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1 Introduction
At several RAN1 meetings for Rel-14, regarding uplink (UL) power control (PC) for NR MIMO, some agreements [1]-[2] were reached as follows:
· 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.
· 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
· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple process.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process
· At least an UL transmission scheme without grant is supported for URLLC

· Further study on:

· Power control for grant free PUSCH if supported
Regarding DL RS for mobility and beam management measurement, some agreements [1] were reached as follows:
· RAN1 assumes at least SSS is used for SS block RSRP

· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Measurement quantities for beam
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
In this contribution, we further generally discuss the open issues on UL power control procedures and parameters based on the above agreements in NR including all possible channel/RS (PUSCH/PUCCH/SRS) common and/or specific parameter setting for specific transmission property. In addition to all specific parameter discussion, we also aim to standardize a general design framework for NR UL PC which may be configured with multiple transmission properties (e.g. beam/ traffic service/ numerology/grant/ waveform, etc.) And some detail designs of UL PC for SRS, PUSCH and cross-link interference also can be found in our company contributions [3]-[5].
2 Discussion on key components of UL PC
LTE UL PC with fractional power control (FPC) has been agreed as a general framework for NR UL PC. The general formula of UE UL transmission power is
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in which open-loop part includes UE maximum power 
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 including both cell-specific part and UE-specific part, while closed-loop part includes power adjustment based on frequency resource bandwidth 
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. In addition to these general PC parameters, there are some channel/signal specific parameters for the specific compensation. For example of PUCCH, transmission format offset 
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 can be used. Based on the existing PC parameters, new features and requirements of NR need to be considered. Therefore, we have further discussions on new considerations. First, we discuss some key specific transmission properties for some new scenarios. Then we propose a general PC setting framework for standardization that allows flexible combination of the key components to support UL PC in varieties of forms in NR.
2.1 General framework of UL PC design for NR
For this part, we generally show some UL PC specific and/or common mechanism/parameter for some specific UL transmission properties.
2.1.1 Beam specific PC
For beam specific power control, open (at least PL) & closed-loop parameters are agreed. Generally, beam specific power control can be similar for PUSCH/PUCCH/SRS/PRACH with multiple beam transmission with specific Tx and/or Rx spatial filtering. For one complete beam specific PC setting, at least the following parameters should be clearly specified to UE. The first one is the beam identity. Now it seems beam pair link (BPL) can be used to specify one UL transmission. Optionally beam pair link group with multiple BPL (e.g. associated for one or multiple codewords) also can be defined. For specific the BPL (group) indication, QCL assumption between antenna port (group) of RS for PUSCH/PUCCH/SRS and DL RS (e.g. CSI-RS) can be used. The second one is the beam specific PC parameters. In addition to the agreed PL, some other specific open-loop P0, 
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 and even close-loop TPC can be used to separately compensate the received power for multiple considerations (e.g. targeted power, interference, etc.). 
2.1.2 Traffic service specific PC
In NR, different traffic service types will be supported including eMBB and URLLC. Different traffic service may have different performance requirement (e.g. reliability, latency) which are implicitly associated with different mechanisms such as grant mode (e.g. dynamic grant and/or RRC configured), numerology  and scheduling time unit length (e.g. mini-slot, slot), etc. For example, combination from dynamic grant/ slot-level scheduling/ 15 kHz-SCS can be used for eMBB while combination from RRC-based / mini-slot-level scheduling/ 30 kHz-SCS is used for URLLC. For the specific performance requirement (e.g. SINR), the targeted power setting P0 and PL compensation factor 
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 should be specifically set. 
2.1.3 Channel/Reference signal specific PC
Following the agreement on separate PC process for PUCCH/PUSCH/SRS, they may also have different performance and/or measurement requirements. Similar to LTE, the targeted power setting P0, PL compensation factor 
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 and closed-loop TPC should be specifically set at least for PUSCH and PUCCH. Moreover, NR may support new transmission scenarios which may generate new specific requirements for different RS and channel. For example, new reference signal including DMRS and PTRS will introduce the new multiplexing structure with PUSCH, and the power control set for DMRS may also be specifically set. More details can be found in another company contribution [4].
2.1.4 Transmission format specific PC
