numerologies.

	ZTE
	Proposal: Share with Samsung. 

The key question is whether UE’s numerology needs to be dynamically changed. If not, this can be handled by configuring different P0. 

	OPPO
	Proposal: MSRS,c(j) is expressed in the number of PRBs which is the same as in LTE (applied to all the resources within a  set).
Background: 
gNB can configure different P0,c(j) or PSRS_OFFSET,c(j) in different BWPs to compensate the power offset due to different SCSs.

	CATT 
	MSRS,c(j) is in term of SRS bandwidth, which includes the number of PRBs and the associated SCS if different subcarrier spacing is supported within a carrier.  

	NTT DOCOMO
	Proposal: Share with Samsung and ZTE. 

	QC
	MSRS,c(j) is expressed in the number of PRBs of 15kHz subcarrier spacing for below 6GHz bands and in the number of PRBs of 60kHz subcarrier spacing for above-6GHz bands, respectively.

	Huawei
	Can reuse LTE design.

	Ericsson
	MSRS,c(j) is expressed in the number of PRBs used for SRS transmission for that SRS resource.

	LG Electronics
	MSRS,c(j) is expressed in the number of PRBs (as in LTE).

	Nokia
	MSRS,c(j) is expressed in the number of PRBs (as in LTE) since PSRS_OFFSET,c(j) values can be used for some adjustment. Otherwise, both SCS and Comb values need being considered for SRS power control.

	Panasonic
	Share with Samsung. gNB can configure P0,c(j) or PSRS_OFFSET,c(j) depending on the numerology specific.

	vivo
	MSRS,c(j) is in term of the number of PRBs based on 15KHz.

	InterDigital
	MSRS,c(j) is defined based on the number of PRBs used for SRS transmission. gNB configures P0,c(j) or PSRS_OFFSET,c(j) according to the employed numerology to avoid additional term for SCS compensation.

	Motorola Mobility,
Lenovo
	MSRS,c(j) is the SRS bandwidth expressed in the number of PRBs for the SRS resource. 



Discussion on hc(i,l)
It was majority view in last meeting that SRS power control for CSI acquisition can share hc(i,l) with corresponding PUSCH power control and hc(i,l) = fc(i,l). However, there was no consensus on how to set hc(i,l) for SRS for beam management and it needs to discuss further:
· How to set hc(i,l) for SRS for beam management?
· Do we need to have closed-loop power control process for SRS for beam management?

	Company
	View

	Samsung
	Proposal: hc(i,l) = fc(i,l) in the SRS power control equation, irrespective of whether the power control is used for DL/UL CSI acquisition or used for beam management.

Background: In the SRS power control equation, fc(i,l) can be used irrespective of whether the power control is used for DL/UL CSI acquisition or used for beam management. For accumulative TPC command, whether to reset fc(i,l) or keep fc(i,l) will be able to be configured or indicated by the gNB. For absolute TPC command, UE just follows gNB’s TPC command. 

	Intel
	Proposal: It is better to maintain at least one independent closed loop power control process for beam management. For CSI acquisition, hc(i,l) = fc(i,l).

	ZTE
	Proposal: hc(i,l) = fc(i,l) in some condition that the same beams are used for PDSCH and SRS for CSI acquisition and beam management. For instance, in U-2 and U-3 of beam management, if the Tx beams spatial QCLed with the serving beam with PUSCH is used, the hc(i,l) is equal to fc(i,l) associated with the mentioned serving beam with PUSCH. In U-1, however, a large range of beam is swept and so hc(i,l)  should be reset. It should be mentioned that P0 for beam management can be configured independently, and if so, like reconfiguration, we do not think hc(i,l) should be equal to fc(i,l)

As a consequence, gNB can configure whether or which hc(i,lSRS)  can be equal to fc(i,lPUSCH). 


	OPPO
	Proposal: For a SRS resource set for beam management, hc(i,l) = fc(i1,l) where i1 is the slot number of the first slot occupied by the SRS resource set (applied to all the resources within a  set). hc(i,l)=0 if no corresponding PUSCH is scheduled.
Background: 
In beam management section, it was agreed that NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management. In this case, if the SRS resources within a SRS resource set for beam management occupy multiple slots, a common slot index i should be applied to hc(i,l) for the SRS resource set to ensure the same Tx power. Also, similar to open-loop parameters, the close-loop parameters for SRS for CSI acquisition can be 
reused for beam management. hc(i,l) for beam management can reuse fc(i,l) except single slot number within a SRS resource set. If there is no corresponding PUSCH for fc(i,l), hc(i,l) should be equal to 0.

