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Introduction
In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 meeting. There are some remaining details on NR power control which need to be refined or updated in the specification. We provide our proposals and TPs on NR power control related issues in non-CA aspects in this contribution.
Discussion
Power control for PUSCH
In 38.213 [3], the power control framework of PUSCH is depicted as follows.
	





If a UE transmits a PUSCH on carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE shall determine the PUSCH transmission power  in PUSCH transmission period  as

 [dBm]




According to the latest version of 38.213 [3] and 38.331 [5], there are still some remaining issues for UE to derive the proper power control parameters {i, j, qd, l} for one PUSCH transmission. 

Case 1: Grant based PUSCH
In RAN1#90bis meeting, it was agreed that j as index of P0 and alpha can be configured for PUSCH beam indication (if present) for grant-based PUSCH. That means RRC need to configure P0 and alpha per PUSCH beam indication (if present) for grant-based PUSCH. According to the previous agreement on PUSCH power control framework, UE could get P0 and alpha via PUSCH beam indication in UL grant information probably in DCI which means the linkage between the index of P0 (and alpha) and PUSCH beam indication should be configured in RRC. In 38.331 [5], there could be multiple P0-PUSCH-AlphaSets, each of which contains{p0-PUSCH-AlphaSetId, p0, alpha}, in PUSCH-PowerControl IE, but in 38.213 [3], it is not clear on how UE could obtain the proper P0 and alpha accordingly. 
Similarly, since there could also be multiple PUSCH-PathlossReference-RSs, and one or two PUSCH-PC-AdjustmentStates in RRC, UE is still hard to derive the proper PUSCH-PathlossReference-RS and the proper closed loop power control process for PUSCH from multiple settings with the current description in 38.213 [3].
Proposal-1: For the power control of grant-based PUSCH, a higher layer parameter PUSCH-PC-Linkage is introduced to set up the linkage between the index of P0 (and alpha), the index of PUSCH-PathlossReference-RS,  the index of closed loop power control process for PUSCH, and PUSCH beam indication.
For example, we can introduce the above IE to RRC as follows:
		PUSCH-PC-LinkageSet				SEQUENCE {SIZE (1..maxNrofLinkageset)) OF PUSCH-PC-Linkage,

	PUSCH-PC-Linkage					SEQUENCE {
		SRS 								SRI
		p0-PUSCH-Alpha						P0-PUSCH-AlphaSetId,
		pusch-PathlossReference-RS			PUSCH-PathlossReference-RS-Id,
		powerControlLoopToUse				ENUMERATED {n0, n1}		OPTIONAL,-- Need R
}


Case 2: Grant free PUSCH
It is agreed that grant free PUSCH should have particular {j and l} configurations. To be more specific,
· l  is configured by higher layer parameter powerControlLoopToUse for grant free (SPS) PUSCH in SPS-Config;
· j is configured by higher layer parameter p0-PUSCH-Alpha for grant free (SPS) PUSCH in SPS-Config;
In TS 38.213, j =1 is fixed as grant free (SPS) PUSCH, while the index of P0-PUSCH-AlphaSet for SPS in RRC is configured instead of fixed. So it needs to clarify that the higher layer parameter p0-PUSCH-Alpha for grant free (SPS) PUSCH should be used for the case of  j =1.
Besides, there is no description for pathloss RS configuration for grant free PUSCH. There are three possible ways to settle this problem: 
Option 1: UE implementation to decide which RS should be used for PL evaluation, and this should be clarified in 38.213.
Option 2; gNB configures the RS which should be used for PL evaluation for grant free PUSCH, with the fixed index of PUSCH-PathlossReference-RS, e.g. 0. This should be clarified in 38.213
Option 3: gNB configures the RS which should be used for PL evaluation for grant free PUSCH, and gNB chooses one from the set and indicate it in SPS-config IE, just like the scheme for j and l configuration for grant free PUSCH.
In our opinion, option 3 is the best because of the following reasons: first, it is better to let gNB to configure RS for PL than let UE to decide it. Second, option 2 consumes no signalling for RS configuration for PL in RRC, but option 3 is better for future compatibility with only 2 bits. Third, option 3 is consistent with the scheme of j and l.
Proposal-2: For the power control of grant-free PUSCH, introduce a higher layer parameter PUSCH-SPS-PathlossReference-RS, which is an index of pathlossReferenceRSs for PUSCH, under higher layer parameter SPS-config for explicit configuration of the DL RS for path loss measurement.
TP 1: Capture the following changes in section 7.1.1 of 38.213. 
	· 




