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Introduction
In RAN1#91, PUCCH power control formula was completed and captured in TS38.213v2.0.0 [1]  except the detailed delta function ΔTF,f,c(i)to adjust the coding gain of different PUCCH formats.  RRC parameter of enabling/disabling the delta control function ΔTF,c(i) was agreed to as follows,
Agreement:
RRC parameter is introduced to enable or disable ΔTF,c(i)

Additional CRC lengths for UL control channel coding were also agreed in RAN1#91 as follows
Agreement:
Lcrc = 0 when RM codes are used in the uplink for K in the range, 3<=K<=11 bits

Agreement:
· nFAR = 3 when Polar code with PC bits are used for UCI transmission, for K in the range, 12<=K<=19. 
· The length 6 CRC polynomial is used and g(D) = D6 + D5 + 1. 
· When K>19, the already agreed length 11 CRC polynomial is used

Agreement:
The agreed coding scheme for UCI is applicable for UCI payloads up to at least (5/6)*(2048).

This contribution discusses remaining detail of PUCCH power control with text proposal on delta function ΔTF,f,c(i) for PUCCH formats 2/3/4.   

PUCCH Power Control Formula and Remaining Details

The power control formula for PUCCH in the following  was specified in TS38.213v2.0.0 [1] with the exception of details of delta function ΔTF,f,c(i) for PUCCH formats 2/3/4.   

 [dBm]
The delta function ΔTF,f,c(i) is to adjust the transmit power for different PUCCH formats based on the respective coding gain.   Different coding schemes, such as simplex, RM, and Polar coding schemes, are different for different UCI payload size.   The coding gains are different for different coding schemes.  Moreover, the coding gain also depends on the CRC-length since CRC would be considered as data in the encoder.  For UCI with Polar coding scheme, length-6 CRC is used for UCI payload size between 12 and 19 bits and length-11 CRC is used for UCI payload size larger than 19 bits.  The delta function ΔTF,f,c(i) would be specified based on the coding gain.   Nevertheless, same UCI payload size carried by different PUCCH formats might have different performance due to different time and frequency diversity gain.   
We evaluate the BLER the performance of different PUCCH formats.  The delta function ΔTF,f,c(i) of each PUCCH format is set to meet the required SINR.  The delta function ΔTF,f,c(i) is a function of the random variable of coding gain and diversity gain.  To achieve the target SINR, the delta function ΔTF,f,c(i) is determined by the UCI payload size, the resource allocation, diversity gain, and channel coding scheme.  The coding gain depends on the UCI payload size, the number of REs carrying the UCI and the coding scheme.   The performance evaluation results of different coding schemes for each PUCCH format would be used to determine the delta function ΔTF,f,c(i).    

PUCCH format 0 with 1 or 2 symbols for number of UCI bits (OUCI) = 1 or 2 bits

PUCCH format 0 is a sequence-based information encoding.  The UCI information is processed with spreading gain and no explicit channel coding.  The delta function ΔTF,f,c(i) is set to be inverse proportional to the processing gain.  The sequence length of the PUCCH is fixed.  The processing gain is double for 2-symbol PUCCH format 0 comparing to that of 1-symbol PUCCH format 0.   Thus, the proposed delta function ΔTF,f,c(i)  is in the following, 
Proposal 1: The delta function ΔTF,f,c(i) for PUCCH format 0 is as follows,
· ΔTF,f,c(i) = 10 log10( ),   where 
· Nsymb is the number of symbols configured for PUCCH format 0
· Nref is set to 1 as the reference number of symbols configured for PUCCH format 0