Aside from the specific PC set between different channel, RS for same or different traffic service, same channel and/or RS with different transmission format and/or scheme and/or measurement type also needs specific power set. For example in LTE, PUCCH with different format, PUSCH with different MCS, the related compensation offset should be separately set for the stable performance target. Thus this general transmission format specific offset should be reserved and extended for NR UL PC. For example, NR-PUCCH will support new transmission format including long or short format even for the same overload size which will achieve the different performance. Then for the different transmission formats for the same channel, at least specific offset should be defined.
2.1.5 Interference specific PC
To mitigate the cross-link interference of NR duplex flexibility, power control can be one potential method and has been agreed to be further studied. For example, based on the cross-link interference measurement, the influences of the cross-link interference generated to the neighboring cells can be represented by one specific parameter indicated by L1 signaling. And this separate parameter can be configured by RRC signaling with one set of candidates and which one candidate to be used is indicated by L1 signaling. Alternatively, based on measurement of UE-UE cross-link interference, UE could determine its UL power control settings from the candidates of power control parameters configured by gNB. It is beneficial for cross-link interference mitigation by efficiently utilizing the results of cross-link interference measurement. Details of schemes and simulation results can be found in our companion’s contribution [3].
2.1.6 Common inter-channel/RS PC 
Though channel/signal specific uplink power control consideration ideally aims to provide the optimal performance gain, some common components (e.g. P0, 
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, etc.) for multiple specific power control loops which are transmitted with the similar performance target. For example in LTE, same parts for Msg1 transmission are reused for PUSCH transmission of Msg3 and some parts for scheduled PUSCH are reused for SRS transmission. Moreover, we also can regard PUSCH with DMRS has the completely same PC set. Thus common PC parameter setting should be reserved and extended for NR UL PC. For example, UE can support one or multiple beam and/or numerology, and some common parameters may be considered for PUSCH and SRS which are associated with the same beam and/or numerology on the same carrier or bandwidth part. In addition to the agreement on common close-loop TPC between PUSCH and specific-type SRS, the targeted power P0 and compensation factor 
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 can be commonly set. More detail on SRS power control will be discussed in another company contribution [5]. For fast SRS switching between CCs or bandwidth parts, separate power setting mechanism like in R14 needs to be considered due to the switching-to CC/bandwidth part is not configured with the corresponding PUCCH/PUCCH transmission. 
2.1.7 Maximum power specific PC
In LTE, maximum output power will be one main RAN4 issue and will be different from the specific transmission properties like different modulation, MIMO and CA etc. This means maximum power 
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 for one specific transmission can be different (e.g. MPR, A-MPR). Then this mechanism can be reused and extended to the NR UL transmission with different waveform configuration (both OFDM and DFTS-OFDM) which may expect different PAPR and one PA back-off to achieve similar transmitter requirements with one same PA. 
2.2 General UL PC parameter configuration
The above discussions illustrate that all possible specific PC mechanism and/or parameters considerations. However, for one specific UL transmission simultaneously associated with one or more specific UL transmission properties discussed above, one general PC framework (e.g. PC formula including multiple specific parameters) need to be determined and standardized by considering the reduction for UE complexity and/or configuration overhead cost; For example, one comprehensive parameter will be configured based on multiple property components and how to derive this parameter should be left to implementation. In this part, we will discuss more for each PC parameter for each specific UL transmission (e.g. PUSCH/PUCCH/SRS).
2.2.1 Pathloss
Both SS block (SCH and/or DMRS of PBCH) and CSI-RS are agreed for “beam specific” PL estimation. As discussed in the previous part, BPL (group) can be associated with the one specific PL calculation. However, the applicable case for above DL RSs and how to combine/handle the measurement are still open.
When multiple DL RS are configured to a UE, which DL RS should be used for PL estimate for a specific PC setting should be specified (e.g. one QCL association indication between a UL signal and a DL RS). For UEs without UE-specific configurations (e.g. IDLE), pathloss estimation for UL PC compensation for some transmissions (e.g. Msg1 and Msg3 in initial access RACH procedure) can only be derived from SS block with L3 filtering RSRP based on mobility measurement. Here the association between the UL transmissions and the L3 SS-RSRP can be specified in standards. For UEs with UE-specific configurations (e.g. in CONNECTED mode), one or multiple CSI-RS can be configured for beam management. To flexibly and dynamically track the beam specific pathloss, UE can be configured to estimate pathloss associated with a specific CSI-RS resource and L1 RSRP for beam management measurement. In addition, SS block is one “always-on” signal used for L3 mobility in both IDLE and CONNECTED and also can be configured to support the spatial QCL assumption with CSI-RS in some cases for the PL enhancement. So both SS block and CSI-RS can be configured for PL estimation. Both L1 RSRP and/or L3 RSRP can be considered for the combined PL estimation. 
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Figure 1 DL RS for PL estimation