	CATT
	hc(i,l) = fc(i,l) for both CSI acquisition and beam management

	NTT DOCOMO
	Proposal:  fc(i,l) should be shared with corresponding PUSCH transmission for CSI acquisition. For beam management, no closed-loop is not needed.

	QC
	Different closed-loop power control for SRS for beam management is needed, particularly for U1 in which an absolute power control command could be preferable.

	Huawei
	Whether SRS power control is tied with a PUSCH power control or not should be configurable (jointly for open loop and closed loop parts) and hence no need to differentiate them in the equation.

	Ericsson
	Assuming the same framework described in our input for section 2.1, at least for Scell/SUL-uplink with PUSCH/PUCCH, gNB should be able to configure between h(i) = f(i,0); h(i)=f(i,1) (if UE is configured with N>1 PUSCH PC closed loops); h(i)=0 via RRC per SRS resource set. 

For Scell without PUSCH/PUCCH (i.e., used only for SRS switching), separate closed loop from f(i,l) for SRS can be configured. Note – this may need more agreements, e.g. separate group TPC commands such as DCI 3B in LTE. So, we are OK to leave this case as FFS for now.


	LG Electronics
	Similar to the view on Section 2.1, a common parameter set of {j,k,l} including the case for hc(i,l) is configured per SRS resource set, to be aligned with the following agreement for UL BM:
NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.

	Nokia
	We don’t find clear motivation to introduce further optimization for close loop power control for beam management SRS. Thus, hc(i,l) = fc(i,l) is used in the SRS power control equation for CSI acquisition. And no closed loop power control for beam management SRS.

	Panasonic
	For SRS transmission tied with PUSCH power control irrespective of whether the power control is used for CSI acquisition or used for beam management, hc(i,l) = fc(i,l). 
For SRS transmission not tied with PUSCH power control for beam management, hc(i,l) = 0 in order to reduce the number of independent closed-loop processes as much as possible.

	vivo
	For SRS for CSI acquisition, hc(i,l) = fc(i,l). 
For SRS for beam management, hc(i,l) is configured by DCI, and which is equal for each SRS resource within a SRS resource set.

	InterDigital
	For SRS for beam management, hc(i,l)=0 is preferred. To support hc(i,l) = fc(i,l), we need to evaluate its benefit and potential impact of a stale TPC command on beam selection accuracy.

	Motorola Mobility, Lenovo
	The gNB configures, for each SRS resource, which of the two PUSCH PC closed-loops fc(i,l) to use. The same PUSCH closed-loop can be configured for an SRS tied with PUSCH. When SRS is not tied to any PUSCH, the gNB can configure a separate closed-loop or no closed-loop at all (i.e., only open loop PC) as discussed in section 2.1.



Discussion on linkage between {j, m, k, l} of SRS and {j, k, l} of PUSCH
In order to reflect multi-beam operation into SRS power control formula, the following needs to be discussed further: 
· Whether or not the linkage between {j, m, k, l} of SRS and {j, k, l} of PUSCH is needed?
· If needed, how to realize it?
· If not needed, how to capture multi-beam operation into the SRS power control formula?

	Company
	View

	Samsung
	Proposal: To reuse PUSCH design philosophy, e.g.,
· k is indicated by beam indication for SRS (if present)
· A linkage between SRS beam indication and k which is index of DL RS resource for PL measurement is pre-configured via higher layer signal.
· The value of k can be different between beam indication for SRS and beam indication for PUSCH
· Only one value k is RRC configured in UE specific way if SRS beam indication is not present.
· j can be configured for SRS beam indication (if present)

Background: Irrespective of whether SRS transmission is used for DL/UL CSI acquisition or used for beam management, in general, k can be indicated by beam indication for SRS (if present) and a linkage between SRS beam indication and k can be pre-configured via high layer signal. Also, only one value k is RRC configured in UE specific way if SRS beam indication is not present. Finally, j can be configured for SRS beam indication (if present) for both SRS for CSI acquisition and SRS for beam management.

	Intel
	Proposal: j, m, k, l is configured per SRS resource set.

	ZTE
	Proposal: Taking into account SRS for CSI acquisition and beam management, reusing PUSCH’s power control or not should be supported both. 

