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Introduction
In RAN1#90 meeting, the following agreements were made on power control for NR UL MIMO [1].
Agreements:
· For open-loop power control parameters for PUSCH for a UE, 
· gNB configures one or multiple P0 values 
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· gNB can configure one or multiple alpha values
· FFS the case of closed-loop power control 
· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
· PL calculation can be based on periodic CSI-RS if configured at least for the following cases:
· PUSCH
· SRS 
· PUCCH 
· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission
· E.g., specification of fixed power back-off, specification of power back-off as MPR
There are also many agreements from previous meetings [2]~[4], based on these agreements we provide our considerations on framework of power control (PC), power headroom report (PHR) and the related details in this contribution.
Discussion
Beam group specific power control
For interpretation of beam specific power control, BPL specific power control is the most accurate one but not proper in reality because it tends to be fragile, any minor beam change would invalidate the current power control loop. Furthermore, BPL specific PC requires UE to know the information of the UL RX beam, which may not be possible since UE is not supposed to know gNB implementation on Rx beam. Therefore, instead of BPL specific PC, it is more reasonable to support beam group specific power control.
To be more specific, beam group specific power control means uplink TX beam group power control, with uplink RX beam transparent to UE. 
Among all the parameters of UL transmit power control in LTE, taking the following formula (1) of PUSCH as an example, for one CC, in our opinion, 
· 


P0 (noted as ) UE specific part, PL, and should be beam group specific.
· 
P0 (noted as ) cell specific part should be UE specific.
· 
 should be UE specific.
· [image: ], [image: ] should be transmission scheduling related factors.

	(1)
The beam group specific parameters are discussed in details below.
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. 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, ideal reciprocity between uplink and downlink is considered to be more difficult to exploit in NR because it requires stricter conditions compared with LTE. In reality, it is hard to judge the quality of reciprocity for pathloss precisely, so a unified power control framework for all reciprocity cases is preferred. Similar to LTE, the pathloss should still be based on DL RS(s). while the actual 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) representing a range of transmission beams 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 standardized in the spec, or configured by gNB, or left to UE implementation.
Proposal 1: At least for PUSCH transmission, UE can have multiple configurations of DL RS for PL measurement, e.g., {SSB, CSI-RS}, {SSB,SSB}, {CSI-RS, CSI-RS}, etc
· The configuration of CSI-RS resource for PL measurement can be independent from that of CSI-RS resource for other usage
· Each configuration of DL RS for PL measurement corresponding to a UL TX beam group
Power Control framework
In RAN1#90 meeting, power control framework was discussed and the agreements were reached on gNB configuration of one or multiple P0 (and alpha) values for open-loop power control parameters for PUSCH for a UE. Note that P0 and alpha may be configured to different beam set or other kinds of combinations. It is a good starting point of the power control framework, however, further work needs to be done to get a clear framework.
In our opinion, beam specific PC framework should be flexible enough and 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 group change
· Support multiple beam transmission with multiple independent power control loops
· Support transparent RX beam indication
· Support unified structure for both cases with and without PL reciprocity
From power control perspective, gNB needs to configure each power control loop a set of parameters which is depicted as ULTxPara (UL Transmission Parameters) set includes at least the following information:
· TX beam (group) indication, indicating the transmit resources
· UE specific part of P0
· PL configuration, including DL RS resource indication(s) which are used for pathloss measurement. 
· Alpha, which is pathloss factor
Besides above parameters, a ULTxPara set ID may be necessary, since there are likely more than one ULTxPara set, and the ULTxPara set ID could be used to identify a PC loop parameter configuration.
Among these parameters, UE specific part of P0, PL configuration and alpha are implicitly related to an RX beam (group), but explicitly related to a TX beam (group). So joint configuration of these parameters should be recommended. 
In addition, Different type of channel and signal such as SRS, PUSCH, long/short PUCCH, may have different UE specific part of P0 even for the same beam pair link, while other parameters tend to be beam related for all channel and signal. So each ULTxPara set could contain multiple UE specific part of P0 for multiple channels and signals. 
Alpha is considered to be configured for a group of UL RX beam, e.g. per TRP which is not exactly the same as the RX beam group of UE specific part of P0 and PL configuration. So it could be configured as a parameter in ULTxPara set or as a common parameter for multiple ULTxPara sets.
A possible way to configure these parameters is proposed as follows. gNB configures UL Transmit Parameters sets to a UE for all possible channels and signals, e.g. for SRS for CSI acquisition and PUSCH, for each beam (group) within the candidate beam set. Table 1 is an example assuming a candidate beam set includes four beams which referred as SRI1, SRI2, SRI3 and SRI4. Table 2 is an example assuming a candidate beam set includes two beam groups which referred as TX beam group1 with SRI1 and SRI2, and TX beam group 2 with SRI3 and SRI4.
Table 1 - UL Transmit Parameters sets for candidate beam set
	ULTxPara set ID
	TX Beam
	P0 UE specific part for SRS
	P0 UE specific part for PUSCH
	PL configuration
	alpha

