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Introduction
In previous meetings, the following agreements were made on power control for NR UL MIMO [1]~[3].
Agreements:
· In NR, PUSCH and at least some type(s) of SRS can share same closed loop power control command from gNB
· FFS details, e.g., the type(s) of SRS, beam related aspects, etc.
· In NR, PUSCH and PUCCH rely on independent closed loop power control commands from gNB
· Study aspects related SRS carrier switching
· 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
· Support beam specific pathloss for ULPC
· For beam specific power control, NR defines beam specific open & closed loop parameters. 
· FFS: details on beam common parameter(s)
· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control
· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.
· FFS: offset configured/specified, reported, 
· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter
In this contribution, we share our views on framework of PC and the related details.
Discussion
Beam specific PC
It has been agreed that NR supports beam specific power control (PC), but not clear for details. From the perspective of setting the parameters of power control formula, beam specific can be interpreted as TX beam specific, or RX beam specific or beam pair link specific or beam group specific.  BPL specific power control can provide the finest level of adaptation since it adapts to different channel due to different beam pair.  However, it may not be proper due to the following issues.
· BPL specific PC aims to precisely control power over each beam pair link which varies more frequently.   So  BPL PC may require frequent restart of CL PC procedure which makes power control unstable.  Also it requires the system to maintain more sets of PC parameters corresponding to different beam pairs.
· BPL specific PC requires UE to know the information of the UL RX beam, which may not be possible since UE is supposed not to know gNB implementation on Rx beam. In addition, RX beam indication causes more overhead and should be avoided.
For the first issue, a possible way is to group multiple TX beams into a group. When beam changes within a group, the closed loop parameters of power control could be shared. 
For the second issue, a possible way is to use a beam group related ID to hide the details of RX beam. UE considers the group ID as a group of RX beams.  In general, gNB could apply the same RX beam group for the same group ID. The gNB could also change the RX beam group during the transmission. The key point is the RX beams change within a group is transparent to UE.  Therefore, instead of BPL specific PC, it is more reasonable to support beam group specific PC. 
Among all the parameters of UL transmit power control in LTE, taking the following formula of PUSCH as an example, for one CC, in our opinion, 
· P0 (noted as [image: ]) UE specific part, [image: ]and f(i) should be beam group specific.
· P0 (noted as [image: ]) cell specific part should be UE specific.
· [image: ], [image: ]should be UE specific.
· [image: ], [image: ] should be transmission scheduling related factors.

	,        (1)
In this contribution, the beam group specific parameters will be discussed further.

On pathloss calculation
It has been agreed to use CSI-RS and SS  for pathloss calculation. DMRS of PBCH is also considered as a candidate which depends on whether the power offset is known by the UE or not. Before successful random access procedure, UE could not get any UE specific configuration,and UE could use SSS, and DMRS of PBCH to evaluate pathloss. When UE accesses network and gets UE specific CSI-RS used for pathloss calculation, UE has more choices for the type of DL RS.  The gNB should indicate the type and the resources of DL RS for pathloss calculation when UE accesses network.
With multi-beam scheme, the reciprocity between uplink and downlink is considered more difficult to exploit in NR because it requires stricter conditions compared with LTE. It is hard to judge the quality of reciprocity for pathloss precisely, so a uniform power control framework for all reciprocity cases is preferred. Similar to LTE, the pathloss should still be based on DL RS(s). while the real pathloss gap between DL and UL is compensated through closed loop power control scheme. 
gNB could recommend a wider beam DL RS or a set of DL RS(s) on the same level beams as the transmission for UE to calculate pathloss for poor reciprocity or no reciprocity cases. In that case the pathloss is expected to be less beam-specific and more stable, while in some extent could reflect the quality of large scale wireless environment. 
If there are more than one DL PL estimated used for PL calculation, UE is supposed to apply some sort of combination algorithm to get a proper PL result for UL transmission. The combination algorithm should be specified by the spec, or configured by gNB, or left to UE’s implementation.
Proposal 1: The following aspect for beam specific path loss is supported for UL PC 
·  Per UL Tx beam group i (corresponding to a group of DL RSs )  per serving cell c:
· DL PL estimated i,c = referenceSignalPoweri,c – RSRPi,c
· The referenceSignalPoweri,c is configured by higher layer for a DL RS(s) used for pathloss calculation.
· RSRPi,c is calculated based on the DL RS(s) which can be indicated by gNB
Notes: higher layer filtered RSRP or L1-RSRP is FFS.

