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1 Introduction

The following have been agreed:

	RAN1#90bis [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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· …
· 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.
RAN1#91 [2]
Conclusion:

Delta_PUCCH details are finalized maintenance phase.
RAN1#AH1801 [3]

Agreement:
The delta function ΔTF,f,c(i) for PUCCH formats 0 and 1 is as follows,

· ΔTF,f,c(i) = 10 log10( [image: image3.png]Yref
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),   where 
· Nsymb is the number of symbols transmitted

· Nref (the reference number of symbols configured for the PUCCH format) is set to 

· 2 for PUCCH format 0

· 14 for PUCCH format 1




This contribution discusses how to define ΔF_PUCCH(F) and ΔPUCCH_TF,c(i) for NR PUCCH power control.

2 ΔPUCCH_TF,c(i)
NR PUCCH formats
As show in Table 1, NR supports 5 different PUCCH formats and each PUCCH format has its own characteristics 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 required depending on UCI type, UCI payload size, coding scheme and so on. So, ΔF_PUCCH(F) and 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.
Required SINR for different NR PUCCH formats
Based on evaluations shown in the Appendix, ΔPUCCH_TF,c(i) should depend on the UCI payload size. This is because for small UCI payload sizes, ΔPUCCH_TF,c(i) is a linear function as the SINR increases roughly linearly with the increase in the payload as the coding gains are small and can be captured by linear fitting. For large UCI payload sizes, ΔPUCCH_TF,c(i) is a non-linear function (i.e., logarithmic function) and the coding gains track the Shannon capacity curve. These are observations that hold from LTE as there is nothing fundamentally different in NR. 

From the evaluation results in the Appendix, Table 2 can be obtained. For PUCCH format 0/1, 1-bit HARQ-ACK only transmission (based on BPSK for PUCCH format 1) has different/better link performance from single SR transmission (based on OOK). It is noted that LTE accounts for this difference by supporting different transmission power setting between PUCCH format 1 and 1a. For 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, the gNB may configure K SR resources in a time instance (K ≥ 1) and the UE can transmit SR on any of the K SR resources based on the requested service, e.g., URLLC/eMBB. In such a case, the gNB has to blindly 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 and, of course, 1-bit SR transmission. Current evaluation does not take into account this aspect and further evaluation is needed to capture it.
Table 2: Required SINR for different PUCCH formats
	Formats
	UCI Types
	# of symbols
	Error req.
	Req. SINR [dB]

	0
	SR only
	1 symbol
	TBD
	TBD

	
	
	2 symbol w/o FH
	
	TBD

	
	
	2 symbol w/ FH
	
	TBD

	
	1-bit HARQ-ACK
	1 symbol
	PBLER = 10-2
	1.2

	
	
	2 symbol w/o FH
	
	– 0.8

	
	
	2 symbol w/ FH
	
	– 2.9

	
	1-bit HARQ-ACK + SR

or 2-bit HARQ-ACK
	1 symbol
	PBLER = 10-2
	1.8

	
	
	2 symbol w/o FH
	
	0.9

	
	
	2 symbol w/ FH
	
	– 2.3

	
	2-bit HARQ-ACK + SR
	1 symbol
	PBLER = 10-2
	2.8

	
	
	2 symbol w/o FH
	
	1.0

	
	
	2 symbol w/ FH
	
	– 1.8

	1
	SR only
	N symbols w/o FH
	TBD
	TBD

	
	
	N symbols w FH
	
	TBD

	
	1-bit HARQ-ACK
	N symbols w/o FH
	PBLER = 10-2
	nuci/2  – 7.0 + 10log10(14/N)

	
	
	N symbols w/ FH
	
	nuci/2  – 9.0 + 10log10(14/N)

	
	1-bit HARQ-ACK + SR
	N symbols w/o FH
	TBD
	TBD

	
	
	N symbols w/ FH
	
	TBD

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

	
	
	N symbols w/ FH
	
	nuci/2  – 5.0 + 10log10(14/N)

	
	2-bit HARQ-ACK + SR
	N symbols w/o FH
	TBD
	TBD

	
	
	N symbols w/ FH
	
	TBD

	2
	UCI (n bits)
	1 symbol
	PBLER = 10-2
	nuci/2  + 2.0 + 10log10(2/N)

	
	
	
	
	10log10(21.25BPRE – 1) + 10 – log2(M)

	
	
	2 symbol w/o FH
	PBLER = 10-2
	nuci/2  + 2.0 + 10log10(2/N)

	
	
	
	
	10log10(21.25BPRE – 1) + 10 – log2(M)

	
	
	2 symbol w/ FH
	PBLER = 10-2
	nuci/2  – 1.0 + 10log10(2/N)

	
	
	
	
	10log10(21.25BPRE – 1) + 9 – log2(M)

