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1. Introduction
[bookmark: _GoBack]In RAN1 90bis and the following RAN1 email discussion, following agreements were made on UL power control [1]:
	Agreements:
For N closed-loop power control processes, i.e., fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:
N is up to 2

Agreement:
For closed loop power control process, f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of P_0 and alpha
 
Agreements:
· Support PH calculation for PUSCH transmission
· Calculation for current transmission 
· FFS: Calculation for non-current transmission



Agreements:
Confirm the following working assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH

Agreement
Support the following PUSCH power control in NR:


· For the pathloss measurement RS indication.
· k is indicated by beam indication for PUSCH (if present) 
· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal
· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 
· Value of P_0 is composed by cell specific component and UE specific component
· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE
· j can be configured for the following aspects
· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3
· PUSCH beam indication (if present) for grant-based PUSCH
· FFS: logical channel of PUSCH
· slot sets (if supported)
· Working assumption: for two uplinks of SUL band combination
· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH
· slot sets (if supported)
· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination
· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.
· Capturing the agreement in the NR specification is up to the editor

Agreement:
· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission
Above is supported at least for sub-6GHz. 

Agreement:
· Support one PHR format: PH and Pcmax,c
· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)

Agreement:
· Support closed power control commands by downlink DCI for PUCCH power control and by uplink grant for PUSCH power control
· FFS: SRS
· Support closed power control commands by group common DCI with TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI

Agreement
Support 2 bits TPC command for accumulative power control and absolute power control

Working Assumption:
· Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.




· F is the index of PUCCH formats, e.g., F = 0 for PUCCH format 0, F = 1 for PUCCH format 1, F = 2 for PUCCH format 2, F = 3 for PUCCH format 3
· P0_PUCCH is a parameter composed of the sum of a parameter P0_NOMINAL_PUCCH configured by higher layers and a parameter P0_UE_PUCCH configured by higher layers.
· k is the index of RS resource(s) for pathloss measurement is RRC configured
· Multiple values of k can be configured by RRC signalling 
· FFS: Other approaches not requiring RRC configuration for the determination of k
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· Full path-loss compensation for NR PUCCH power control
· Note: 10*log10(M_PUCCH,c(i)) should be deleted 
· Note: P_0_PUCCH should be revised to P_0_PUCCH(b)
· Note: g(i) should be revised to g(i,l)
· Multiple P_0_PUCCH(b) can be configured by RRC signalling
· Support up to 2 closed-loop power control processes, i.e., l 
· The closed-loop control process is configured by RRC signalling
· Reset trigger by RRC re-configuration of P_0, FFS: beam changing, etc. 
· Only accumulative TPC command
· Support ΔPUCCH_TF,c(i) to reflect at least UCI payload size, UCI type (e.g., SR, HARQ, CSI), different coding gains, PUCCH format, coding schemes and different effective coding rates: 
· FFS: details on ΔPUCCH_TF,c(i)
· Whether ΔPUCCH_TF,c(i) includes MPUCCH,c(i)
· MPUCCH,c(i) is related to the PUCCH BW in slot i, FFS on the details
· FFS: whether ΔPUCCH_TF,c(i) takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.

Update from email approval:
Agreements:
For SRS power control
           [image: cid:WSBAF4Z2BE71@namo.co.kr]
–       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
   h_SRS,c(i) = fc(i,l) where l = 1, 2
   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 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 

Working Assumption:
· For PRACH/PUSCH/PUCCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the maximum pathloss including penetration loss difference between two UL carriers to be compensated is 76 dB.
· 76dB can be revisited in RAN1#91 if there is a technical issue
· Note: This maximum number is based on the assumption that the downlink carrier frequency can be up to 70GHz