	OPPO
	Proposal: The values of {j, k, l} is RRC configured per SRS resource set. On of the candidate values can be “the same as PUSCH”.
Background: 
For SRS for beam management, RRC configured values of {j, k, l} for each SRS resource set is preferred. For SRS for CSI acquisition, the open-loop and close-loop power control parameters (including { j, k, l}) for corresponding PUSCH can be reused as in LTE. To support both cases, the values of {j, k, l} can be RRC configured for each SRS resource set, where one of candidate values is “the same as PUSCH”. Different values can be configured for SRS for different purposes. For aperiodic SRS, if one set is triggered out of multiple SRS resource sets, the corresponding {j, k, l} can be applied.

	CATT 
	The values of {j,m,k,l}  are RRC configured parameters.  The association between k and l should be configured in RRC parameters.  The linkage between j and k could be specified in the RRC parameters if there is an association.  

	NTT DOCOMO
	The values of {j,k,l,m} are RRC configured. One representative value, which is linked with {j,k,l,m}, e.g., TCI, is indicated via DCI.

	QC
	{m, j, k,l} is configured per resource set. 

	Huawei
	In the case that SRS power control is tied with a PUSCH power control, no further configuration is needed other than the offset value. In the case that SRS power control is not tied with a PUSCH power control, we can reuse the approach for PUSCH power control but with separate configuration for SRS of course.

	Ericsson
	The linkage (or lack thereof) is described in our proposals for sections 2.1 – 2.5

	LG Electronics
	The linkage between {j, m, k, l} of SRS and {j, k, l} of PUSCH should be interpreted by the indicated SRS resource ID via the already agreed “SRI field” in UL grant (for grant-based PUSCH), i.e., power control for grant-based PUSCH is tied to the indicated SRI with PSRS_OFFSET.
Note how to configure the linkage of parameters {j, m, k, l} is described in our proposals for sections 2.1 – 2.5.

	Nokia
	The values of parameter set {j, m, k, l} can be configured per SRS resource set, where number of SRS resource in one set can be one. Parameter sets {j, k, l} for PUSCH can be part of parameter sets {j, k, l} for SRS to support the linkage between CSI acquisition SRS and PUSCH. But more value(s) can be configured for {j, k, l} for beam management SRS resource set.

	Panasonic
	Share with Samsung to reuse PUSCH design. The values of {j,k,l,m} are RRC configured. Whether ‘m’is present depends on discussion in question 2.1.

	vivo
	For SRS for CSI acquisition, linkage between {j, m, k, l} of SRS and {j, k, l} of PUSCH is same. For SRS for beam management, linkage among {j, m, k, l} is configured by higher layer, same linkage for each SRS resource within a SRS resource set.

	InterDigital
	The outcome of the framework described in 2.1-2.3 should be considered for linkage of the parameters across PUSCH and SRS operations.

	Motorola Mobility, Lenovo
	The configuration of {j (P0_SRS,c and αSRS,c),k,l}  per SRS resource should be supported. The gNB can configure appropriate PC parameter values for SRS to make it linked to PUSCH or not, as discussed in item 2.2 above. The parameter m may be common to all SRS resources in a SRS resource set. 



Other aspects
Both SRS for CSI acquisition and SRS for beam management can be transmitted with multiple consecutive symbols within a slot, e.g., N = 1, 2, or 4 adjacent OFDM symbols within the same slot but there is no clear agreement on whether or not to support SRS transmission across multiple slots. Then the following aspects need to be discussed further:
· Whether or not the SRS transmission power using multiple consecutive symbols is same within a slot?
· If the transmission power is same in each symbol within the slot, then how to support SRS transmission with different beams within the same slot?
· How to set the transmission power if the SRS transmission is occurred across multiple slots (especially for the purpose of beam management)

	Company
	View

	Samsung
	Proposal: The transmission power is same in each symbol within a slot and in order to realize it, gNB configure or indicate which PLc(k) should be applied for all symbols within the slot and the SRS transmission power can be set by the UE according to the linkage among the parameters. This approach can be naturally applied for the case of SRS transmission across multiple slots.