	3 and 4
	UCI (n bits)
	N symbols w/o FH
	PBLER = 10-2
	nuci*2/5 – X + 10log10(14/N) where X = 6 for 4 symbols and X = 7 for other cases

	
	
	
	
	10log10(21.25BPRE – 1) + 11 – log2(M)

	
	
	N symbols w/ FH
	
	nuci*2/5 – 6.0 + 10log10(14/N)

	
	
	
	
	10log10(21.25BPRE – 1) + 10 – log2(M)


In Table 2, N is the number of PUCCH symbols at a given PUCCH format. It is noted in Table 2 that for PUCCH formats 2, 3 and 4, two equations are defined and each equation will be applied for different range of UCI bits, i.e., one for less than or equal to 20 UCI bits (linear region) and the other for more than 20 UCI bits (non-linear region) where the spectral efficiency, BPRE-based, curve fitting is accurate. 
It is assumed that PUCCH format 0 is the reference to determine ΔF_PUCCH(F) for PUCCH format 2 and PUCCH format 1 is the reference to determine ΔF_PUCCH(F) for PUCCH formats 3 and 4. Also, it is assumed that 1-bit HARQ-ACK transmission with 1 symbol PUCCH format 0 is the reference to determine ΔPUCCH_TF,c(i) for PUCCH format 2 as well as other for SR or for HARQ-ACK/SR transmission using PUCCH format 0. On the other hand, 1-bit HARQ-ACK transmission with 14-symbol PUCCH format 1 is a reference to determine ΔPUCCH_TF,c(i) for PUCCH formats 3 and 4 as well as for SR or HARQ-ACK/SR transmission using PUCCH format 0. So, from Table 2, ΔF_PUCCH(F) can be given by the following: ΔF_PUCCH(0) = 0 dB, ΔF_PUCCH(1) = – 7.0 dB, ΔF_PUCCH(2) = 2 dB and ΔF_PUCCH(3) = ΔF_PUCCH(4) = – 6.0 dB. 

From Table 2, ΔPUCCH_TF,c(i) for small UCI payload size (i.e., less than or equal to 20 bits) can be generalized by the following:
· ΔPUCCH_TF,c(i) = α*nuci + β + 10log10(Nref/Nsymb) + γ
· α is a constant that can be different depending on the PUCCH format as shown in Table 3.
· nuci is the number of UCI bits.

· β is an offset value that can be different depending on the UCI types for each PUCCH format as shown in Table 3. 

· Nref is the reference number of symbols configured for the PUCCH format. It is set to 2 for PUCCH formats 0 and 2, and set to 14 for PUCCH formats 1, 3, and 4.
· Nsymb is the number of symbols transmitted.
· γ is an offset value reflecting a frequency hopping gain.

Table 3: Parameters for ΔPUCCH_TF,c(i) in case of small UCI payload size
	Formats
	UCI Types
	# of symbols
	α
	β
	γ

	0
	SR only
	1
	0
	TBD
	0 for w/o FH

– 3.0 for w/ FH

	
	
	2 
	
	TBD
	

	
	1-bit HARQ-ACK
	1
	
	– 1.0
	

	
	
	2 
	
	0
	

	
	1-bit HARQ-ACK + SR

or 2-bit HARQ-ACK
	1
	
	– 1.0
	

	
	
	2 
	
	1.0
	

	
	2-bit HARQ-ACK + SR
	1
	
	TBD
	

	
	
	2
	
	TBD
	

	1
	SR only
	N
	1/2
	TBD
	0 for w/o FH

– 2.0 for w/ FH

	
	1-bit HARQ-ACK
	
	
	0
	

	
	1-bit HARQ-ACK + SR
	
	
	TBD
	

	
	2-bit HARQ-ACK
	
	
	4.0
	

	
	2-bit HARQ-ACK + SR
	
	
	TBD
	

	2
	UCI (n bits)
	1
	1/2
	0
	0 for w/o FH

– 3.0 for w/ FH

	
	
	2
	
	
	

	3 and 4
	UCI (n bits)
	N
	2/5
	0
	0 for w/o FH and 4 symbols w/ FH
– 1.0 for w/ FH


Also, from Table 2, ΔPUCCH_TF,c(i) for large UCI payload size (i.e., larger than 20 bits) can be generalized by the following:
· ΔPUCCH_TF,c(i) = 10log10(21.25∙BPRE(i) – 1) + δ – log2(M)
· BPRE(i) = OUCI(i)/NRE(i) where OUCI(i) is the number of UCI bits including CRC bits transmitted on PUCCH formats 2/3/4 in PUCCH transmission period i. NRE(i) is the number of resource elements (REs) defined as the number of RBs x the number of REs per RB x the number of symbols where the number of DMRS symbols and/or the number of DMRS tones is excluded.

· δ is a constant that can be different depending on PUCCH formats as shown in Table 4. 