On P0 parameter


In LTE system, to overcome pathloss, shadowing and fast fading, both open loop and close loop UL power control are supported. In NR, although andcan be considered to reflect the beamforming gain, there is a mismatch between DL beamforming gain and UL beamforming gain especially considering cases with non-ideal or no beam correspondence. Close loop UL PC can remove the mismatch fast and compensate the change of beamforming gain. Since the mismatch is larger than that of LTE, it would be beneficial to increase the TPC step size or other solution. 
P0 in LTE is configured in semi-static level, comprising a nominal power level which is common for all UEs in the cell and a UE specific offset component. The UE specific offset component is designed to correct for systematic offsets in a UE’s transmission power setting, e.g. errors in pathloss estimation or in absolute output power setting. 
In NR, UE specific component of P0 could be beam specific in order to at least reflect different channel and interference level from perspective of different RX beams of gNB. Furthermore, beam specific P0 can also be used as a similar functionality of TPC command delta, when power change due to beam change cannot be satisfied by 2-bit delta (assuming delta overhead for accumulation method in LTE) for indication. 
Proposal 2: P0 should be beam group specific in NR.
On Power Control (PC) framework
So far, there has been loads of discussion about the general concept of beam specific PC, beam specific PL calculation, and details about certain parameters.  However, few discussion casts the attention on power control framework. In order to move forward, beam specific PC framework should be discussed.
Beam specific PC framework should be flexible enough in our opinion.  The following requirements should be considered.
· Support beam specific parameter, beam common parameter and beam group specific parameter configuration
· Support TX/RX beam change, both slowly and fast
· Support closed loop PC parameters(e.g. f(i))can be inherited or reset after beam change
· Support multiple beam transmission with multiple independent power control loops
· Support transparent RX beam indication
· Support uniform structure for both cases with and without PL reciprocity
· ...
Figure 1is a tentative proposal of power control framework which could satisfy all the above requirements.





Figure 1 power control framework
After UL beam sweeping procedure, gNB chooses the best beam (s) of UE to form a candidate beam set.
Power control for SRS for CSI, PUSCH and PUCCH:
[bookmark: OLE_LINK2]From power control perspective, gNB needs to configure each power control loop a set of parameters which is referred as UL transmit parameter set (ULTxPara set) for PUSCH and PUCCH and at least includes the following information:
· TX beam (group) indication, indicating the transmit resources
· UE specific part of P0
For transmission of SRS, PL setting can be configured under SRS resource setting.  Then PUSCH and PUCCH transmission can link to particular SRS resource (group) to obtain corresponding PL.
· PL setting, including DL RS resource indication(s) which are used for pathloss measurement. 