For a PUSCH (re)transmission corresponding to a grant-free configuration or semi-persistent grant, ,  is provided by higher layer parameter p0-nominal-pusch-withoutgrant, and  is provided by higher layer parameter p0-ue-pusch in a set of higher layer parameter p0-pusch-alpha-set with a respective index by higher layer parameter p0alphasetindex equals to P0-PUSCH-AlphaSetId configured in SPS-config for carrier  of serving cell .
· 











For, a   value, applicable for all , is provided by higher layer parameter p0-nominal-pusch-withgrant for each carrier  of serving cell  and a set of   values are provided by p0-pusch in a set of higher layer parameters p0-pusch-alpha-set and a respective index by higher layer parameter p0alphasetindex for carrier  of serving cell  where the size of the set is  and is indicated by higher layer parameter num-p0-alpha-sets. The SRI in DCI0_1 for the PUSCH grant can be used to derive  according to the corresponding higher layer parameter p0alphasetindex through the higher layer parameters PUSCH-PC-LinkageSet for carrier  of serving cell .
· 













For , . For ,  is provided by higher layer parameter alpha  in  a set of higher layer parameter p0-pusch-alpha-set with a respective index by higher layer parameter p0alphasetindex equals to P0-PUSCH-AlphaSetId configured in SPS-config for carrier  of serving cell .. For , a set of  values are provided by a set of higher layer parameters p0-pusch-alpha-set and a respective index by higher layer parameter p0alphasetindex for carrier  of serving cell  where the size of the set is  and is indicated by higher layer parameter num-p0-alpha-sets. The SRI in DCI0_1 for the PUSCH grant can be used to derive  according to the corresponding  higher layer parameter p0alphasetindex through the higher layer parameters PUSCH-PC-LinkageSet for carrier  of serving cell .
· 



is a downlink path-loss estimate in dB calculated by the UE using reference signal (RS) resource  for carrier  of serving cell , where the UE is configured with a number of RS resources by higher layer parameter num-pusch-pathlossReference-rs and a respective set of RS configurations for the number of RS resources is provided by higher layer parameter pusch-pathloss-Reference-rs that includes one or both of a set of SS/PBCH block indexes provided by higher layer parameter pusch-pathlossReference-SSB and a set of CSI-RS configuration indexes provided by higher layer parameter pusch-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 pusch-pathlossreference-index. 
· 


For a PUSCH (re)transmission corresponding to a grant-based configuration, the SRI in DCI0_1 for the PUSCH grant can be used to derive  according to the corresponding  higher layer parameter pusch-pathlossreference-index through the higher layer parameters PUSCH-PC-LinkageSet for carrier  of serving cell .
· For a PUSCH (re)transmission corresponding to a grant-free configuration or semi-persistent grant, the index of  higher layer parameter pusch-pathloss-Reference-rs is provided by higher layer parameter PUSCH-SPS-PathlossReference-RS. 
...
· 



 is the PUSCH power control adjustment state for carrier  of serving cell  and PUSCH transmission period  if accumulation is enabled based on the parameter Accumulation-enabled provided by higher layers, where
· 

 if the UE is configured with higher layer parameter num-pusch-pcadjustment-states; otherwise, . 
· 
For a PUSCH (re)transmission corresponding to a grant-free configuration or semi-persistent grant, the value of  is provided to the UE by higher layer parameter PUSCH-closed-loop-index;
· 
For a PUSCH (re)transmission corresponding to a grant-based configuration, the value of  is provided to the UE by higher layer parameter PUSCH-closed-loop-index which can be derived by SRI in DCI0_1 for the PUSCH grant through the higher layer parameters PUSCH-PC-LinkageSet.



The approach of using SRS-SpatialRelationInfo for obtaining a downlink path loss estimate may not work well since  only SRS can be configured to provide the spatial information in the current spec. Since the linkage between k and PUSCH beam indication is explicitly configured by the higher layer parameters PUSCH-PC-LinkageSet in our proposal, the description of mapping between SRS resources and the RS resource set for obtaining a DL PL estimation is not needed. 
TP 2: Capture the following changes in section 7.1.1 of 38.213. 
	If the UE is configured by higher layer parameter SRS-SpatialRelationInfo a mapping between a set of SRS resources and a set of RS resources for obtaining a downlink path-loss estimate, the UE uses the RS resources indicated by a value of a SRI field in DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission [5, TS 38.212] to obtain the downlink path-loss estimate.


The reset process of f should only affect the part of f(i, l) where l is associated with j.
TP 3: Capture the following changes in section 7.1.1 of 38.213. 
	· 


A UE can reset accumulation for carrier of serving cell 
· 
When  value is changed by higher layers;
· 
When  value is changed by higher layers;
· 
 where the value of  is associated with j in the higher layer parameters PUSCH-PC-LinkageSet



Power control for PUCCH
In 38.213 [3], power control framework of PUCCH is depicted as follows.