· M is the number of RBs used for PUCCH transmission.
Table 4: Parameters for ΔPUCCH_TF,c(i) in case of large UCI payload size

	Formats
	UCI Types
	# of symbols
	γ

	2
	UCI (n bits)
	1
	16.0 for w/o FH

15.0 for w/ FH

	
	
	2
	

	3 and 4
	UCI (n bits)
	N
	17.0 for w/o FH

16.0 for w/ FH


Proposal 1: In case that UCI payload size is less than or equal to 20 bits, NR adopts the following ΔPUCCH_TF,c(i) equation and corresponding values defined in Table 3.
· ΔPUCCH_TF,c(i) = α*nuci + β + 10log10(Nref/Nsymb) + γ
· α is a constant that can be different depending on PUCCH formats as shown in Table 3.

· nuci is the number of UCI bits.

· β is an offset value that can be different depending on UCI types for each PUCCH format as shown in Table 3. 

· Nref is the reference number of symbols configured for the PUCCH format. It is set to 2 for PUCCH formats 0 and 2, and set to 14 for PUCCH formats 1, 3, and 4.
· Nsymb is the number of symbols transmitted.
· γ is an offset value reflecting a frequency hopping gain.

Proposal 2: In case that UCI payload size is larger than 20 bits, NR adopts the following ΔPUCCH_TF,c(i) equation and corresponding values defined in Table 4
· ΔPUCCH_TF,c(i) = 10log10(21.25∙BPRE(i) – 1) + δ – log2(M)

· BPRE(i) = OUCI(i)/NRE(i) where OUCI(i) is the number of UCI bits including CRC bits transmitted on PUCCH formats 2/3/4 in PUCCH transmission period i. NRE(i) is the number of resource elements (REs) defined as the number of RBs x the number of REs per RB x the number of symbols where the number of DMRS symbols and/or the number of DMRS tones is excluded.

· δ is a constant that can be different depending on PUCCH formats as shown in Table 4. 

· M is the number of RBs used for PUCCH transmission.
Proposal 3: NR adopts the following ΔF_PUCCH(F) values:

· ΔF_PUCCH(0) = 0 dB, ΔF_PUCCH(1) = – 7.0 dB, ΔF_PUCCH(2) = 2 dB,  ΔF_PUCCH(3) = – 6.0 dB and ΔF_PUCCH(4) = – 6.0 dB.
It was argued that the difference of required SINR of the two waveforms should be included in ΔPUCCH_TF,c to allow fast power control convergence at the time of waveform switching. However, usage and motivation of such dynamic power adjustment is not clear. For example, in case dynamic waveform switching is not performed, the difference of required SNR of the two waveforms, if any, can be reflected into ΔF_PUCCH(F) and/or ΔPUCCH_TF,c(i) 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. Moreover, as pi/2-BPSK or QPSK is used for UCI modulation in a PUCCH, there is practically no SINR difference between CP-OFDM and DFT-s-OFDM. So, further consideration to capture any received SINR target difference between DFT-s-OFDM and CP-OFDM is not needed.

Observation 1: The target received SINR difference between DFT-s-OFDM and CP-OFDM is reflected into ΔF_PUCCH(F) and/or ΔPUCCH_TF,c(i).
Proposal 4: Further consideration to capture a difference of target received SINR between DFT-s-OFDM and CP-OFDM into ΔF_PUCCH(F) or ΔPUCCH_TF,c(i) is not needed.
Definition of MPUCCH,c(i)
PUCCH power control formula has to have the parameter, 10log10(MPUCCH,c(i)) because PUCCH formats 2 and 3 support more than 2 PRBs. Regarding how to define MPUCCH,c(i), same asMPUSCH,c(i) and MSRS,c(i), MPUCCH,c(i) is expressed in the number of PRBs based on 15 kHz regardless of PRBs allocated for PUCCH transmission. This is already captured in TS 38.213 for the PUSCH and the same can apply for the PUCCH.
Proposal 5: The PUCCH power control formula includes MPUCCH,c(i) as an independent term expressed in number of PRBs based on 15 kHz.
3 Conclusion
In this contribution, we have discussed how to define ΔF_PUCCH(F) and ΔPUCCH_TF,c(i) for NR PUCCH power control and the following are proposed:
Proposal 1: In case that UCI payload size is less than or equal to 20 bits, NR adopts the following ΔPUCCH_TF,c(i) equation and corresponding values defined in Table 3.
· ΔPUCCH_TF,c(i) = α*nuci + β + 10log10(Nref/Nsymb) + γ
· α is a constant that can be different depending on PUCCH formats as shown in Table 3.
· nuci is the number of UCI bits.
· β is an offset value that can be different depending on UCI types for each PUCCH format as shown in Table 3. 
· Nref is the reference number of symbols configured for the PUCCH format. It is set to 2 for PUCCH formats 0 and 2, and set to 14 for PUCCH formats 1, 3, and 4.
· Nsymb is the number of symbols transmitted.
· γ is an offset value reflecting a frequency hopping gain.
Proposal 2: In case that UCI payload size is larger than 20 bits, NR adopts the following ΔPUCCH_TF,c(i) equation and corresponding values defined in Table 4

