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1 Introduction

This contribution discusses remaining issues on NR UL power control including PUCCH, SRS and PUSCH power control frameworks.

2 NR PUCCH power control framework

In RAN1 #90bis, the following were agreed as working assumption [1]:

	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.
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· 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.




This section discusses the remaining issues on PUCCH power control.

Details on ΔPUCCH_TF,c(i)
One of the most important issue on PUCCH power control is how to define ΔPUCCH_TF,c(i). As show in Table 1, NR supports 5 different PUCCH formats and each PUCCH format has its own characteristics different from other PUCCH formats such as amount of resources, encoding schemes (e.g., sequence selection, sequence modulation, coded modulation) and so on. Also, in a given PUCCH format, different target SINR can be achieved depending on UCI type, UCI payload size, coding scheme and so on. So, ΔPUCCH_TF,c(i) should be able to reflect all these aspects.

Table 1: NR PUCCH formats

	Formats
	0
	1
	2
	3
	4

	# of symbols
	1 – 2
	4 – 14
	1 – 2
	4 – 14
	4 – 14

	# of PRBs
	1
	1
	Configurable
	Configurable
	1

	Encoding scheme
	Sequence selection
	Sequence modulation
	Coded modulation
	Coded modulation
	Coded modulation

	Freq. Hopping

(Enable/disable)
	Only for 

2-symbol
	Yes
	Only for 

2-symbol
	Yes
	Yes

	Waveform
	CP-OFDM
	DFT-S-OFDM
	CP-OFDM
	DFT-S-OFDM
	DFT-S-OFDM

(Pre-DFT OCC)

	# of UCI bits
	1 – 2 bits

with/without SR
	1 – 2 bits with/without SR
	1 – X bits*
with/without SR
	1 – Y1 bits*
with/without SR
	1 – Y2 bits*
with/without SR


*: X, Y1 and Y2 bits are not decided yet
Based on thorough evaluations as shown in Appendix, the following Table 2 can be obtained. For PUCCH format 0/1, 1-bit HARQ-ACK only transmission normally has different link performance from single SR transmission. For example, SR only transmission or 1-bit HARQ-ACK only transmission in NR PUCCH format 1 is similar to LTE PUCCH format 1/1a/1b. LTE supports different transmission power setting between PUCCH format 1 and 1a. As to PUCCH format 0, the number of sequences allocated for 1-bit HARQ-ACK transmission and single SR transmission is 2 and 1 respectively, which causes different link performance. Also, for SR only transmission, it would be possible that gNB configures K SR resources in a time instance (K ≥ 1) and UE can transmit SR on any of the K SR resources based on the current service status, e.g., URLLC/eMBB. In such a case, gNB has to blind detect K SR resources to check not only whether or not SR is transmitted but also to check which SR resource is used for SR transmission. These events are equivalent for gNB to detect floor(log2(K + 1)) bits and it is evident in this case that SR only transmission has worse link performance than 1-bit HARQ-ACK only transmission. Current evaluation does not take into account this aspect and further evaluation to capture it will be performed later.
Table 2: Required SINR for PUCCH format 0 and PUCCH format 2

	Formats
	UCI Types
	# of symbols
	Error req.
	Req. SINR [dB]
	Difference [dB]

	0
	SR only
	1 symbol
	PMISS = 10-3
	TBD
	TBD

	
	
	2 symbol w/o FH
	
	TBD
	TBD

	
	
	2 symbol w/ FH
	
	TBD
	TBD

	
	1-bit HARQ-ACK
	1 symbol
	PMISS = 10-3
	6.5
	Reference

	
	
	2 symbol w/o FH
	
	4.4
	-2.1

	
	
	2 symbol w/ FH
	
	0.2
	-6.3

	
	1-bit HARQ-ACK + SR

(or 2-bit HARQ-ACK)
	1 symbol
	PMISS = 10-3
	8.0
	1.5

	
	
	2 symbol w/o FH
	
	5.7
	-0.8

	
	
	2 symbol w/ FH
	
	0.6
	-5.9

	
	2-bit HARQ-ACK + SR
	1 symbol
	PMISS = 10-3
	9.5
	3

	
	
	2 symbol w/o FH
	
	7.6
	0.9

	
	
	2 symbol w/ FH
	
	2.2
	-4.3

	1
	1-bit HARQ-ACK
	N symbols w/o FH
	PBLER = 10-3
	-0.5 + 10log10(14/N)
	-7.0 + 10log10(14/N)