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]

According to the latest version of 38.213 [3] and 38.331 [5], there are still some remaining issues for UE to derive the proper power control parameters [image: ] for one PUSCH transmission.
Similar to PUSCH, RRC may configure multiple P0 for PUCCH, multiple PUCCH-PathlossReference-RSs, as well as multiple closed loop power control process for PUCCH, UE may have difficulty to derive the proper parameters from multiple settings with the current description in 38.213 [3], due to absence of the linkage between PUCCH beam indication and  P0 for PUCCH, PUCCH-PathlossReference-RSs and closed loop power control process for PUCCH.
The UL grant information of PUSCH contains SRI which could be seen as PUSCH beam indication. However, there is no such SRI for PUCCH grant. If PUCCH could be transmit on different beams, these candidate beams are configured to PUCCH as multiple spatialRelationInfo IEs, in 38.331. It has been agreed that MAC CE chooses one of the RRC configured spatialRelationInfo for PUCCH according to 38.331-101.   However, the current description in 38.213 does not include this.   Therefore, we propose to include the following description in 38.213 in our companion contribution [11] to align with the agreements.
	· a spatial setting by the SpatialRelationInfo IE configured under higher layer parameter PUCCH-Spatial-relation-info if only one SpatialRelationInfo IE is configured or  the SpatialRelationInfo IE is selected by an activation command [11, TS 38.321] if more than one SpatialRelationInfo IE is configured.


[bookmark: _GoBack]Through beam indication by spatialRelationInfo, linkage can be setup between selected beam and the corresponding power control parameter including P0, pathloss and closed loop power control.
Proposal-3: Introduce a higher layer parameter p0-pucch-set-index to indicate the index of P0 for PUCCH for p0-pucch-set in RRC parameter list.
Proposal-4: For the power control of PUCCH, introduce a higher layer parameter PUCCH-PC-Linkage to setup the linkage between  PUCCH beam indication and the index of P0, the index of PUCCH-PathlossReference-RS and the index of closed loop power control process for PUCCH..
· PUCCH beam indication refers to the set of spatialRelationInfo for PUCCH.
For example, we can introduce the above IE to RRC as follows:
	
PUCCH-PC-LinkageSet					SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF 
PUCCH-PC-Linkage
	PUCCH-PC-Linkage					SEQUENCE (
		spatialRelationInfo					spatialRelationInfoIndex
		p0									p0-pucch-set-index,
		pucch-PathlossReference-RS			pucch-pathlossreference-index,
		powerControlLoopToUse				PUCCH-closed-loop-index		OPTIONAL,-- Need R
}



TP 4: Capture the following changes in section 7.2.1 of 38.213. 
	




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 and a respective index is derived from higher layer parameter p0-pucch-set-index under higher layer parameter PUCCH-PC-Linkage with spatialRelationInfoIndex corresponding to the selected spatialRelationInfo, where. the selected spatialRelationInfo is provided by higher layer parameter PUCCH-spatialRelationInfo or by an activation command [11, TS 38.321] if more than one spatialRelationInfo is configured in PUCCH-spatialRelationInfo.    






-	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 under higher layer parameter PUCCH-PC-Linkage with spatialRelationInfoIndex corresponding to the selected spatialRelationInfo, where the selected spatialRelationInfo is provided by higher layer parameter PUCCH-spatialRelationInfo or by an activation command [11, TS 38.321] if more than one spatialRelationInfo is configured in PUCCH-spatialRelationInfo.. 

-	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 .

the value of  is provided to the UE by higher layer parameter PUCCH-closed-loop-index under higher layer parameter PUCCH-PC-Linkage with spatialRelationInfoIndex corresponding to the selected spatialRelationInfo, where the selected spatialRelationInfo is provided by higher layer parameter PUCCH-spatialRelationInfo or by an activation command [11, TS 38.321] if more than one spatialRelationInfo is configured in PUCCH-spatialRelationInfo.. 
· 


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;