PUCCH format 1 with 4 to 14 symbols for number of UCI bits (OUCI) = 1 or 2 bits

The simplex coding is used for PUCCH format 1 which supports up to 2 UCI bits.  The UCI information is encoding with repetition based on the number of REs.  The delta function ΔTF,f,c(i) is set to be inverse proportional to the channel coding gain through repetition.  The number of the REs used to carry UCI information depends on the number of OFDM symbols configured for PUCCH format 1.  PUCCH format 1 supports from 4 to 14 symbols, which half of them would be used for DMRS.  PUCCH format 1 with 4 symbols, which contains 2 symbols for carrying UCI information and 2-symbol for DMRS,  is used as the reference configuration.   The channel coding gain is determined by the number of symbols carrying UCI information comparing to that of reference configuration.   Thus, the proposed delta function ΔTF,f,c(i)  is in the following, 
Proposal 2: The delta function ΔTF,f,c(i) for PUCCH format 1 is as follows,
· ΔTF,f,c(i) = 10 log10( ),  where 
· Nsymb is the number of non-DMRS symbols configured for PUCCH format 1
· Nref is set to 2 as the reference number of non-DMRS symbols configured for PUCCH format 1
· Reference format of 4 symbol PUCCH format 1 contains 2 symbols for UCI and 2 symbols for DMRS

PUCCH format 2 with 1 or 2 symbols for number of UCI bits (OUCI) > 2 bits

Both Reed-Muller (RM) and Polar coding schemes are used for PUCCH format 2 for UCI payload size larger than 2 bits.   When UCI payload is between 3 and 11 bits, RM code is used.   Polar code is adapted for UCI payload size greater than 11 bits.   Polar coding schemes with 6-bit and 11-bit CRC are used for UCI length between 12 and 19 bits and UCI greater than 19 bits, respectively.  The delta function ΔTF,f,c(i) is set to fit the channel coding gain of both RM and Polar code.  For RM code, the coding gain is considered linear for UCI payload size between 3-11 bits.  The Polar coding gain is non-linear for UCI payload size larger than 11 bits.   The CRC bits are redundant and should be taken into account along with UCI bits in the coding gain calculation.   For UCI payload size between 12-19 bits, Polar code with length-6 CRC is used.    Polar code with length-11 CRC is used for UCI bits larger than 19 bits.   The analysis of the delta function ΔTF,f,c(i) and the evaluation results for PUCCH format 2 are shown in the following, 

· For  2 < OUCI ≦11 bits, When RM code is used, the coding gain is considered linear.  
The evaluations of the delta function ΔTF,f,c(i) for PUCCH format 2 with RM code include frequency hopping and non-frequency hopping cases.  The delta function ΔTF,f,c(i) based on the simulation results and curve fitting shown in Figure 1 are as follows,
· ΔTF,f,c(i) =10 log10 ()where
· NRE  is the number of REs carried UCI.  NRE = ( ), 
· where  is the number of PRB configured for PUCCH format 2 
· Note that 1/3 of DMRS REs are inserted at the 1st symbol of PUCCH and repeated at 2nd symbol if presents.  
· k = 6.6393 for PUCCH format 2 without frequency hopping
· k = 4.0551 for PUCCH format 2 with frequency hopping

[image: ]
Figure 1: Simulation results of PUCCH formats 2 with RM coding scheme with and without frequency hopping and the associated TF function ΔTF,f,c(i)



· For  12 ≦ OUCI ≦19 bits,  Polar code with 6-bit CRC is used.   
The delta function ΔTF,f,c(i) is a non-linear function of UCI payload size and number of REs used to carry UCI bits.   
·  ΔTF,f,c(i) =10 log10 () )where
· g(OUCI , NRE) is the function of Polar coding gain of the allocated PUCCH resource associated with the number of UCI bits to be further studied.  
· NRE  is the number of REs carried UCI.  NRE = ( ),  
· where  is the number of PRB configured for PUCCH format 2 
· Note that 1/3 of DMRS REs are inserted at the 1st symbol of PUCCH and repeated at 2nd symbol if presents.  
We study two different generic functions) of Polar coding for PUCCH format 2 with UCI payload size between 12 and 19 bits, 
· G1:  ΔTF,f,c(i) =10 log10 () 
· G2: ΔTF,f,c(i) =10 log10 () 
The simulation results of SINR performance vs the generic function for PUCCH Format 2 with UCI payload size between 12 and 19 bits are shown in Figure 2 and Figure 3 respectively.   The curve fitting of two generic functions G1 and G2 from Figure 2 and Figure 3 are as follows,
· g1(NRE) = 17/256*NRE+7/8
· g2(OUCI/NRE) = 137/64*( OUCI/NRE)-7/8
From the simulation results in Figure 2 and Figure 3, we can see that the generic function G2 aligns with the slope of SIR performance of the PUCCH format 2.   The generic function G2 should be adopted used for the delta function ΔTF,f,c(i).  