	
	
	N symbols w/ FH
	
	-4.0 + 10log10(14/N)
	-10.5 + 10log10(14/N)

	
	2-bit HARQ-ACK
	N symbols w/o FH
	PBLER = 10-3
	3.0 + 10log10(14/N)
	-3.5 + 10log10(14/N)

	
	
	N symbols w/ FH
	
	-0.5 + 10log10(14/N)
	-7.0 + 10log10(14/N)

	2
	CSI (n bits)
	1 symbol
	PBLER = 10-3
	nCSI/2 + 9.7 – 14log10(M)
	nCSI/2 + 3.2 – 14log10(M)

	
	
	2 symbol w/o FH
	PBLER = 10-3
	nCSI/2 + 6.5 – 13log10(M)
	nCSI/2 – 13log10(M)

	
	
	2 symbol w/ FH
	PBLER = 10-3
	nCSI/2 + 2 – 10log10(M)
	nCSI/2 – 4.5 – 10log10(M)

	3
	CSI (n bits)
	N symbols w/o FH
	PBLER = 10-3
	α *nCSI + β + 10log10(14/N) – 10log10(M)

	
	
	N symbols w/ FH
	
	


It is assumed that PUCCH format 0 with 1 symbol is a reference to determine
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 and 1-bit HARQ-ACK transmission with 1 symbol PUCCH format 0 is a reference to determine
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. So, from Table 2, 
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is given by 
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 is given by the following:
For PUCCH format 0,

· For the case of SR only transmission on K configured SR resources (K ≥ 1), exact 
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· For 1-symbol, 
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· For 2-symbol without frequency hopping (FH), 
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· For 2-symbol with FH, 
[image: image21.wmf](

)

PUCCH_TF,c

i

D

= -6.3 dB if 
[image: image22.wmf]HARQ

n

 = 1, 
[image: image23.wmf](

)

PUCCH_TF,c

i

D

= -5.9 dB if 
[image: image24.wmf]HARQSR

nn

+

= 2, and 
[image: image25.wmf](

)

PUCCH_TF,c

i

D

= -4.3 dB if 
[image: image26.wmf]HARQSR

nn

+

= 3
For PUCCH format 1,

· For N-symbol without FH, 
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 = - 7.0 + 10log10(14/N) dB if 
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· For N-symbol with FH, 
[image: image31.wmf](

)

PUCCH_TF,c

i

D

 = – 3.5 + 10log10(14/N) dB if 
[image: image32.wmf]HARQSR

nn

+

 = 1 and 
[image: image33.wmf](

)

PUCCH_TF,c

i

D

 = – 7.0 + 10log10(14/N) dB if 
[image: image34.wmf]HARQSR

nn

+

= 2
For PUCCH format 2,

· For 1-symbol, 
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 = nUCI/2 – 14log10(M) dB where 
[image: image36.wmf]UCI

n

is the number of UCI bits transmitted on PUCCH format 2 and M is the number of PRBs allocated for PUCCH format 2
· For 2-symbol without FH, 
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 = nUCI/2 – 3.2 – 13log10(M) dB 
· For 2-symbol with FH, 
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 = nUCI/2 – 7.7 – 10log10(M) dB 
For PUCCH format 3,
· For N-symbol, 
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 = α *nCSI + β + 10log10(14/N) – 10log10(M) dB where α and β are coefficients adjusting different coding gain and channel estimation performance due to the cases with/without FH and different number of DMRS symbols
Proposal 1: At least for the case that UCI payload size is less than or equal to 11 bits, NR adopts the following values for ΔF_PUCCH(F) and ΔPUCCH_TF,c(i) in Table 3:
Table 3: Candidate values for ΔF_PUCCH(F) and ΔPUCCH_TF,c(i)
	
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	PUCCH format 0
	0
	For SR only transmission on K configured SR resources, TBD

For 1-symbol,0 if nHARQ = 1, 1.5 if nHARQ + nSR = 2, and 3 if nHARQ + nSR = 3

For 2-symbol without FH, -2.1 if nHARQ = 1, -0.8 if nHARQ + nSR = 2, and 0.9 if nHARQ + nSR = 3

For 2-symbol with FH, -6.3 if nHARQ = 1, -5.9 if nHARQ + nSR = 2, and -4.3 if nHARQ + nSR = 3