In some cases, there will be a pathloss mismatch measured between DL and UL. For example, TRP set serving for DL and UL can be different and Tx/Rx beam reciprocity at gNB and/or UE may be not always assumed. Then the pathloss should be compensated for these mismatch cases. Two possible options can be considered for the PL compensation. The first one can be based on PL offset compensation, which can be signaled as a static power offset. The second one can be combining (e.g. averaging) one PL from multiple BPL (group) specific PL. On the other hand, UL RS based PL estimate may also be considered. In this case, the network estimates the PL and indicates to UE, and the framework can be extended to support it.

Therefore we have the following proposal as:
Proposal 1: For PL estimation, NR supports

· Both L3 and L1 RSRP should be supported for PL estimation.

· SS block only based L3 RSRP should be supported before L1 beam measurement configuration

· CSI-RS based L1 RSRP should be supported after L1 beam measurement configuration.

· PL compensation for asymmetric UL/DL should be supported. 
· QCL assumption between antenna port (group) of RS for PUSCH/PUCCH/SRS and DL RS (e.g. CSI-RS) should be indicated for identifying BPL (group)

2.2.2 Target power and/or offset

Generally, target power P0 (two parts including both nominal P0_nomial and UE-specific P0_UE_specific) is used to adjust the power level at the receiver side for the performance requirement.  Secondly, it’s also used to compensate extra considerations which can be left to implementation. One P0 parameter is open-loop and semi-static value. As per the performance requirement, at least it should be set specifically for different properties including, i)traffic service (e.g. EMBB, URLLC) which may be associated with other properties (e.g. numerology, grant, slot), ii) different channel channel/ reference signal (e.g. PRACH/ PUSCH/ PUCCH/ SRS), iii) transmission scheme (e.g. beamforming, waveform, interference etc. )  This mechanism is similar as in LTE. For example, PRACH (Msg1 and Msg3)/ PUSCH (DCI/SPS)/ PUCCH has separate target P0 set associated with different UL subframes (e.g. interference). Then this mechanism can be reused and extended to the NR UL transmission with more flexible UL transmission property combination Table 1. 
Table 1 P0 configuration for UL transmission property combination
	P0_1
	{property_1, }

	P0_2
	{ property_1, property_2}

	P0_3
	{ property1_, property_2, property_3}

	Note: P0_x and property_x (x=1/2/3) just generally show 3 property combination specific P0