[image: ]
[bookmark: _Ref503382784]Figure 2: Simulation of PUCCH Format 2 with Polar code and length-6 CRC based on generic function G1 as function of NRE variable only 
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[bookmark: _Ref503382791]Figure 3:  Simulation of PUCCH Format 2 with Polar code and length-6 CRC based on generic function G2 as function of OUCI/NRE  
· For  19 bits <  OUCI ,  Polar code with 11-bit CRC is used.   
The delta function ΔTF,f,c(i) is a log of generic function ) , which contains variable of payload size and number of REs carrying UCI bits.   
ΔTF,f,c(i) =10 log10 ())

Similarly, two different generic functions) of Polar coding are investigated for PUCCH format 2 with UCI payload size greater19 bits as follows,
· G1:  ΔTF,f,c(i) =10 log10 () 
· G2: ΔTF,f,c(i) =10 log10 () 
The simulation results of SINR performance vs the generic function for PUCCH Format 2 with UCI payload size greater 19 bits are shown in Figure 4 and Figure 5 respectively.  The curve fitting of two generic functions G1 and G2 from Figure 4 and Figure 5 are as follows,
· g1(NRE) = 1/30*NRE+1
· g2(OUCI/NRE) = 17/6*( OUCI/NRE)-1/4
From the simulation results in Figure 4 and Figure 5, we can see that the generic function G2 aligns with the slope of SIR performance of the PUCCH format 2 with UCI payload greater than 19 bits although large variation (seesaw) is observed in Figure 5.   The generic function G2 should be adopted used for the delta function ΔTF,f,c(i).  
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[bookmark: _Ref503385788]Figure 4: Simulation of PUCCH Format 2 with Polar code and length-11 CRC based on generic function G1 as function of NRE variable only 
[image: ]
[bookmark: _Ref503385799]Figure 5: Simulation of PUCCH Format 2 with Polar code and length-11 CRC based on generic function G2 as function of OUCI/NRE  


PUCCH formats 3/4 with 4 -14 symbols for number of UCI bits (OUCI) > 2 bits

Similar to PUCCH format 2, both Reed-Muller (RM) and Polar coding schemes are used for PUCCH format 3 for UCI payload size larger than 2 bits.   When UCI payload is between 3 and 11 bits, RM code is used.   Polar code is adapted for UCI payload size greater than 11 bits.   Polar coding schemes with 6-bit and 11-bit CRC are used for UCI length between 12 and 19 bits and UCI greater than 19 bits, respectively.  The delta function ΔTF,f,c(i) is set to fit the channel coding gain of both RM and Polar code   The analysis of the delta function ΔTF,f,c(i) and the evaluation results for PUCCH format 3 are shown in the following, 

· For  2 < OUCI ≦11 bits, When RM code is used, the coding gain is considered linear.  
The evaluations of the delta function ΔTF,f,c(i) for PUCCH format 3/4 with RM code include frequency hopping and non-frequency hopping cases.  The delta function ΔTF,f,c(i) based on the simulation results and curve fitting shown in Figure 1 are as follows,
· ΔTF,f,c(i) =10 log10 ()where
· NRE  is the number of REs carried UCI.  NRE = ( ),  
·   is the number of PRB configured for PUCCH format 3/4
· Nsymb is the number of non-DMRS symbols configured for PUCCH format 3/4
· For PUCCH format 3
· k = 7.9652  for PUCCH format 3 without frequency hopping
· k = 3.2478 for PUCCH format 3with frequency hopping
· For PUCCH format 4
· k = 7.6671 for PUCCH format 4 without frequency hopping
· k = 3.5459 for PUCCH format 4 with frequency hopping
· For PUCCH format 3 and 4 in combination 
· k = 7.8764  for PUCCH format 3/4 without frequency hopping
· k = 3.3910  for PUCCH format 3/4 with frequency hopping