About ΔPUCCH_TF,c(i)
In RAN1#90bis meeting, an agreement about ΔPUCCH_TF,c(i) is reached as follows:
· 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.
After comprehensive simulation evaluation, the following observation has been reached. Evaluation assumption, simulation results and detailed analysis can be found in appendix.
Observation 1: In order to get the convergent result from proponents, the simulation assumptions should be confirmed firstly, including:
· BLER point with 0.01, which seems to be sufficient for both PUSCH and PUCCH. 
· DTX detection with the false alarm probability 0.01.
Observation 2: For PUCCH format 0, the number of UCI bit could only be 1 and 2, the number of OFDM symbol only supports 1 and 2, the ΔPUCCH_TF,c(i) could be defined per each combination in order to guarantee the performance.
Observation 3: The required SINR for PUCCH Format-0 can be observed in Table 1.
Table 1 Required SINR for ΔPUCCH_TF,c(i) in PUCCH format 1
	Format 
	UCI Types
	# of symbols
	Req. SINR [dB]

	0
	SR only
	1 symbol
	5.5

	
	
	2 symbol w/o FH
	-0.5

	
	
	2 symbol w/ FH
	2

	
	1-bit HARQ-ACK
	1 symbol
	5.7

	
	
	2 symbol w/o FH
	0.5

	
	
	2 symbol w/ FH
	3.7

	
	1-bit HARQ-ACK + SR
(or 2-bit HARQ-ACK)
	1 symbol
	6

	
	
	2 symbol w/o FH
	0.8

	
	
	2 symbol w/ FH
	4.1

	
	2-bit HARQ-ACK + SR
	1 symbol
	6.4

	
	
	2 symbol w/o FH
	1.5

	
	
	2 symbol w/ FH
	4.6


Observation 4: For PUCCH format 1, 1 or 2 bits ACK/NACK shall be modulated and be block-wise spread with the orthogonal sequence, where ΔPUCCH_TF,c(i) is defined as in Table 2 .
Table 2  ΔPUCCH_TF,c(i) for PUCCH format 1
	Format
	ΔPUCCH_TF,c(i)

	1
	-10*log10(M_symbol) +4.5 + f(FH),
where f(FH) = 3, without frequency hopping (FH); f(FH)= 0,  with FH



Observation 5: For PUCCH format2/3/4, ΔPUCCH_TF,c(i) could be fitted as in Table 3.
Table 3 ΔPUCCH_TF,c(i) for PUCCH format 2/3/4
	Format
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	2
	-1
	8*log10(X_bits) – 10*log(M_symbol) – 10*log(N_RB)  +  f(FH) + f(DMRS), 
where
f(FH) = 2 without FH; or  f(FH)= 0 with FH
f(DMRS) = -1, when PUCCH format3/4 with 2 DMRS is configured; or, f(DMRS) = 0, for others 

	3
	3
	

	4
	4.5
	


Conclusions
In this contribution, we provide TPs on NR power control for related issues to the current NR specifications. 
We also provide some proposals about power control framework and observations about ΔPUCCH_TF,c(i), which are summarized as follows:
Proposal-1: For the power control of grant-based PUSCH, a higher layer parameter PUSCH-PC-Linkage is introduced to set up the linkage between the index of P0 (and alpha), the index of PUSCH-PathlossReference-RS,  the index of closed loop power control process for PUSCH, and PUSCH beam indication.
Proposal-2: For the power control of grant-free PUSCH, introduce a higher layer parameter PUSCH-SPS-PathlossReference-RS, which could be an index of pathlossReferenceRSs for PUSCH, under higher layer parameter SPS-config for explicit configuration of the DL RS for path loss measurement..
Proposal-3: Introduce a higher layer parameter p0-pucch-set-index to indicate the index of P0 for PUCCH for p0-pucch-set in RRC parameter list.
Proposal-4: For the power control of PUCCH, introduce a higher layer parameter PUCCH-PC-Linkage to setup the linkage between  PUCCH beam indication and the index of P0, the index of PUCCH-PathlossReference-RS and the index of closed loop power control process for PUCCH..
· PUCCH beam indication refers to the set of spatialRelationInfo for PUCCH.
Observation 1: In order to get the convergent result from proponents, the simulation assumptions should be confirmed firstly, including:
· BLER point with 0.01, which seems to be sufficient for both PUSCH and PUCCH. 
· DTX detection with the false alarm probability 0.01.
Observation 2: For PUCCH format 0, the number of UCI bit could only be 1 and 2, the number of OFDM symbol only supports 1 and 2, the ΔPUCCH_TF,c(i) could be defined per each combination in order to guarantee the performance.
Observation 3: The required SINR for PUCCH Format-0 can be observed in Table 1.
Table 1 Required SINR for ΔPUCCH_TF,c(i) in PUCCH format 1
	Format 
	UCI Types
	# of symbols
	Req. SINR [dB]

	0
	SR only
	1 symbol
	5.5

	
	
	2 symbol w/o FH
	-0.5

	
	
	2 symbol w/ FH
	2

	
	1-bit HARQ-ACK
	1 symbol
	5.7

	
	
