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Introduction
At RAN1 NR AH#3 meeting, the following agreements were made on power control for NR UL MIMO [1].
Agreements:


· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number
· j  is the index of open-loop parameter
· K is the index of RS resource(s) for pathloss measurement
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· MPUSCH,c is related to the scheduled BW, FFS on the details
· ΔTF,c is for single layer transmissions
· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 
· N=2 is working assumption
· l is the index of closed-loop power control process
· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor
Agreements:
· For NR-PUSCH
· Accumulative TPC command mode is supported.
· FFS: when UE has to reset fc(i)
· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH
Based on these agreements and previous PC related agreements, we provide considerations on framework of power control (PC) for PUSCH, PUCCH and SRS. 
Discussion
Power control for PUSCH
The power control formula is agreed as follows for PUSCH with some FFS items. Some considerations are provided about these remaining issues.


· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
Views on linkage and indication of {j, k, l}, 
· j is the index of open-loop power control set which means gNB configures J open-loop power control set(s), where 0 <= j < J. Each open-loop power control set includes at least P0 and alpha.
· k is the index of RS resource(s) for pathloss measurement which means gNB configures K sets of RS resource(s) for pathloss measurement, where 0 <= k < K. Each RS resource set indicates one beam or a beam group. Resources e.g. CSI-RS in a set k can be measured and used together to generate PLc(k).
· l is the index of closed-loop power control process which means gNB configure L closed-loop power control process(es), where 0 <= l < N. Each power control process refers to a beam pair link or a beam pair link group. So l is associated with j and k through UL TX beam (group).
About the values of N, K, J. 
· N = 2 is agreed as working assumption, we propose to confirm it. Then we have up to two closed-loop power control processes.
· K is better to be be larger than N. N out of K sets of RS resources are associated to the N closed-loop power control processes, and the remaining K-N sets of RS resources(s) are configured for pathloss measurement for the candidate beams which are not currently used but would possibly be configured later. Since a long period measured pathloss value is better than instantaneous pathloss, UE should monitor all configured K RS resource sets for pathloss although only N sets of it are used for dynamic switching. In addition, this candidate pool of resources for pathloss measurement can be shared by all PC processes including different physical channels.
· J should be at least equal to N, i.e. J=2. The use case requiring J > N is unclear. 
About linkage and indication of {j, k, l}
gNB configures J open-loop power control set(s) and K sets of RS resource(s) for pathloss measurement for UE through higher layer signals, e.g. RRC. There are two schemes of DCI indication: 
· Independent indication scheme: l, j, k and UL TX beam (group) indication i.e. SRI(s) are indicated independently via different DCI fields. l is dynamically associated with the combination of {j, k, SRI(s)}. i.e. linkage is established in DCI.
· Joint indication scheme: the linkage of {j, k, SRI(s)} are configured in higher layer. Then DCI signaling is used to dynamically select one combination out of the RRC-configured candidate combinations for power control of PUSCH transmission. 
Independent indication scheme causes large overhead for DCI and power control process depends on 3 parameters which are j, k and Tx Beam Indication SRI(s), it becomes unnecessarily complex. Joint indication scheme, by contrast, is a better choice since it is expected power control parameters are usually linked with beam selection. 
Table 1 - linkage of {j, k, l}
	Closed-loop Power control process ID (l)
	UL TX Beam (group) indication
	Open-loop parameter set (OLParaSet_j)
	RS resource(s) for pathloss measurement
(RSResourceSet_k)

	1
	TX Beam group 1 – SRI1 and SRI2
	OLParaSet_1
	RSResourceSet_1

	2
	TX Beam group 2 – SRI3 and SRI4
	OLParaSet_2
	RSResourceSet_2


Table 1 is an example for joint indication scheme. Assuming N = 2, there are 2 closed-loop power control processes, each of which is linked to UL TX beam indication, an open-loop parameter set and an RS resource set(s) for pathloss measurement. UL TX beam indication can be a beam group indication. In this example, TX beam group 1 and TX beam group 2 both have 2 TX beams which are indicated in the form of SRI.
Closed-loop Power control process ID (l) and UL TX beam indication is indicated via DCI. To select a particular TX beam within a beam group, we consider a local index in specific beam group which l is associated with for less overhead.
Proposal 1: For NR uplink power control framework, linkage of {j, k, l} should be configured in higher layer.
· Each closed-loop power control process (l) is associated with UL TX beam indication, open-loop parameter set (j) and RS resources(s) for pathloss measurement (k) by higher layer signaling.
· Closed-loop Power control process ID (l) and UL TX beam indication is indicated by DCI signaling.