[image: ]
Figure 6: Simulation results of PUCCH formats 3 with RM coding scheme with and without freuqency hopping and the associated TF function ΔTF,f,c(i)
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Figure 7: Simulation results of PUCCH formats 4 with RM coding scheme with and without freuqency hopping and the associated TF function ΔTF,f,c(i)

[image: ]
Figure 8: Combined simulation results of PUCCH formats 3 and 4 with RM coding scheme with and without freuqency hopping and the associated TF function ΔTF,f,c(i)

· For  12 ≦ OUCI ≦19 bits,  Polar code with 6-bit CRC is used.   
The delta function ΔTF,f,c(i) is a non-linear function of UCI payload size and number of REs used to carry UCI bits.   
·  ΔTF,f,c(i) =10 log10 () )where
· g(OUCI , NRE) is the function of Polar coding gain of the allocated PUCCH resource associated with the number of UCI bits to be further studied.  
· NRE  is the number of REs carried UCI.  NRE = ( ),  
·   is the number of PRB configured for PUCCH format 3/4
· Nsymb is the number of non-DMRS symbols configured for PUCCH format 3/4
We study two different generic functions) of Polar coding for PUCCH format 3/4 with UCI payload size between 12 and 19 bits, 
· G1:  ΔTF,f,c(i) =10 log10 () 
· G2: ΔTF,f,c(i) =10 log10 () 
The simulation results of SINR performance vs the generic function for PUCCH Format 3/4 with UCI payload size between 12 and 19 bits are shown in Figure 9 and Figure 10, respectively.   The curve fitting of two generic functions G1 and G2 from Figure 9 and Figure 10 are as follows,
· g1(NRE) = 5/512*NRE+5/2
· g2(OUCI/NRE) = 57/8*( OUCI/NRE)-1
From the simulation results in Figure 9 and Figure 10, we can see that the generic function G2 aligns with the slope of SIR performance of the PUCCH format 3/4.   The generic function G2 should be adopted used for the delta function ΔTF,f,c(i).  

[image: ]
[bookmark: _Ref503387483]Figure 9: Simulation of PUCCH Format 3/4 with Polar code and length-6 CRC based on generic function G1 as function of NRE variable only 

[image: ]
[bookmark: _Ref503387493]Figure 10: Simulation of PUCCH Format 3/4 with Polar code and length-6 CRC based on generic function G2 as function of OUCI/NRE  

· For  19 bits <  OUCI ,  Polar code with 11-bit CRC is used.   
The delta function ΔTF,f,c(i) is the log of generic function ) , which contains variable of payload size and number of REs carrying UCI bits.   
ΔTF,f,c(i) =10 log10 ())

Similarly, two different generic functions) of Polar coding are investigated for PUCCH format 3/4 with UCI payload size greater19 bits as follows,
· G1:  ΔTF,f,c(i) =10 log10 () 
· G2: ΔTF,f,c(i) =10 log10 () 
The simulation results of SINR performance vs the generic function for PUCCH Format 3/4 with UCI payload size greater 19 bits are shown in Figure 11 and Figure 12 respectively.  The curve fitting of two generic functions G1 and G2 from Figure 11 and Figure 12 are as follows,
· g1(NRE) = 15/2048*NRE+2
· g2(OUCI/NRE) = 25/8*( OUCI/NRE)+2/5
From the simulation results in Figure 11and Figure Figure 12, we can see that the generic function G2 aligns with the slope of SIR performance of the PUCCH format 3/ 4 with UCI payload greater than 19 bits.   The generic function G2 should be adopted used for the delta function ΔTF,f,c(i).  