· ΔPUCCH_TF,c(i) = 10log10(21.25∙BPRE(i) – 1) + δ – log2(M)

· BPRE(i) = OUCI(i)/NRE(i) where OUCI(i) is the number of UCI bits including CRC bits transmitted on PUCCH formats 2/3/4 in PUCCH transmission period i. NRE(i) is the number of resource elements (REs) defined as the number of RBs x the number of REs per RB x the number of symbols where the number of DMRS symbols and/or the number of DMRS tones is excluded.

· δ is a constant that can be different depending on PUCCH formats as shown in Table 4. 

· M is the number of RBs used for PUCCH transmission.
Proposal 3: NR adopts the following ΔF_PUCCH(F) values:

· ΔF_PUCCH(0) = 0 dB, ΔF_PUCCH(1) = – 7.0 dB, ΔF_PUCCH(2) = 2 dB,  ΔF_PUCCH(3) = – 6.0 dB and ΔF_PUCCH(4) = – 6.0 dB.
Proposal 4: Further consideration to capture a difference of target received SINR between DFT-s-OFDM and CP-OFDM into ΔF_PUCCH(F) or ΔPUCCH_TF,c(i) is not needed.
Proposal 5: The PUCCH power control formula includes MPUCCH,c(i) as an independent term expressed in number of PRBs based on 15 kHz.
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Appendix A: Curve Fitting for Small UCI Payloads
This section shows that the proposed ΔPUCCH,TF,c(i) equations in Section 2 are well-aligned with simulation results using RM code. All evaluations are performed over TDL-C channel model with 300 ns RMS delay spread and simulation parameters are shown at the end of the Appendix C.
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Figure 1: Required SINR vs. the number of UCI bits for PUCCH format 1
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(a) 1-symbol                                                                 (b) 2-symbol without FH
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(c) 2-symbol with FH
Figure 2: Required SINR vs. the number of UCI bits for PUCCH format 2
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(a) Without FH                                                                       (b) With FH

Figure 3: Required SINR vs. the number of UCI bits for PUCCH format 3 assuming 1 PRB

Appendix B: Curve Fitting for Large UCI Payloads
This section shows that the proposed ΔPUCCH,TF,c(i) equations in Section 2 are well-aligned with simulation results using Polar code. All evaluations are performed over TDL-C channel model with 300 ns RMS delay spread and simulation parameters are shown at the end of the Appendix C.

[image: image10.emf]
Figure 4: Required SINR vs. the number of UCI bits for PUCCH format 2 assuming 1-symbol
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(a) Without FH                                                                    (b) With FH
Figure 5: Required SINR vs. the number of UCI bits for PUCCH format 2 assuming 2-symbol
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(a) 4 symbols                                                                       (b) 14 symbols
Figure 6: Required SINR vs. the number of UCI bits for PUCCH format 3 without FH
Appendix C: BLER Performance

This section provides the BLERs of different PUCCH formats. When the number of UCI bits is smaller than or equal to 11, RM code is evaluated. Also, when the number of UCI bits is larger than 11, Polar code is evaluated. 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 B.
For UCI payload size ≤ 11 bits
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Figure 7: BLER performance of PUCCH format 0
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(a) 2-symbol without FH                                                     (b) 2-symbol with FH

Figure 8: BLER performance of PUCCH format 2 assuming 2 PRBs

For UCI payload size > 11 bits
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(a) 2-symbol without FH                                                     (b) 2-symbol with FH

Figure 9: BLER performance of PUCCH format 2 assuming 4 PRBs
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(a) 4-symbol without FH                                                     (b) 4-symbol with FH
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(c) 14-symbol without FH                                                    (d) 14-symbol with FH
Figure 10: BLER performance of PUCCH format 3 assuming 8 PRBs

[image: image24.emf]
Figure 11: BLER performance of PUCCH format 3: 4 symbols (solid line) vs. 14 symbols (dotted line) assuming 12 PRBs 
Table 4: Evaluation parameters

	Parameter
	Value

	Number of PRBs
	1 RB for PUCCH formats 0 

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

	UCI payload size
	1 – 200 bits

	Channel coding
	Reed Müller (32, O) when UCI payload size ≤ 11 bits  

Polar Code when UCI payload size > 11 bits

	CRC bits
	6 bits for 11 < UCI bits ≤ 19, 11 bits for UCI bits > 19

	Channel estimation
	MMSE

	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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