	PUCCH format 1
	-7.0
	For N-symbol without FH,0 + 10log10(14/N) if nHARQ = 1, 3.5 + 10log10(14/N) if nHARQ = 2
For N-symbol with FH, -3.5 + 10log10(14/N) if nHARQ = 1, 0.5 + 10log10(14/N) if nHARQ = 2

	PUCCH format 2
	3.2
	For 1-symbol, nUCI /2 – 14log10(M) for 1-symbol

For 2-symbol without FH, nUCI /2 – 3.2 – 13log10(M)

For 2-symbol with FH, nUCI /2 – 7.7 – 10log10(M) 

	PUCCH format 3
	0
	For N-symbol, M-RBs, 
α *nCSI + β + 10log10(14/N) – 10log10(M)

	PUCCH format 4
	TBD
	TBD


Different waveforms can achieve different performance and it is naturally reflected into 
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 because waveform used for PUCCH transmission is directly linked with PUCCH format, i.e., CP-OFDM for PUCCH formats 0/2, and DFT-s-OFDM for PUCCH formats 1/3/4. So, further consideration to capture received SNR target difference between DFT-s-OFDM and CP-OFDM is not needed.

Observation 1: The target received SNR difference between DFT-s-OFDM and CP-OFDM is reflected into ΔF_PUCCH(F) and/or ΔPUCCH_TF,c(i).
Proposal 2: Further consideration to capture the target received SNR difference between DFT-s-OFDM and CP-OFDM is not needed.
When to reset gc(i,l) for accumulative TPC
Another issue on PUCCH power control is a UE’s behavior when the UE resets accumulation. It was agreed that a UE shall reset accumulation at least for the case that P0 is reconfigured, i.e., P0 value is changed by higher layers. However, it is not clear yet whether P0 described in the agreement means PO_UE_PUCCH,c, P0_NOMINAL_PUCCH, or both. So, it needs to be clarified further and we think that P0 in the agreement means PO_UE_PUCCH,c. 

On top of this condition, NR needs to discuss whether or not accumulation has to be reset for different numerologies/services, different beam-pairs/TRP(s) (or beam-pair groups), different waveforms and any combination of them. In a hybrid beamforming system, different beam-pairs (or different beam-pair groups) can experience different channel characteristics and the event that a serving beam-pair is changed can be seen as one that a serving sector (or a serving cell) is changed. So, accumulation has to be reset when a beam-pair used for PUCCH transmission is changed. However, sometimes it will be beneficial to keep the accumulation even if the serving beam is changed because the characteristics of the changed beam are not much different from previous beam such as for example for collocated TRPs. So, a gNB can indicate or configure whether or not a UE resets the accumulative TPC command when beam(s)/TRP(s) change. Also, there is no apparent reason for resetting accumulation for different numerologies and different waveforms.
Proposal 3: For accumulative TPC for NR PUCCH, a UE shall reset accumulation for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.
· For serving cell c, when a first beam-pair/TRP (QCL) used for PUCCH transmission is changed to a second QCL and gNB configures resetting the accumulation for the two QCLs.
3 NR SRS power control framework

From email discussion in RAN1 #90bis, the following were agreed [2]:

	Agreements:

For SRS power control
PSRS,c(i) = min{PCMAX,c(i),   P0_SRS,c + 10log10(MSRS,c) + αSRS,c∙PLc(k1) + hSRS,c(i)}
· 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
· 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 can 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 



This section discusses the remaining issues on SRS power control.