[image: ]
[bookmark: _Ref503391176]Figure 11: Simulation of PUCCH Format 3/4 with Polar code and length-11 CRC based on generic function G1 as function of NRE variable only 
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[bookmark: _Ref503391187]Figure 12: Simulation of PUCCH Format 3/4 with Polar code and length-11 CRC based on generic function G2 as function of OUCI/NRE  
Proposal 3: The delta function ΔTF,f,c(i) for PUCCH format 2/3/4 is as follows,
· For  2 < OUCI ≦11 bits
ΔTF,f,c(i) =10 log10 () where
· NRE  is the number of REs carried UCI.  
· NRE = ( ) for PUCCH format 2
· NRE = ( ) for PUCCH format 3/4
where
·  is the number of PRB configured for PUCCH format 2/3/4
· Nsymb is the number of symbols for PUCCH format 2 and number of non-DMRS symbols configured for PUCCH format 3/4
· k = 6.6393 for PUCCH format 2 without frequency hopping
· k = 4.0551 for PUCCH format 2 with frequency hopping
· k = 7.8764  for PUCCH format 3/4 without frequency hopping
· k = 3.3910  for PUCCH format 3/4 with frequency hopping
· For  11 bits < OUCI 
ΔTF,f,c(i) =10 log10 ()
· g(OUCI/NRE) = 137/64*( OUCI/NRE)-7/8  for  PUCCH format 2 with 12≦OUCI≦19 bits
· g(OUCI/NRE) = 17/6*( OUCI/NRE)-1/4  for PUCCH format 2 with OUCI > 19 bits
· g(OUCI/NRE) = 57/8*( OUCI/NRE)-1  for  PUCCH format 3/4 with 12≦OUCI≦19 bits
· g(OUCI/NRE) = 25/8*( OUCI/NRE)+2/5  for PUCCH format 3/4 with OUCI > 19 bits

Text Proposals
In this contribution, we perform the analysis and evaluation of the delta function ΔTF,f,c(i) for PUCCH formats 0/1/2/3/4, which was not complete.   We have the following text proposals of the delta function ΔTF,f,c(i) ,

****************************** Text Proposal **************************************************






If a UE transmits a PUCCH on carrier  in the primary cell  using PUCCH power control adjustment state with index , the UE shall determine the PUCCH transmission power  in PUCCH transmission period  as

 [dBm]
where 




-	is the configured UE transmit power defined in [8, TS 38.101] for carrier  of serving cell  in PUCCH transmission period . 









-	 is a parameter composed of the sum of a component , provided by higher layer parameter P0-nominal-PUCCH for carrier  of primary cell , and a component  provided by higher layer parameter P0-PUCCH, where .  is a size for a set of  values provided by higher layer parameter num-p0-pucch. The set of  values is provided by higher layer parameter p0-pucch-set. 






-	is a downlink path-loss estimate in dB calculated by the UE for carrier  of the primary cell  using RS resource , where .  is a size for a set of RS resources provided by higher layer parameter num-pucch-pathlossReference-rs. The set of RS resources is provided by higher layer parameter pucch-pathlossReference-rs. The set of RS resources can include one or both of a set of SS/PBCH block indexes provided by higher layer parameter pucch-pathlossReference-SSB and a set of CSI-RS configuration indexes provided by higher layer parameter pucch-pathlossReference-CSIRS. The UE identifies a RS resource in the set of RS resources to correspond to a SS/PBCH block or to a CSI-RS configuration as provided by higher layer parameter pucch-pathlossreference-index. 

-	The parameter   is provided by higher layer parameter deltaF-pucch-f0 for PUCCH format 0, deltaF-pucch-f1 for PUCCH format 1, deltaF-pucch-f2 for PUCCH format 2, deltaF-pucch-f3 for PUCCH format 3, and deltaF-pucch-f4 for PUCCH format 4. 



-	 is a PUCCH transmission power adjustment component for carrier  of primary cell .
-	For PUCCH format 0,  
ΔTF,f,c(i) = 10 log10( ),   where 
· Nsymb is the number of symbols configured for PUCCH format 0
· Nref is set to 1 as the reference number of symbols configured for PUCCH format 0
· For PUCCH format 1,  
ΔTF,f,c(i) = 10 log10( ),  where 
· Nsymb is the number of non-DMRS symbols configured for PUCCH format 1
· Nref is set to 2 as the reference number of non-DMRS symbols configured for PUCCH format 1
· Reference format of 4 symbol PUCCH format 1 contains 2 symbols for UCI and 2 symbols for DMRS
· For PUCCH format 2/3/4,  
· For  2 < OUCI ≦11 bits
ΔTF,f,c(i) =10 log10 () where
· NRE  is the number of REs carried UCI.  
· NRE = ( ) for PUCCH format 2
· NRE = ( ) for PUCCH format 3/4
where
·  is the number of PRB configured for PUCCH format 2/3/4
· Nsymb is the number of symbols for PUCCH format 2 and number of non-DMRS symbols configured for PUCCH format 3/4
· k = 6.6393 for PUCCH format 2 without frequency hopping
· k = 4.0551 for PUCCH format 2 with frequency hopping
· k = 7.8764  for PUCCH format 3/4 without frequency hopping
· k = 3.3910  for PUCCH format 3/4 with frequency hopping
· For  11 bits < OUCI 
ΔTF,f,c(i) =10 log10 ()