In this contribution, we discuss some of the remaining points on UL power control for non-CA case based on the above agreements. Construction of this paper is as follows: Section 2 deals with UE-specific configuration on UL PC processes for NR, section 3 discusses PHR aspects, and section 4 discusses TPC application timing aspects. 
2. Configuration on UL power control process
It has been agreed in NR to support differentiation of beam-specific open and closed loop parameters between different beams for a UE since the required power for UL performance would be different per beam for a UE. 
Especially for accumulative TPC procedures, however, it needs to be further investigated whether PC parameter separation per beam would be superior compared with a common TPC accumulation process regardless of beam changes or switching. The latter means that the TPC accumulation process will not be reset even though a serving beam is changed by a beam management procedure, considering that the already stabilized transmit power level would be desired to remain as much as possible unless such beam changes occur to a different TRP. In this regard, the closed-loop PC index l in the above agreement may have an association to an open-loop parameter index j, but to multiple RS indexes k’s for PL calculation. Summarizing, different PLc(k) depending on an RS index k which may be varying according to the beam change/switch can be associated to the same CLPC index l, so that the beam change/switch does not reset the CLPC l.
Proposal 1.	It should be supported that different PLc(k) depending on an RS index k which may be varying according to the beam change/switch can be associated to the same CLPC index l, so that the beam change/switch does not reset the CLPC l.
In addition, per targeted service requiring higher reliability, e.g., URLLC and eV2X, there can be a configurable additional power offset to be applied on the TPC accumulation process whenever beam change or switching occurs within the same TRP so as to alleviate potential power control mismatch due to the beam change/switching. This additional power offset can be signalled along with the beam change message which can be delivered by MAC CE.
Proposal 2.	For an accumulative CLPC index l, a configurable additional power offset to be applied on the CLPC index l needs to be supported, whenever beam change or switching occurs within the same TRP, depending on a targeted service requiring higher reliability, e.g., URLLC and eV2X.
Considering the agreements regarding codebook based transmission for UL, SRI in UL grant can indicate multiple selection of SRS resources, which can support multi-panel joint transmission in UL. Furthermore, each panel transmission associated with each indicated SRS resource may target different UL reception point in the context of UL-CoMP. To properly support this, NR network should be able to at least calculate accurate MCS per different layer group corresponding to different SRS resource, with also separated power control process per SRS resource. Generally, multiple ULPC processes for a UE need to be supported, and each ULPC process can be associated with at least one SRS resource configured to the UE. For example, configured SRS resources ID#1 and #2 may be associated to the same ULPC process A, while another configured SRS resource ID#3 may be associated to other ULPC process B. ULPC processes A and B may target different reception points, and the SRS resources #1 and #2 which follow the same ULPC process A can be dynamically selected by the agreed SRI indication in UL grant. When SRS resource #1 and #3 are jointly indicated by the SRI field in UL grant, for example, it can be interpreted as layer-group-separated UL multi-panel transmission and also UL-CoMP joint reception operations at the gNB side. This can be supported by indicating/configuring proper linkage of {j,k,l} as captured in the above FFS point, where such a linkage may correspond to an ULPC process index as explained above. In other words, the ULPC process A can be configured with j=0, a set of k’s, and l=0, whereas the ULPC process B can be configured with j=1, another set of k’s and l=1, as an example. Here, “a set of k’s” means a set of DL RS indexes, e.g., a set of CSI-RS resource IDs, each corresponding to one of the k’s by the network configuration.
Proposal 3.	Multiple ULPC processes, each corresponding to one of pre-configured linkages of {j,k,l} in the agreed PC formula, should be supported, and each ULPC process can be associated with at least one SRS resource configured to the UE.
How to configure/indicate such linkages on {j,k,l} can be supported by two different ways. One way is by explicit signalling via DCI, where a separated field in UL grant is used or it is tied to some existing UL grant field such as SRI state. The other way is by implicit association to a serving CORESET DL RS which is similar to LTE where the CRS for PDCCH is used for PL calculation. The latter can also be beneficial especially at least in the initial stage or for a kind of fallback behaviour for robustness in terms of UL PC operations.
Proposal 4.	In addition to the explicit configuration of linkages on {j,k,l}, an implicit configuration option should also be supported at least in the initial stage or as a fallback behaviour for robustness, where it is associated to a serving CORESET DL RS, as in LTE for which the CRS is used for PL calculation.
3. UL power headroom report
In LTE, when a UE is configured with multiple carriers and reports PHR via PUSCH transmitted on a carrier, the UE reports virtual PHR for the carriers where PUSCH transmission is not scheduled as illustrated in figure 1. Since virtual PHR helps eNB’s estimation of the power head room for the carriers without PUSCH scheduling, we suggest virtual PHR is supported in NR as well.
Proposal 5.	When a UE is configured with multiple UL carriers, virtual PHR for PUSCH is supported for a carrier where PUSCH is not scheduled.
[image: ]
Figure 1
In LTE, virtual PHR for PUSCH means PH value which doesn’t consider RB allocation, MPR value and MCS [2]. On the other hand, for NR, there can be two more types of virtual PHR can be considered as follows.
1) Virtual PHR for another waveform than currently scheduled one
In RAN1#90bis meeting, it was agreed as follows that UE can switch its PUSCH waveform between DFT-s-OFDM and CP-OFDM depending on its scheduling DCI, that is, fallback DCI or non-fallback DCI.
	Agreements:
· For UL transmission with grant,
· By UE-specific RRC signaling, a UE can be configured with UL waveform that is different from the one configured by RMSI for Msg3. Once configured;
· When the non-fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by the UE-specific RRC signaling; when the fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by RMSI for the PUSCH transmission.
· If the UE is not configured with UL waveform that is different from the one configured by RMSI for Msg3;
· The UE uses the UL waveform configured by RMSI for the PUSCH transmission.
· FFS: whether the fallback DCI is based on DCI format/size or on search space.
· RMSI informs single waveform to the UE