Whether or not to introduce PSRS_OFFSET,c
It was argued that 
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should be included in the SRS power control formula especially for the case that SRS power control is tied with corresponding PUSCH power control. SRS power control can work without
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 if SRS power control is linked to PUSCH power control. So, 
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 and there is no need to have duplicated parameter in the equation.
Proposal 4: PSRS_OFFSET,c is not introduced in the unified SRS power control formula and P0_SRS,c is composed of the sum of P0_NOMINAL_SRS,c and P0_UE_SRS,c.
How to indicate whether or not SRS power control is tied with corresponding PUSCH power control
The purpose of this indication is to help that UE decides whether or not power control parameters configured for PUSCH can be reused for SRS power control. So, if there is an explicit RRC signaling to indicate it, RRC signaling overhead may be reduced when SRS power control is tied with PUSCH power control, because gNB may not need to configure some of parameters for SRS power control. However, there will be a case that different values have to be configured for SRS and PUSCH respectively even if there is a linkage between SRS and PUSCH power control, e.g., SRS transmission power needs to be higher or lower than PUSCH transmission power. Also, it is possible that gNB configures same values of parameters for SRS power control as ones for PUSCH power control. So, implicit RRC configuration by gNB implementation (Alt.2) is sufficient.
On the other hand, it was agreed for PUSCH power control that a linkage between k, index of DL RS resource(s) for PL measurement and PUSCH beam indication (if PUSCH beam indication is present) is RRC configured. When the same beam is used for the SRS and PUSCH transmission, it is expected that the same power control parameters are applied for SRS and PUSCH. In such a case, the linkage between SRS and PUSCH power control can be indicated via RRC signaling. So, the indication of the linkage via L1 signaling, e.g., SRI in DCI seems not be necessary.
Proposal 5: Implicit RRC configuration is used for indicating whether or not SRS power control is tied with PUSCH power control and additional L1 signaling to indicate it is not supported. 
Whether parameters are configured per SRS resource set or per SRS resource
It was argued that parameters for SRS power control should be configured per SRS resource rather than per SRS resource set in order to allow different transmission power for each SRS resource within a SRS resource set or across multiple SRS resource sets. It may be beneficial for DL CSI acquisition, tracking and update by using multiple SRS transmission. For example, if gNB configures four SRS resources within a slot and each SRS resource is associated with different beam, gNB can acquire multiple CSIs at once. However, it is not clear at this point whether this operation can be achieved by single DCI transmission including multiple SRIs to indicate beam index for each SRS transmission or by multiple DCI transmission in case that a DCI includes single SRI only. So, it should be discussed first in SRS discussion or beam management discussion. By the way, it is still possible that SRS power control parameters are configured based on SRS resource set and each SRS resource set has a single SRS resource.
Proposal 6: SRS power control parameters are configured per SRS resource set. 
Discussion on hSRS,c(i) 

It was argued that no closed-loop is needed for SRS power control in case that SRS power control is not tied with PUSCH power control, i.e., hSRS,c(i) = 0. However, without closed-loop process, it is not possible for gNB to correct or change UE’s transmission power on time. Moreover, hSRS,c(i) = 0 can be achieved by such a way that gNB can command reset for accumulative TPC or gNB can indicate δSRS,c = 0 for absolute TPC. So, we propose to have closed-loop power control process even in case that there is no linkage between SRS and PUSCH power control. 
For PUSCH power control, it was already agreed to support up to 2 closed-loop power control processes and 2 bits TPC command for accumulative and absolute power control. So, it is evident that SRS power control has to support both accumulative TPC and absolute TPC in case that SRS power control is tied with PUSCH power control. Also, in this case, there is no strong motivation to introduce additional closed-loop power control processes at the cost of DCI overheads. On the other hand, it was already agreed to support closed power control commands by group common DCI with TPC-SRS-RNTI, which means that separate closed-loop power control process is configured in case that SRS power control is not tied with PUSCH power control. In such a case, it would be beneficial to support both accumulative TPC and absolute TPC because different TPC commands can be applied for different scenarios and gNB can take the benefit. 
Proposal 7: For SRS closed-loop power control process, i.e., hSRS,c(i),

· When SRS power control is not tied with PUSCH power control, separate closed-loop power control process is configured by RRC.

· When SRS power control is tied with PUSCH power control, no additional closed-loop power control process is introduced

· Both accumulative TPC and absolute TPC are supported regardless of the linkage between SRS and PUSCH power control
Discussion on PL estimation 