· g(OUCI/NRE) = 137/64*( OUCI/NRE)-7/8  for  PUCCH format 2 with 12≦OUCI≦19 bits
· g(OUCI/NRE) = 17/6*( OUCI/NRE)-1/4  for PUCCH format 2 with OUCI > 19 bits
· g(OUCI/NRE) = 57/8*( OUCI/NRE)-1  for  PUCCH format 3/4 with 12≦OUCI≦19 bits
· g(OUCI/NRE) = 25/8*( OUCI/NRE)+2/5  for PUCCH format 3/4 with OUCI > 19 bits




-	For the PUCCH power control adjustment state for carrier  of primary cell  and PUCCH transmission period 





-	 is a correction value, also referred to as a TPC command, and is included in a PDCCH with DCI format 1_0 or DCI format 1_1 for carrier  of the primary cell  that the UE detects in PUCCH transmission period , or jointly coded with other TPC commands in a PDCCH with DCI format 2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI [5, TS 36.212], and  as indicated by higher layer parameter num-pucch-pcadjustment-states;

-	The  dB values signaled on PDCCH with DCI format 1_0 or DCI format 1_1 or DCI format  2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI are given in Table 7.2.1-1.



-	 dB if the UE does not detect a TPC command for carrier  of the primary cell . 


-	 is the current PUCCH power control adjustment state and  is the first value after reset

-	If  value is changed by higher layers, 

-	 
-	Else, 

-	, where



 is the TPC command indicated in the random access response corresponding to the random access preamble transmitted for carrier  in the serving cell , and, 
if the UE transmits PUCCH, 

; 





otherwise, and  is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last preamble for carrier  in primary cell , and  corresponds to PUCCH format 0 or PUCCH format 1.

-	If the PUSCH transmission is in response to a PDCCH detection with DCI format 1_0 or DCI format 1_1, the  accumulated values are given in Table 7.1.1-1.





-	If the UE has reached  for carrier  in primary cell , the UE does not accumulate positive TPC commands for carrier  in primary cell .




-	If the UE has reached minimum power for carrier  in primary cell , the UE does not accumulate negative TPC commands for carrier  in primary cell .


-	The UE can reset accumulation for carrier  in primary cell 

-	When  value is changed by higher layers.

Table 7.2.1-1: Mapping of TPC Command Field in DCI format 1_0 or DCI format 1_1 or DCI format  2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI to accumulated  values
	TPC Command Field 
	
Accumulated  [dB]

	0
	-1

	1
	0

	2
	1

	3
	3
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Annex: Simulation Parameters
	Parameter
	Value

	Carrier frequency
	4 GHz

	System bandwidth
	20MHz

	Channel model
	TDL-C with 300ns

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	PUCCH format
	Format 2 with 1 or 2 symbol; 
Format 3/4: 
· symbols (including 1 RS symbol without FH, 2RS symbols with FH)
· symbols (including 2 RS symbols)
· symbols (including 2 RS symbols)
· 10 symbols (including 2 RS symbols)
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]12 symbols (including 2 RS symbols)
· 14 symbols (including 2 RS symbols)

	Used PRB
	1,2,4,8 RBs for PF2
1 or 2 RB for PF3
1RB for PF4

	
	

	Coding
	RM coding (UCI bits<=11)
Polar coding(UCI bits >2)

	CRC length
	Polar coding with CRC-6 (12<=UCI bits<=19)
Polar coding with CRC-11 (UCI bits >19)

	Channel estimation
	MMSE

	Performance metrics
	BLER @ 1%

	UE speed (kmph)
	3

	Subcarrier spacing (KHz)
	15
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