If a UE’s UL transmission waveform can be dynamically scheduled by gNB, it will be beneficial gNB knows UE’s power back-off status for both waveforms. Therefore, it can be considered to introduce a virtual PHR which indicates UE’s PH value assuming another waveform than currently scheduled one.

Proposal 6.	It is supported that UE reports virtual PHR based on another waveform than currently scheduled one

2) Virtual PHR for another power control parameter set (e.g. {j, k, l}) than currently scheduled one
As agreed in last meeting, UE can be configured with multiple power control parameter sets, that is, multiple sets of {j, k, l} for PUSCH transmission, for the purposes of different beams, service types, etc. Since parameter indices j, k and l are linked to the power offset, path-loss compensation and accumulated TPC respectively, even if gNB is informed of PHR for one of the set, gNB cannot calculate PHR for another set. Therefore, it is beneficial if UE reports PHR for different power control parameter sets than curretly scheduled one.
Proposal 7.	UE can report virtual PHR for different power control parameter sets (e.g., {j, k, l}) than currently scheduled one.
4. TPC command application timing
PUSCH
UL scheduling DCI includes TPC command for PUSCH, where the DCI dynamically indicates DCI to PUSCH timing, k2. Also, DCI identified by TPC-PUSCH-RNTI includes TPC command for PUSCH without any explicit indication of applicable timing of the TPC command.
In case of UL scheduling DCI, TPC command can be simply applicable at the scheduled PUSCH transmission timing, k2.
In case of DCI with TPC-PUSCH-RNTI, the following options can be considered.
Option 1) Fixed timing (e.g., considering UE’s capability on k2)
Option 2) Configured minimum k2 value
PUCCH
DL scheduling DCI includes TPC command for PUCCH, where the DCI dynamically indicates DCI to PDSCH timing k0 and PDSCH to HARQ-ACK timing k1. Also, DCI identified by TPC-PUCCH-RNTI includes TPC command for PUCCH without any explicit indication of applicable timing of the TPC command.
In case of DL scheduling DCI, TPC command can be simply applicable at the scheduled PUCCH transmission timing, k1.
In case of DCI with TPC-PUCCH-RNTI, the following options can be considered.
Option 1) Fixed timing (e.g., considering UE’s capability on k2)
Option 2) Configured minimum k2 value
SRS
Also, DCI identified by TPC-SRS-RNTI includes TPC command for SRS without any explicit indication of applicable timing of the TPC command.
In this case, the following options can be considered.
Option 1) Fixed timing (e.g., considering UE’s capability on k2)
Option 2) Configured minimum k2 value