It should be further discussed whether k1 indicates single DL RS resource or multiple DL RS resources. Using multiple DL RS resources make system more complicated without any justification on this. For example, in order to support it, there should be a relationship between PL measurement by SSB and PL measurement by CSI-RS such as how to average them, e.g., linear averaging, weighted averaging and so on. However, RSRP values measured by different DL RSs can be different because of different beam width and/or different beam gain can be applied for each DL RS transmission. So, averaged RSRP values will be smaller than RSRP value measured by either SSB or CSI-RS resulting in larger pathloss. In such a case, UE will more increase SRS transmission power than the UE actually needs and it causes more interference to other cells. So, k1 should indicate single DL RS resource and each SRS resource set is associated with single DL RS for PL estimation. Similar to PUSCH power control, k1 is indicated by beam indication for SRS if present.
For beam-specific power control, UE has to measure multiple PLs for different beams/beam-pairs/beam-groups. Considering UE’s power consumption, maximum number of PL estimates to be maintained by UE (i.e., X2) should be limited and it will be dependent on the number of beams/beam-pairs/beam-groups to be managed by UE for beam management. This discussion is still ongoing and X2 should be determined based on that discussion.
A SRS resource set with multiple SRS resources can span multiple slots. In this case, RSRP value calculated in previous slot may be different from one calculated in current slot due to higher layer filtered RSRP, which results in changing SRS TX power for beam management within the configured SRS resource set. So, it was argued that a strict constraint is needed such as PL estimation associated with k1 should be kept unchanged per the configured SRS resource set. However, it has not been identified whether it really happens or not and if it happens, how much impact on UL power control will be. In LTE, L1 averages the sample for 200 ms by default (a sample rate) and moving average window is applied. Here, the size of the moving average window is up to the UE implementation. Moreover, in NR mmWave, the rate of beam change is expected to be frequent and the sample rate needs to be shorter than 200 ms. In this case, change of the RSRP value filtered at higher layer does not much impact to PL estimation.
Proposal 8: For PL estimation for SRS power control,

· k1 indicates single DL RS resource for PL measurement.
· Each resource set is associated with only one DL reference signal for PL measurement, e.g., X1 = 1.
· X2, maximum number of PL estimates to be maintained by UE is determined based on the number of beams/beam-pairs/beam-groups to be managed by UE.
· No additional restriction is needed to keep same TX power for SRS resource(s)

Discussion on MSRS,c(j) 

This aspect will be discussed in Section 4 because same definition is applied for SRS and PUSCH power control.
4 Remaining issues on the NR PUSCH power control
In RAN1 #90bis, a PUSCH power control formula was agreed but there were several FFS issues that even included the definition of its parameters. This section discusses the remaining issues.
Definition of MPUSCH,c(i)
In LTE, 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for slot i on serving cell c. It was argued that the definition of
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needs to be changed in NR because different waveforms have different DMRS patterns (e.g., for DFT-S-OFDM, DMRS and UCI are TDMed but for CP-OFDM, DMRS and UCI may be FDMed) and PSD within a PRB can be different for each waveform. A respective proposal then was to express
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as number of resource elements rather than number of resource blocks. However, the PSD difference between waveforms can be adjusted by other parameters such as 
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. Moreover, commonality for UCI mapping between DFT-S-OFDM and CP-OFDM was agreed meaning that DMRS and UCI are TDMed regardless of the waveform. Further, different PSD within an OFDM symbol and across OFDM symbols is generally not preferable especially for QAM modulation but also for QPSK.
Also, it was argued that since using different subcarrier spacing (SCS) values can cause different PSDs within a PRB, 
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needs to be scaled depending on SCS. However, it was already agreed to support multiple P0 values and different P0 values can adjust different PSDs. Also, it is noted that the slot duration can depend on the numerology but the QoS may not (e.g. for eMBB with either 15 KHz SCS or 30 KHz SCS) and a setting for the target received power can depend on the numerology.
Proposal 9: Regardless of waveform and subcarrier spacing, NR defines MPUSCH,c(i) as the bandwidth of the PUSCH resource assignment expressed in number of resource blocks.
L1 RSRP filtering for PLc,q measurement
It should be discussed further whether k indicates single DL RS resource or multiple DL RS resources for PL measurement for PUSCH power control. As mentioned in SRS power control of Section 3, there is no strong motivation to use multiple DL RS resources. Another remaining issue is whether or not L1 RSRP based pathloss measurement is supported in addition to L3 RSRP. In LTE, 200 ms is used for averaging L1 samples by default but in NR, the window size needs to be configured because mmWave band and sub-6 GHz band have different channel characteristics. Also, considering short slot duration and the rate of beam change in mmWave band, the window size should be much smaller than LTE. So, L3 RSRP based pathloss measurement is sufficient and L1 RSRP based pathloss measurement is not supported.
Proposal 10: For pathloss estimation, NR does not support L1 RSRP filtering and L3 RSRP filtering is sufficient.