Moreover, a ULTxPara set ID may be necessary, since there are likely more than one ULTxPara set.
For each of PUSCH, PUCCH and SRS, gNB could configure one or more ULTxPara settings, and each ULTxPara setting includes one or more ULTxPara sets. A ULTxPara set is for a power control loop. Each beam or beam group in the candidate beam set is supposed to be configured with a ULTxPara set at least for SRS ULTxPara setting.
The set ID can be used to share PL setting and TX beam (group) indication between SRS an PUSCH/PUCCH. For example, in figure 1, ULTxPara set ID #1 in ULTxPara setting for PUSCH shares the same PL setting and TX beam (group) indication as the set TP ID #1 in ULTxPara setting for SRS. So ULTxPara setting for PUSCH doesn’t need to carry these two parameters. 
The parameters of ULTxPara settings should be transmitted via RRC signaling. It would be better to configure ULTxPara set for a TX beam group which is relative more stable, and beam change within the beam group will not cause ULTxPara set changing. Then gNB indicates TX beam in DCI for a UL transmission to UE which could determine the proper ULTxPara set for the power control parameters.
UE maintains independent closed loop power adjustment f(i) for each ULTxPara set for each ULTxPara setting. gNB sends TPC command for each f(i) of the current transmission. For example, if the transmission is scheduled over two TX beams which share only one power control loop, then these two beams are configured to one ULTxPara set; if the transmission is scheduled over two TX beams which have independent power control loops, then these two beams are configured to two different ULTxPara sets. 
If ULTxPara setting for SRS/PUSCH/PUCCH are configured as follows, UE needs to maintain six f(i) for all the ULTxPara sets.
Resource setting for SRS:       ULTxPara set #1, ULTxPara set #2, ULTxPara set #3
ULTxPara setting for PUSCH: ULTxPara set #1, ULTxPara set #2, 
ULTxPara setting for PUCCH: ULTxPara set #1, 
Generally, ULTxPara sets of PUSCH and PUCCH are the subset of that of SRS. With the same ULTxPara set ID, even different type of transmissions share the same beam group pair link, that means the receiving quality e.g. BLER of PUSCH can be used to decide the TPC command of PUCCH, or SRS. A problem is how to do power control for the ULTxPara set ID which is not configured in PUSCH ULTxPara setting, or is configured in PUSCH ULTxPara setting but without PUSCH scheduled over it, since there is no BLER for SRS. 
Reconfiguration of ULTxPara setting or ULTxPara set will cause the related f(i) to be reset. gNB could use P0 to compensate the gap of f(i) to zero if f(i) is supposed to inherit the history value in some cases, such as beam change in a narrow range.

Figure 2 shows the case when the.candidate beam set changes gNB re-configures the ULTxPara setting parameters. The new candidate beam set includes beam group 1 (beam ID #1, #2), and beam group 3(beam #5, #6). Compared with the old state, beam group 1 is not changing, so need not to be re-configured; however, beam group 3 is to be replacing beam group 2, so ULTxPara setting only covers ULTxPara set #2. ULTxPara set #2 of ULTxPara setting for PUSCH and PUCCH need to be updated at the same time. As mentioned above, ULTxPara set #2 for PUSCH and PUCCH could share TX beam (group) indication and PL setting, so only P0 needs to be carried in ULTxPara set #2 for PUSCH and PUCCH.
Upon receiving ULTxPara set #2, UE needs to reset the relevant f(i) while holds the f(i) for ULTxPara set #1.



Figure 2 the change of candidate beam set 
Proposal 3: support the power control framework as follows:
· gNB configures one or more UL transmit parameter sets for SRS/PUSCH/PUCCH respectively. Each ULTxPara setting includes at least one ULTxPara set, and each ULTxPara set is for one power control loop.
· ULTxPara set should configure at least P0 UE specific part
· ULTxPara set either configures PL setting and TX beam (group) information or configures a tie to index PL setting and TX beam (group) information for the power control loop

Support different transmission waveforms 
In LTE uplink, as DFT-S-OFDM has lower PAPR compared to CP-OFDM, it can improve link budget especially for coverage-limited UEs. Moreover, DFT-S-OFDM is the only transmission waveform used in LTE uplink. 

It has been agreed that both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs, at least for eMBB uplink for up to 40GHz. To achieve higher PA efficiency, it will be better to introduce different UL PC mechanisms for DFT-S-OFDM and CP-OFDM respectively because of visible difference of CM between these two transmission waveforms. For DFT-S-OFDM, the design on determining UE transmit power in LTE can be the baseline for NR UL PC. For CP-OFDM, to avoid the distortion of signal when UE transmit uplink signal using maximum power, the maximum transmission power should be back off compared to that of DFT-S-OFDM. Since the gNB is aware of the power headroom differences for different waveforms, for simplicity, the power offset  could be a specified value based on the difference of CM between CP-OFDM and DFT-S-OFDM. 