Proposal 8.	Timing of UL TPC command application follows the timing below.
· TPC command conveyed by UL scheduling DCI applies at the scheduled PUSCH transmission timing, k2.
· TPC command conveyed by DL scheduling DCI applies at the scheduled PUCCH transmission timing, k1.
· TPC command conveyed by DCI with TPC-PUSCH-RNTI or TPC-PUCCH-RNTI or TPC-SRS-RNTI applies N slots after the DCI reception, where N is defined as:.
Option 1) fixed timing (e.g., considering UE’s capability on k2)
Option 2) minimum k2 value configured for UL grant

5. Conclusion
In this contribution, we discussed several consideration points on UL power control for NR non-CA case. The proposals of this paper can be summarized as below.
Proposal 1.	It should be supported that different PLc(k) depending on an RS index k which may be varying according to the beam change/switch can be associated to the same CLPC index l, so that the beam change/switch does not reset the CLPC l.
Proposal 2.	For an accumulative CLPC index l, a configurable additional power offset to be applied on the CLPC index l needs to be supported, whenever beam change or switching occurs within the same TRP, depending on a targeted service requiring higher reliability, e.g., URLLC and eV2X.
Proposal 3.	Multiple ULPC processes, each corresponding to one of pre-configured linkages of {j,k,l} in the agreed PC formula, should be supported, and each ULPC process can be associated with at least one SRS resource configured to the UE.
Proposal 4.	In addition to the explicit configuration of linkages on {j,k,l}, an implicit configuration option should also be supported at least in the initial stage or as a fallback behaviour for robustness, where it is associated to a serving CORESET DL RS, as in LTE for which the CRS is used for PL calculation.
Proposal 5.	When a UE is configured with multiple UL carriers, virtual PHR for PUSCH is supported for a carrier where PUSCH is not scheduled.
Proposal 6.	It is supported that UE reports virtual PHR based on another waveform than currently scheduled one
Proposal 7.	UE can report virtual PHR for different power control parameter sets (e.g., {j, k, l}) than currently scheduled one.
Proposal 8.	Timing of UL TPC command application follows the timing below.
· TPC command conveyed by UL scheduling DCI applies at the scheduled PUSCH transmission timing, k2.
· TPC command conveyed by DL scheduling DCI applies at the scheduled PUCCH transmission timing, k1.
· TPC command conveyed by DCI with TPC-PUSCH-RNTI or TPC-PUCCH-RNTI or TPC-SRS-RNTI applies N slots after the DCI reception, where N is defined as:.
Option 1) fixed timing (e.g., considering UE’s capability on k2)
Option 2) minimum k2 value configured for UL grant

6. Reference
[1] RAN1 Chairman’s Notes, 3GPP RAN1#90bis
[2] 3GPP TS 36.213

oleObject1.bin

image2.wmf
CMAX,

PUSCH,

10PUSCH,0,,

(),

()min

10log(())()()()()(,)

c

c

ccccTFcc

Pi

Pi

MiPjjPLkifil

a

ìü

ïï

=

íý

++×+D+

ïï

îþ


oleObject2.bin

image3.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

CMAX,c

PUCCH

0_PUCCH10PUCCH,cF_PUCCHPUCCH_TF,c

(),

min[dBm]

10log

c

Pi

Pi

PPLkMiFigi

ìü

ïï

=

íý

+++D+D+

ïï

îþ


oleObject3.bin

image4.png
Pops (D) = {Perraxe (D), Po_spsc + 1010g10(Msgsc) + asps.c * PLe(k1) + hsps,o (D)}




image5.emf
Pcell

Scell

PHR for Pcell

+

virtual PHR for Scell

PUSCH

subframe


image1.wmf
{

}

)

,

(

)

(

)

(

)

(

)

(

))

(

(

log

10

)

(

,

0,

PUSCH,

10

cmax,

l

i

f

i

k

PL

j

j

P

i

M

i

P

PH

c

c

TF

c

c

c

c

c

c

+

D

+

×

+

+

-

=

a