As per power offset mechanism, despite of the intra-channel offset setting, another dimension is inter-channel/RS power offset also needs to be supported. As in LTE for PUSCH and SRS, additional power offset will be added if the common setting between PUSCH and SRS will be supported. Then this mechanism can be reused and extended to the NR UL transmission between PUSCH and DMRS/PTRS (if power boosting agreed).
Observation 1: The UE may maintain multiple target power P0 wherein each is associated with one specific property combination from one or more of traffic service type, BPL (group) , grant type, slot type, etc. Moreover, power offset also can be used for different channel/RS (e.g. PUSCH/SRS).
2.2.3 PL compensation factor
Generally, PL compensation factor 
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aims for tradeoff between target power and interference coordination. In LTE, this value is can be channel/RS/interference this specific. Then mechanism can be reused and extended to the NR UL transmission with more flexible property configuration. For example, different traffic service can use different 
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 for the different performance target. Moreover, different waveform aims for different coverage, different 
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 also can be considered. Then similarly, property combination specific 
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 can be indicated as shown in Table 2. 

 Table 2 PL compensation factor for UL transmission property combination
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_1
	{property_1, }
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_2
	{ property_1, property_3}

	Note: 
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_x and property_x (x=1/2/3) just generally show 2 property combination specific 
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In addition to this flexible PL compensation factor, other 
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 derivation based on one predefined rule also can be considered.
Observation 2: The UE may maintain multiple PL compensation factor 
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 wherein each is associated with one specific property combination from one or more of traffic service type, BPL (group) , grant type, slot type, etc. 

2.2.4 MCS compensation offset
Generally speaking, MCS compensation offset 
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 is one compensation value associated one real transmission scheduling for the stable performance target. In LTE, PUCCH/PUSCH supported this mechanism. Then mechanism can be reused and extended to the NR UL transmission. 
Observation 3: MCS compensation is still useful for stable performance target.

2.2.5 Transmission format offset
Similar as MCS compensation offset function, transmission format offset 
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is also one compensation value associated one real transmission scheduling for the stable performance target. Typically in LTE, PUCCH with five formats supported this mechanism. Then mechanism can be reused and extended to the NR UL transmission. For example, new PUCCH with long/short format for the same overload size, the detection performance will be different. So this performance gap should be captured by the specific PUCCH format offset.
Observation 4: Transmission format compensation is still useful for stable performance target at least for PUCCH with long/short PUCCH.

2.2.6 TPC loop state
Transmission power command 
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 is close-loop part and included in DCI to indicate the dynamical adjustment. In LTE, both absolute (i.e. memory-less) and accumulative (i.e. loop sate specific) ones are introduced. Moreover, traffic service (MBB/ SPS)/ channel (PUSCH/ PUCCH) and/or interference (i.e. subframe set) specific TPC are introduced to capture the separate close-loop adjustment for the specific transmission property. Then this mechanism can be reused and extended to the NR UL transmission. For example, different numerology with different slot length can be associated with specific TPC. Moreover, TPC also can be considered per BPL (group) to cover the large link fluctuation. Moreover, how to combine multiple specific TPC should be considered for NR.
Observation 5: The UE may maintain multiple closed-loop power control states based on TPC commands wherein each is associated with one specific property combination from one or more of traffic service type, BPL (group) , grant type, slot type, etc. 

2.2.7 Maximum Tx power
In LTE, different PAPR resulted from the scheduled bandwidth and modulation order will impact the maximum output power for UE. Then this mechanism can be reused and extended to NR UL transmission with different waveform (CP-OFDM/DTF-S-OFDM) with different PAPR. Then waveform specific MPR can be used to adjust the real-time maximum output power.
Observation 6: Waveform specific MPR is enough for power control.