Background: There can be two alternatives; i) allow different transmission power in each symbol (Alt.1) and ii) keep same transmission power in each symbol (Alt.2). Since beam-specific power control has been agreed in NR, if each symbol is transmitted using a different beam (or beam-pair) for UE’s TX beam sweeping, using Alt.1 seems to be natural because different beams can experience different channel characteristics and different P0,c(j), αc(j) and PLc(k) values need to be used for each symbol. However, Alt. 1 is not desirable because it requires a frequent power transient time for a UE to change its transmission power resulting in performance loss. Conversely, in order for Alt.2 to keep a same SRS transmission power within a slot, each symbol needs to use same values for the parameters P0,c(j), αc(j) and PLc(k) even if each symbol is transmitted with different beam. The gNB can configure or indicate which PLc(k) should be applied for all symbols within the slot and the SRS transmission power can be set by the UE according to the linkage among the parameters.
Regarding whether or not to support SRS transmission across multiple slots, it has not been agreed in SRS discussion. From our perspective, whether or not to use same or different power across slots is left to gNB implementation, i.e., gNB configure or indicate which PLc(k) should be applied for all symbols within the slot and the SRS transmission power can be set by the UE according to the linkage among the parameters.

	Intel
	Proposal: The transmission power for a SRS resource set should be the same regardless whether this SRS resource set is transmitted in a slot or across multiple slots.

	ZTE
	Proposal: The Pcmax,c(i), PSRS_OFFSET,c(m), MSRS,c(i), P0,c(j), αc(j), PLc(k), hc (i,l) should be configured per SRS resource set, and also for different slot i, the values of MSRS,c(i),Pcmax,c(i), PLc(k) and hc (i,l) should be kept unchanged. MSRS,c(i),Pcmax,c(i), and hc (i,l) can be seen as gNB implementation issues, but for PLc(k) calculation, higher layer PL results still can change over slot i, which would break the requirement of “same transmission power per SRS resource set” for beam management once SRS resource set crosses multiple slots. Therefore, the value of PLc(k) per resource set i should be remained as when SRS resource set is being triggered.


	OPPO
	Proposal: The SRS transmission power is the same in the symbols occupied by a SRS resource set no matter whether the symbols are in the same or in different slots. The value of slot number i should be a single value for a SRS resource set.
Background: 
To achieve the same Tx power on SRS resources within a SRS resource set for UL beam management, the transmission power should be the same across slots if a SRS resource set is across multiple slots. For SRS for CSI acquisition, one slot is expected to be sufficient and the transmission power should also be the same within the slot. 

	CATT
	The Tx power of SRS should calculate per SRS resource within a slot.   If one SRS resource is configured cross the slot boundary, UE should set the same Tx power for the SRS resource.   

	QC
	The Tx power of the symbols in an SRS resource set is the same. It is up to the network to configure different resource sets to allow different power control parameters.

	Huawei
	At least for beam management use case, SRS transmission within a SRS resource within 1 or multiple slots should have same transmission power. 

	LG Electronics
	The transmission power for a SRS resource set should be the same regardless whether this SRS resource set is transmitted in a slot or across multiple slots.

	Nokia
	On account of realization simplicity and measurement accuracy for beam management, the same transmit power is desirable to be used for a SRS resource set no matter whether SRS in one resource set is transmitted in a slot or cross slots. UE is not expected to receive power control parameter change during a round of SRS resource set measurement. 

	Panasonic
	SRS transmission power is kept same within a SRS resource. If SRS transmission for different beam is configured by different resource set, the power could be different as associated DL RS is different.

	vivo
	For a SRS resource set for CSI acquisition or for beam management, UE is not expected to be configured with different transmission power within a slot or across multiple slots.

	InterDigital
	The transmission power for a SRS resource set should be maintained across all the symbols of the SRS process.

	Motorola Mobility, Lenovo
	As discussed in section 2.1, SRS PC parameters can be configured by gNB per SRS resource in a SRS resource set allowing for different Tx power for different SRS resources in a SRS resource set. The SRS resources may be within a slot or across multiple slots. The specification has to anyway support the case of different Tx powers for different SRS resources. So, no special handling is needed when SRS resources are in the same SRS resource set and have different Tx powers. The SRS resources can be in adjacent symbols irrespective of whether the SRS resources are in the same SRS resource set or different SRS resource sets. So, different Tx power in adjacent SRS symbols anyway has to be handled in the specification. In fact, different Tx power of adjacent SRS symbols (in UpPTS) is already supported in LTE (see TS 36.101, section 6.3.4.2.2, Dual SRS transmission.


Conclusion
According to companies’ views in Section 2 and intensive email discussion, the following proposal were agreed:
[bookmark: _GoBack]Agreements:
For SRS power control
PSRS,c(i) = min{PCMAX,c(i),   P0_SRS,c + 10log10(MSRS,c) + αSRS,c∙PLc(k1) + hSRS,c(i)}
· 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
· 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 
References
[1] RAN1 Chairman’s note, 3GPP TSG RAN WG1 #90bis, October 2017.
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