Discussion on KPUSCH 
In LTE, 
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 is calculated as the following:

· For accumulative TPC command,  fc(i) = fc(i – 1) + δPUSCH,c(i – KPUSCH)

· For absolute TPC command,  fc(i) = δPUSCH,c(i – KPUSCH) 
δPUSCH,c(i – KPUSCH) is signaled on PDCCH with DCI on subframe i – KPUSCH and the value of KPUSCH is fixed, e.g., for FDD KPUSCH = 4 and for TDD, KPUSCH is per-defined in the specification depending on DL/UL configurations. 

On the other hand, NR supports variable TTI length, e.g., a slot or variable number of symbols which can have same numerology or different numerologies. Also, NR supports a dynamic TDD slot structure including a.k.a. a self-contained slot structure. So, different from LTE, KPUSCH needs to be signaled by gNB depending on the slot structure that the gNB intends to operate or be implicitly derived based on the timing of an associated transmission from the UE (PUSCH/SRS for TPC commands in UL DCI, PUCCH for TPC commands in DL DCI). Also, KPUSCH for group-common power control as LTE DCI format 3/3A should be supported for periodic/SPS transmissions (e.g., for CSI, SR, SRS). Finally, the PUSCH power control should be defined for Type 1 and Type 2 grant-free transmissions.
Proposal 11: KPUSCH is either signaled (by FFS DCI, RRC, or a combination) or implicitly derived by the timing of a transmission scheduled by the DCI that includes the TPC command.
Proposal 12: Define extensions of the PUSCH power control formula to Type 1 and Type 2 grant-free transmissions.
When to reset fc(i,k) for accumulative TPC 
Another issue on PUSCH power control is a UE’s behavior when the UE resets accumulation. Similar to PUCCH power control, a UE shall reset accumulation at least for the case that P0_UE_PUCCH,c is reconfigured, i.e., P0_UE_PUCCH,c value is changed by higher layers. On top of this UE’s behavior, NR needs to discuss whether or not accumulation has to be reset for different numerologies/services, different beam-pairs/TRP(s) (or beam-pair groups), different waveforms and any combination of them. In a hybrid beamforming system, different beam-pairs (or different beam-pair groups) can experience different channel characteristics and the event that a serving beam-pair is changed can be seen as one that a serving sector (or a serving cell) is changed. So, accumulation has to be reset when a beam-pair used for PUSCH transmission is changed. However, sometimes it will be beneficial to keep the accumulation even if the serving beam is changed because the characteristics of the changed beam are not much different from previous beam such as for example for collocated TRPs. So, a gNB can indicate or configure whether or not a UE resets the accumulative TPC command when beam(s)/TRP(s) change. Also, there is no apparent reason for resetting accumulation for different numerologies and different waveforms.
Proposal 13: For accumulative TPC for NR PUSCH, a UE shall reset accumulation for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c(j) value and/or αc(j) value is changed by higher layers.
· For serving cell c, when a first beam-pair/TRP (QCL) used for PUSCH transmission is changed to a second QCL and gNB configures resetting the accumulation for the two QCLs.
· When the UE receives random access response message for serving cell c.
5 Conclusion
In this contribution, we have discussed remaining issues on NR UL power control framework for PUCCH, SRS, and PUSCH and the following were proposed:
Proposal 1: At least for the case that UCI payload size is less than or equal to 11 bits, NR adopts the following values for ΔF_PUCCH(F) and ΔPUCCH_TF,c(i) in Table 3:
Table 3: Candidate values for ΔF_PUCCH(F) and ΔPUCCH_TF,c(i)
	
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	PUCCH format 0
	0
	For SR only transmission on K configured SR resources, TBD

For 1-symbol,0 if nHARQ = 1, 1.5 if nHARQ + nSR = 2, and 3 if nHARQ + nSR = 3

For 2-symbol without FH, -2.1 if nHARQ = 1, -0.8 if nHARQ + nSR = 2, and 0.9 if nHARQ + nSR = 3

For 2-symbol with FH, -6.3 if nHARQ = 1, -5.9 if nHARQ + nSR = 2, and -4.3 if nHARQ + nSR = 3

	PUCCH format 1
	-7.0
	For N-symbol without FH,0 + 10log10(14/N) if nHARQ = 1, 3.5 + 10log10(14/N) if nHARQ = 2
For N-symbol with FH, -3.5 + 10log10(14/N) if nHARQ = 1, 0.5 + 10log10(14/N) if nHARQ = 2

	PUCCH format 2
	3.2
	For 1-symbol, nUCI /2 – 14log10(M) for 1-symbol

For 2-symbol without FH, nUCI /2 – 3.2 – 13log10(M)

For 2-symbol with FH, nUCI /2 – 7.7 – 10log10(M) 

	PUCCH format 3
	0
	For N-symbol, M-RBs, 
α *nCSI + β + 10log10(14/N) – 10log10(M)

	PUCCH format 4
	TBD
	TBD


Proposal 2: Further consideration to capture the target received SNR difference between DFT-s-OFDM and CP-OFDM is not needed.