[bookmark: OLE_LINK1]	,   (2)
Proposal 4:The maximum transmission power should be back off when CP-OFDM is applied to UE, the power offset could be a specified value based on the difference of CM between CP-OFDM and DFT-S-OFDM. 
PC for SRS
In LTE, power control of SRS shares almost the same parameters with that of PUSCH except a configurable offset. In NR, there are two types of SRS: for CSI acquisition and for beam management. 
· SRS for CSI acquisition is similar to SRS in LTE. But SRS for CSI acquisition may occupy wider range of TX beams than that of PUSCH. Therefore, the PUSCH could share PC setting parameters with those SRS for CSI acquisition over the same beam (pairs) as the PUSCH, and SRS for acquisition over different beam pair from PUSCH may need independent ULTxPara sets. 
· Power control of SRS for beam management is different from that of SRS for CSI acquisition. gNB as a receiver needs to compare the quality of different beam pair link, so SRS for beam management over different TX beams would better be transmitted at the same power level. In addition, beam group based power control could also be considered and has benefit in some scenarios. Beam group based power control for SRS for uplink beam sweeping achieves lower interference to the transmission of adjacent gNB while ensuring the reception of SRS resources. This is particularly useful during the beam refinement stage for different beam groups corresponding to different uplink paths. With the above PC framework, gNB can configure different PC settting for different group of SRS for beam management.
Proposal 5: Beam group based power control for SRS for beam management is supported. .
PC for Beam failure recovery request transmission
When beam failure is found, UE chooses a beam set to transmit beam failure recovery request. The power of beam failure recovery request should be decided as follows:
· Option 1: at full power 
· Option 2: the same power control procedure as PRACH
· Option 3: based on power control procedure as PRACH, considering the power of the last successful UL transmission
For option 3, the power of the first request has relation with the transmit power for the recent transmissions. If no response is received within a certain period, UE should re-transmit the beam failure recovery request with a higher transmit power compared with the last time on the same beam set. The power ramping procedure is similar to that of re-transmission of the Random Access Preamble. The power ramping step may be the same as or different from the power ramping step for PRACH.
UE could use a fixed power ramping step configured by gNB to calculate the power of the re-transmissions of beam failure recovery request. The following formula describes the relation.
P = min {PCMAX,  P_LastTX + ΔP_rampup }    [dBm]
where,
· ΔP_rampup is configured by gNB
· P_LastTX is the transmit power of last successful transmission
· PCMAX is the maximum power of UE
The above schemes of option 1, 2 and 3 may be suitable for different scenarios. Whether all of them should be supported or not is FFS.
Proposal 6: TPC for beam recovery mechanism should consider the following methods:
· Option 1: at full power 
· Option 2: the same power control procedure as PRACH
· Option 3: based on power control procedure as PRACH, considering the power of the last successful UL transmission

Conclusion
In this contribution, we discuss UL power control for NR. From the above discussion, we have the following proposals:
Proposal 1: The following aspect for beam specific path loss is supported for UL PC 
·  Per UL Tx beam group i (corresponding to a group of DL RSs )  per serving cell c:
· DL PL estimated i,c = referenceSignalPoweri,c – RSRPi,c
· The referenceSignalPoweri,c is configured by higher layer for a DL RS(s) used for pathloss calculation.
· RSRPi,c is calculated based on the DL RS(s) which can be indicated by gNB
Notes: higher layer filtered RSRP or L1-RSRP is FFS.
Proposal 2: P0 should be beam group specific in NR.
Proposal 3: support the power control framework as follows:
· gNB configures one or more TP (transmit parameter) settings for SRS/PUSCH/PUCCH respectively. Each ULTxPara setting includes at least one ULTxPara set, and each ULTxPara set is for one power control loop.
· ULTxPara set should configure at least P0 UE specific part
· ULTxPara set either configures PL setting and TX beam (group) information or configures a tie to index PL setting and TX beam (group) information for the power control loop
Proposal 4:The maximum transmission power should be back off when CP-OFDM is applied to UE, the power offset could be a specified value based on the difference of CM between CP-OFDM and DFT-S-OFDM. 
Proposal 5:Beam group based power control for SRS for beam management is supported. .
Proposal 6: TPC for beam recovery mechanism should consider the following methods:
· Option 1: at full power 
· Option 2: the same power control procedure as PRACH
· Option 3: based on power control procedure as PRACH, considering the power of the last successful UL transmission
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