	1
	TX Beam 1 – SRI1
	P0_value_1
	P0_value_5
	PL_configuration_1
	alpha_value_1

	2
	TX Beam 2 – SRI2
	P0_value_2
	P0_value_6
	PL_configuration_2
	alpha_value_2

	3
	TX Beam 3 – SRI3
	P0_value_3
	P0_value_7
	PL_configuration_3
	alpha_value_3

	4
	TX Beam 4 – SRI4
	P0_value_4
	P0_value_8
	PL_configuration_4
	alpha_value_4



Table 2 - UL Transmit Parameters sets for candidate beam set in TX beam group
	ULTxPara set ID
	TX Beam
	P0 UE specific part for SRS
	P0 UE specific part for PUSCH
	PL configuration
	alpha

	1
	TX Beam group 1 – SRI1 and SRI2
	P0_value_1
	P0_value_3
	PL_configuration_1
	alpha_value_1

	2
	TX Beam group 2 – SRI3 and SRI4
	P0_value_2
	P0_value_4
	PL_configuration_2
	alpha_value_2


A ULTxPara set is power control configuration associated with a specific BPL (group). In the above examples each ULTxPara set carries multiple P0 UE specific part for multiple channels and signals, ULTxPara set could also include P0 UE specific part for only one type of channel or signal.
Besides that, gNB could configure a UE one or more ULTxPara settings, and each ULTxPara setting indicates one or more ULTxPara sets. In this way multiple concurrent power control loops could be supported. A ULTxPara setting is configured for a channel or signal, or for a specific configuration, such as traffic, etc.. Table 3 is an example for ULTxPara setting configuration. ULTxPara setting ID 1 supports only one ULTxPara set which is associated with a power control loop for PUSCH and ULTxPara setting ID 2 supports two ULTxPara sets which means two concurrent power control loop for PUSCH. In reality, ULTxPara setting ID 1 and ULTxPara setting ID 2 are configured to different scenarios, e.g. for URLLC and eMBB respectively. 
Table 3 - UL Transmit Parameters setting for PUSCH
	ULTxPara setting ID
	ULTxPara set ID list

	1
	ULTxPara set ID 1

	2
	ULTxPara set ID 1
ULTxPara set ID 2


The parameters of ULTxPara settings should be configured via RRC signaling. Then gNB indicates TX beam(s) in DCI or MAC CE for a UL transmission to UE which could determine the proper ULTxPara set for the power control parameters using the relation between TX beam resource and TX beam (group) in the configured ULTxPara set.
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 the same ULTxPara Set ID, SRS for CSI acquisition and PUSCH may share the same f(i).
Reconfiguration of ULTxPara setting or ULTxPara set will cause the related f(i) to be reset. gNB could use P0 to compensate the changing of f(i) during reset if f(i) is supposed to inherit the history value in some cases, such as beam change in a narrow range.
Proposal 2: support the power control framework as follows:
· gNB configures one or more UL transmit parameter settings for a UE. Each ULTxPara setting includes at least one ULTxPara set. 
· Each ULTxPara setting is configured for a channel or signal, or for a specific configuration, such as traffic, etc..
· Each ULTxPara set is associated with one power control loop.
· TX beam (group) indication, P0 UE specific part and PL configuration should be configured per power control loop, e.g. per ULTxPara set.
· Alpha could be configured per power control loop, e.g. per ULTxPara set 
· Upon receiving RRC re-configuration of ULTxPara set, UE needs to reset the relevant f(i).
Beam specific PHR
Beam specific power control is supported in NR as baseline, parameters such as PL, P0, f(i) should be beam specific. PHR is not a direct parameter for UL power calculation but can affect gNB when it decides TPC command which may be beam specific. From this perspective, beam specific PHR seems beneficial for accurate power control. In LTE, there are 3 types of PHR considering different combination of PUSCH, PUCCH and SRS. For each CC (component carrier) only one PHR process exists which means UE needs to maintain one state machine for all the trigger conditions. In NR, different beam groups should be seen as different objects, so multiple PHR processes may be needed for one CC. Power control framework should also consider how to support beam specific PHR.
gNB configures PHR setting via RRC signal, which includes the following information.
· Timers, similar to LTE, including timers such as periodicPHR-Timer and prohibitPHR-Timer 
· PL changing threshold, similar to dl-PathlossChange in LTE
· PHR process indication, e.g. indicated by ULTxPara setting or ULTxPara set(s)
UE maintains one PHR process for all the TX beams indicated by the PHR process indication. gNB could configure more than one PHR setting to support multiple PHR processes if necessary.
PHR calculation:
Different from LTE, NR may have multiple beam pairs for UL transmission which means there might be more than one BPL to be monitored. Basically, if a UL transmission is scheduled on more than one TX beam at the same time, the PHR should be considered as one power headroom calculation for the total transmit power of all these TX beams.
For instance, if a PHR process includes M TX beams, Pm is the transmit power of the mth TX beam, where m is an integer from 1 to M. UE calculates the PH as follows:

,	where PCMAX is the UE’s maximum transmit power.
Trigger condition:
In LTE, PHR is triggered only if one of the trigger conditions is met. One of the conditions is related to the parameter of dl-PathlossChange. If the path loss has changed more than dl-PathlossChange dB since the last transmission of a PHR, UE may need to trigger PHR. Considering multiple TX beams transmission in NR, there may be more than one BPL to be monitored. Since PHR is associated with the sum power of all beam pair links, PL changing should be evaluated in the same way which means PL changing should reflect the sum of all beam pair links’ PL changing. 
For instance, if a PHR process includes M TX beams, PLm(t) is the pathloss value evaluated for the transmit power of the mth TX beam at time t, where m is an integer from 1 to M. Assuming the last PHR for the PHR process was sent at time t0, the PL changing at t1 should be estimated as:


If this PL changing is larger than PathlossChange, UE should check other companion conditions such as timers to trigger PHR.
Proposal 3: for multiple TX beams transmission, PHR should reflect the headroom of the sum of all related beam pair links’ individual power, the PHR trigger condition of PL changing should reflect the sum of all related beam pair links’ PL changing.
In LTE, UE needs to calculate PHR when there is no real transmission, also referred as virtual PHR. In NR, things are more complicated due to support of multi-beam, two waveforms.
· For multi-beam,
· Virtual PHR should be supported in NR based on PHR setting. If there are no transmissions on part or all of the TX beams, virtual transmission on these TX beams should be assumed just like LTE.
· Virtual PHR shares the same PHR setting as real PHR.
· For two waveforms, 
· Virtual PHR should be supported based on the waveform of the previous transmission, because UE tends to keep its waveform for a long period. 
Proposal 4: For virtual PHR in NR,
· Virtual PHR shares the same PHR setting as real PHR
· Virtual PHR should be supported in NR based on the waveform of the previous transmission; 
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 can 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 setting for different group of SRS for beam management.
Proposal 5: Beam group based power control for SRS for beam management is supported.
Conclusion
In this contribution, we discuss UL power control for NR. From the above discussion, we have the following proposals:
Proposal 1: At least for PUSCH transmission, UE can have multiple configurations of DL RS for PL measurement, e.g., {SSB, CSI-RS}, {SSB,SSB}, {CSI-RS, CSI-RS}, etc
· The configuration of CSI-RS resource for PL measurement can be independent from that of CSI-RS resource for other usage
· Each configuration of DL RS for PL measurement corresponding to a UL TX beam group
Proposal 2: support the power control framework as follows:
· gNB configures one or more UL transmit parameter settings for a UE. Each ULTxPara setting includes at least one ULTxPara set. 
· Each ULTxPara setting is configured for a channel or signal, or for a specific configuration, such as traffic, etc..
· Each ULTxPara set is associated with one power control loop.
· TX beam (group) indication, P0 UE specific part and PL configuration should be configured per power control loop, e.g. per ULTxPara set.
· Alpha could be configured per power control loop, e.g. per ULTxPara set 
· Upon receiving RRC re-configuration of ULTxPara set, UE needs to reset the relevant f(i).
Proposal 3: for multiple TX beams transmission, PHR should reflect the headroom of the sum of all related beam pair links’ individual power, the PHR trigger condition of PL changing should reflect the sum of all related beam pair links’ PL changing.
Proposal 4: For virtual PHR in NR,
· Virtual PHR shares the same PHR setting as real PHR
· Virtual PHR should be supported in NR based on the waveform of the previous transmission; 
Proposal 5: Beam group based power control for SRS for beam management is supported.

References
[bookmark: _Ref446511358][bookmark: _Ref446506608][bookmark: _Ref446507216][1] Chairman’s note, 3GPP RAN1#90
[2] Chairman’s note, 3GPP RAN1#88bis
[3] Chairman’s note, 3GPP RAN1#89
[4] Chairman's Notes RAN1_NRAH2

oleObject4.bin

oleObject5.bin

image4.wmf
CMAX

P


image5.wmf
PUSCH

M


image6.wmf
TF

D


oleObject6.bin

image7.wmf
þ

ý

ü

î

í

ì

+

D

+

×

+

+

=

)

(

)

(

)

(

)

(

))

(

(

log

10

),

(

min

)

(

TF,c

O_PUSCH,c

PUSCH,c

10

,

CMAX

PUSCH,c

i

f

i

PL

j

j

P

i

M

i

P

i

P

c

c

c

c

a


oleObject7.bin

image8.wmf
å

=

-

=

M

m

m

CMAX

P

P

PH

1


oleObject8.bin

image9.wmf
(

)

å

=

-

M

m

m

m

t

PL

t

PL

1

0

1

)

(

)

(


oleObject1.bin

image1.wmf
o_pusch

P


oleObject2.bin

image2.wmf
a


oleObject3.bin

image3.wmf
(

)

i

f