Proposal 3: For accumulative TPC for NR PUCCH, a UE shall reset accumulation for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.
· For serving cell c, when a first beam-pair/TRP (QCL) used for PUCCH transmission is changed to a second QCL and gNB configures resetting the accumulation for the two QCLs.
Proposal 4: PSRS_OFFSET,c is not introduced in the unified SRS power control formula and P0_SRS,c is composed of the sum of P0_NOMINAL_SRS,c and P0_UE_SRS,c.
Proposal 5: Implicit RRC configuration is used for indicating whether or not SRS power control is tied with PUSCH power control and additional L1 signaling to indicate it is not supported. 
Proposal 6: SRS power control parameters are configured per SRS resource set. 
Proposal 7: For SRS closed-loop power control process, i.e., hSRS,c(i),

· When SRS power control is not tied with PUSCH power control, separate closed-loop power control process is configured by RRC.

· When SRS power control is tied with PUSCH power control, no additional closed-loop power control process is introduced

· Both accumulative TPC and absolute TPC are supported regardless of the linkage between SRS and PUSCH power control
Proposal 8: For PL estimation for SRS power control,

· k1 indicates single DL RS resource for PL measurement.

· Each resource set is associated with only one DL reference signal for PL measurement, e.g., X1 = 1.

· X2, maximum number of PL estimates to be maintained by UE is determined based on the number of beams/beam-pairs/beam-groups to be managed by UE.

· No additional restriction is needed to keep same TX power for SRS resource(s)

Proposal 9: Regardless of waveform and subcarrier spacing, NR defines MPUSCH,c(i) as the bandwidth of the PUSCH resource assignment expressed in number of resource blocks.

Proposal 10: For pathloss estimation, NR does not support L1 RSRP filtering and L3 RSRP filtering is sufficient.

Proposal 11: KPUSCH is either signaled (by FFS DCI, RRC, or a combination) or implicitly derived by the timing of a transmission scheduled by the DCI that includes the TPC command.
Proposal 12: Define extensions of the PUSCH power control formula to Type 1 and Type 2 grant-free transmissions.
Proposal 13: For accumulative TPC for NR PUSCH, a UE shall reset accumulation for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c(j) value and/or αc(j) value is changed by higher layers.
· For serving cell c, when a first beam-pair/TRP (QCL) used for PUSCH transmission is changed to a second QCL and gNB configures resetting the accumulation for the two QCLs.

· When the UE receives random access response message for serving cell c.
6 References

[1] RAN1 Chairman’s note, 3GPP TSG RAN WG1 #90bis, October 2017.

[2] Email discussion on SRS power control framework [RAN1-NR-40], October 2017.
Appendix

This section provides performance evaluation of PUCCH to determine 
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for PUCCH power control. All evaluations are performed over TDL-C channel model with 300 ns RMS delay spread and simulation parameters are shown in the end of the Appendix.
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Figure 1: BLER performance of PUCCH format 0
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Figure 2: BLER performance of PUCCH format 2 assuming 2 PRBs
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Figure 3: Required SINR vs. the number of UCI bits for PUCCH format 2
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Figure 4: Required SINR vs. the number of UCI bits for PUCCH format 3 assuming 1 PRB
Table 4: Evaluation parameters

	Parameter
	Value

	PUCCH resources
	1 RB for PUCCH formats 0/1 

1, 2, 4, 8 RBs for PUCCH format 2/3

	UCI payload size
	1 – 11 bits

	Channel coding
	Reed Müller (32, O)

	Channel estimation
	MMSE for Option 1a and Option 1b

	FFT size
	2048

	CP length
	144∙TS 

	Antenna Configuration
	1 Tx – 2 Rx (MRC)

	Channel model
	TDL-C with 300 ns RMS delay spread
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