Views on reset trigger, e.g., parameter set reconfiguration and/or explicit signaling
gNB configures one or multiple power control processes, each of which contains one or multiple different UE beams. If a UE beam change is between beams belonging to one power control process, any power change due to the beam change is included in this power control process. Otherwise, any power change due to the UE beam change is done across different power control processes. In the power control framework f(i) reflects the power change. 
Within a power control process, beam changes could be considered slight and f(i) should be inherited by default. Among different power control processes, f(i) should be reset by default. Besides that, gNB could indicate UE to reset or inherit f(i) for some cases, e.g. gNB needs to change the UL receiver beams and gNB finds there is not big difference onserved from the measurement on receiver side. In this case even after switching to different power control processes, gNB can indicate UE to inherit f(i). 
Proposal 2: For closed-loop parameter f(i) can be reset or inherited by default and by gNB indication
· f(i) should be inherited by default for beam changes within a closed-loop power control process. 
· f(i) should be reset by default among different closed-loop power control processes.
· Besides the default scheme, gNB can explicitly indicate UE to reset or inherit f(i)
Power control for PUCCH
In LTE, two types of power control formula are supported for PUCCH format 1/1a/1b/2/2a/2b/3 and PUCCH format 4/5 respectively. 
NR has reached some agreements on PUCCH, which include:
· [bookmark: _Toc492918267][bookmark: _Toc492918268]Support short-PUCCH (PUCCH structure in short-duration) and long-PUCCH (PUCCH structure in long-duration)
· For short-PUCCH, support short-PUCCH for UCI of up to 2 bits and short-PUCCH for UCI of more than 2 bits with different formats
· For long-PUCCH, support long-PUCCH for UCI of up to 2 bits and long-PUCCH for UCI of more than 2 bits with different formats
Considerations on power for NR PUCCH:
· We can define a unified power control formula for short PUCCH and long PUCCH, the formula for PUCCH format 4/5 in LTE is flexible and could be reused for NR PUCCH. The formula is shown below with beam specific factor included, similar to beam specific power control for PUSCH.

 [dBm]
· [image: ], bandwidth of PUCCH, in number of RB 
· [image: ], data rate or MCS related parameter, FFS details
· [image: ], PUCCH format related parameter, FFS details
· [image: ], closed-loop power control parameter, similar to f(i, l) in PUSCH
· [image: ], pathloss measurement configuration, similar to [image: ]in PUSCH
· [image: ], the UE specific part of P0 should be the same for short PUCCH and long PUCCH
Proposal 3: for uplink power control for NR PUCCH
· Define a unified power control formula for short PUCCH and long PUCCH, the formula for PUCCH format 4/5 in LTE could be reused as a base.
· PL, as a factor of beam(s), should be kept the same for short PUCCH and long PUCCH
· P0, as a factor of beam(s) and interference on receiver side, should be kept the same for short PUCCH and long PUCCH
· [image: ] could be shared between short PUCCH and long PUCCH
Power control for SRS
SRS for CSI acquisition
SRS for CSI acquisition can be similar to SRS in LTE, so SRS for CSI acquisition can have the same power control process as PUSCH in NR. The following formula is for SRS for CSI acquisition based on that of beam specific power control formula of PUSCH. 

where [image: ] is the bandwidth of SRS for CSI acquisition in the number of RB, [image: ] is the power offset relative to PUSCH, other parameters are the same as those of PUSCH.
Proposal 4: SRS for CSI acquisition share the same power control process with corresponding PUSCH.
SRS for beam management 
SRS for beam management is different from SRS for CSI acquisition on power control. For beam management, a group of beams have the same transmit power which means some parameters such as P0, PL should be configured to more than one transmit beam. For independently triggered beam management, gNB may be unaware of the exact transmit beams, so closed-loop power control is impossible in some cases e.g. U1. Therefore, the power control formula of SRS for beam management is as follows.

,
Where [image: ],[image: ] and [image: ] are configured to a group of beams which are indicated by a single beam management trigger. 
· i should be defined for a period which may span more than one slot. It has relation with the time when the trigger message is sent and last for a variable period which may depend on the number of scheduled SRS.
· j is similar to that of PUSCH which related to open-loop power control parameter set.
· k either is similar to that of PUSCH, or depends on UE.
Proposal 5: Power control formula for SRS for beam management should have parameters of [image: ], [image: ] and [image: ] which are configured per group of beams.
Conclusions
In this contribution, we discuss UL power control for NR. From the above discussion, we have the following proposals:
Proposal 1: For NR uplink power control framework, linkage of {j, k, l} should be configured in higher layer.
· Each closed-loop power control process (l) is associated with UL TX beam indication, open-loop parameter set (j) and RS resources(s) for pathloss measurement (k) by higher layer signaling.
· Closed-loop Power control process ID (l) and UL TX beam indication is indicated by DCI signaling.
Proposal 2: For closed-loop parameter f(i) can be reset or inherited by default and by gNB indication
· f(i) should be inherited by default for beam changes within a closed-loop power control process. 
· f(i) should be reset by default among different closed-loop power control processes.
· Besides the default scheme, gNB can explicitly indicate UE to reset or inherit f(i)
Proposal 3: for uplink power control for NR PUCCH
· Define a unified power control formula for short PUCCH and long PUCCH, the formula for PUCCH format 4/5 in LTE could be reused as a base.
· PL, as a factor of beam(s), should be kept the same for short PUCCH and long PUCCH
· P0, as a factor of beam(s) and interference on receiver side, should be kept the same for short PUCCH and long PUCCH
· [image: ] could be shared between short PUCCH and long PUCCH
Proposal 4: SRS for CSI acquisition share the same power control process with corresponding PUSCH.
Proposal 5: Power control formula for SRS for beam management should have parameters of [image: ], [image: ] and [image: ] which are configured per group of beams
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