Over all discussions above, one general PC formula for UL NR transmission (PUSCH/PUCCH) can be shown as below and some parameter can be set zero for specific channel.
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 and one TPC loop state 
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is selected for one real UL transmission out of J  property configuration specific target power, K property configuration specific PL compensation factor, L BPL specific pathloss, M transmission format specific offset, N property configuration specific TPC loop state. 
To conclude this section, an example of the general UL PC framework configuration is provided for possible standardization consideration. The above discussions illustrate that a PC setting contains several key components, and each component may take various values of parameters of various forms. When the components are determined and combined, a PC setting is well defined/determined. As evident from above, to determine each component for each PC setting can be complicated. However, the standards do not have to specify how all the components need to be determined for all PC settings; a significant part of determining the components and their parameters should be left to implementation. A PC setting (or any PC setting) can be basically viewed as an association of the above key components. By properly combining/configuring/indicating the components, the network can support many forms of PC settings and the UE can uniquely determine its power. However, to avoid UE complexity, only a limited number (e.g. 3) of PC settings may be supported by a UE, and the maximum number can be standardized or reported by UE as UE capability.
Below proposal for PUSCH PC demonstrates the general UL PC framework configuration and can be readily extended to other UL channels:

Proposal 2: As a framework for NR uplink power control, at least for grant-based PUSCH, NR supports one or multiple power control settings for a UE, where 

· UE performs L (e.g., L<=3) pathloss estimates based on DL signal(s) (CSI-RS and/or SS/DMRS for PBCH) according to gNB configuration(s)

· UE maintains N (e.g., N<=3) closed-loop power control states f(n) based on TPC commands according to  gNB configuration(s)

· A power control setting consists of one configured open-loop power control parameter set {Po, 
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}, one pathloss estimate, one MCS compensation offset and one closed-loop power control states f(n)

· For PUSCH transmissions associated with a property combination of traffic service type, BPL (group) , grant type, slot type, and etc., UE applies a power control setting accordingly

3 Conclusion
In this contribution, further discussions on UL PC in NR were presented. We have the following observations:
Observation 1: The UE may maintain multiple target power P0 wherein each is associated with one specific property combination from one or more of traffic service type, BPL (group) , grant type, slot type, etc. Moreover, power offset also can be used for different channel/RS (e.g. PUSCH/SRS).

Observation 2: The UE may maintain multiple PL compensation factor 
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 wherein each is associated with one specific property combination from one or more of traffic service type, BPL (group) , grant type, slot type, etc. 

Observation 3: MCS compensation is still useful for stable performance target.

Observation 4: Transmission format compensation is still useful for stable performance target at least for PUCCH with long/short PUCCH.

Observation 5:The UE may maintain multiple closed-loop power control states based on TPC commands wherein each is associated with one specific property combination from one or more of traffic service type, BPL (group) , grant type, slot type, etc. 

Observation 6: Waveform specific MPR is enough for power control.
Based on the observations, we have the following proposals
Proposal 1: For PL estimation, NR supports

· Both L3 and L1 RSRP should be supported for PL estimation.

· SS block only based L3 RSRP should be supported before L1 beam measurement configuration

· CSI-RS based L1 RSRP should be supported after L1 beam measurement configuration.

· PL compensation for asymmetric UL/DL should be supported. 
· QCL assumption between antenna port (group) of RS for PUSCH/PUCCH/SRS and DL RS (e.g. CSI-RS) should be indicated for identifying BPL (group)

Proposal 2: As a framework for NR uplink power control, at least for grant-based PUSCH, NR supports one or multiple power control settings for a UE, where 

· UE performs L (e.g., L<=3) pathloss estimates based on DL signal(s) (CSI-RS and/or SS/DMRS for PBCH) according to gNB configuration(s)

· UE maintains N (e.g., N<=3) closed-loop power control states f(n) based on TPC commands according to  gNB configuration(s)

· A power control setting consists of one configured open-loop power control parameter set {Po, alpha }, one pathloss estimates, one MCS compensation offset, and one closed-loop power control states f(n)

· For PUSCH transmissions associated with a property combination of traffic service type, BPL (group) , grant type, slot type, and etc., UE applies a power control setting accordingly
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