	2 symbol w/o FH
	0.5

	
	
	2 symbol w/ FH
	3.7

	
	1-bit HARQ-ACK + SR
(or 2-bit HARQ-ACK)
	1 symbol
	6

	
	
	2 symbol w/o FH
	0.8

	
	
	2 symbol w/ FH
	4.1

	
	2-bit HARQ-ACK + SR
	1 symbol
	6.4

	
	
	2 symbol w/o FH
	1.5

	
	
	2 symbol w/ FH
	4.6


Observation 4: For PUCCH format 1, 1 or 2 bits ACK/NACK shall be modulated and be block-wise spread with the orthogonal sequence, where ΔPUCCH_TF,c(i) is defined as in Table 2 .
Table 2  ΔPUCCH_TF,c(i) for PUCCH format 1
	Format
	ΔPUCCH_TF,c(i)

	1
	-10*log10(M_symbol) +4.5 + f(FH),
where f(FH) = 3, without frequency hopping (FH); f(FH)= 0,  with FH



Observation 5: For PUCCH format2/3/4, ΔPUCCH_TF,c(i) could be fitted as in Table 3.
Table 3 ΔPUCCH_TF,c(i) for PUCCH format 2/3/4
	Format
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	2
	-1
	8*log10(X_bits) – 10*log(M_symbol) – 10*log(N_RB)  +  f(FH) + f(DMRS), 
where
f(FH) = 2 without FH; or  f(FH)= 0 with FH
f(DMRS) = -1, when PUCCH format3/4 with 2 DMRS is configured; or, f(DMRS) = 0, for others 

	3
	3
	

	4
	4.5
	


References
[1] [bookmark: _Ref446507216][bookmark: _Ref446506608][bookmark: _Ref446511358]Chairman’s note, 3GPP RAN1#91
[2] Chairman’s note, 3GPP RAN1#90bis
[3] 3GPP TS38.213-f00
[4] R1-1721581 
[5] 38.331-101
[6] 38.321-f00
[7] R1-1720361 Remaining Issues on UL Power Control, Samsung
[8] R1-082581 Range and representation of delta_TF_PUCCH, Ericsson
[9] R1-105859 Power control for PUCCH format 3, Ericsson
[10] R1-157283 Remaining details on new PUCCH format design for CA enhancement, Ericsson
[11] R1-1800110 Remaining details on beam management, ZTE, Sanechips


Appendix: Simulation results
Format 0:
[image: ][image: ]
Based on above simulation results, we can obtain the required SNR for PUCCH format 0. 
	Formats
	UCI Types
	# of symbols
	Req. SINR [dB]

	0
	SR only
	1 symbol
	5.5

	
	
	2 symbol w/o FH
	-0.5

	
	
	2 symbol w/ FH
	2

	
	1-bit HARQ-ACK
	1 symbol
	5.7

	
	
	2 symbol w/o FH
	0.5

	
	
	2 symbol w/ FH
	3.7

	
	1-bit HARQ-ACK + SR
(or 2-bit HARQ-ACK)
	1 symbol
	6

	
	
	2 symbol w/o FH
	0.8

	
	
	2 symbol w/ FH
	4.1

	
	2-bit HARQ-ACK + SR
	1 symbol
	6.4

	
	
	2 symbol w/o FH
	1.5

	
	
	2 symbol w/ FH
	4.6


Note: SR only case is under simulation assumption of 1 SR resource set. 
 Format 1:
[image: ][image: ][image: ][image: ]
[image: ][image: ]
Based on above simulation results, we can obtain the required SNR fitting curve for PUCCH format 1. 
	Formats
	UCI Types
	# of symbols
	Req. SINR [dB]

	1
	1~2 bit HARQ-ACK
	N symbol w/wo FH
	-10*log10(M_symbol) +4.5 + f(FH)


Note:  f(FH) = 3, when woFH; or,  f(FH)= 0,  when wFH
 Format 2: 
X_bit = 3~11, M_sym = 1~2, N_RB = 2
[image: ][image: ]
[image: ][image: ]
N_RB = 2~16, M_sym = 1~2, X_bit = 7
[image: ][image: ][image: ][image: ]
Based on above simulation results, we can obtain the required SNR fitting curve vs N_RB for PUCCH format 2. 
	Formats
	UCI Types
	# of symbols and RB
	Req. SINR [dB]

	2
	CSI(nbits)
	1 symbol,
2 symbol w/wo FH
4~16 RBs
	8log10(X_bits) – 10log(M_symbol) – 10log(N_RB) - 1+ f(FH)


Note:  f(FH) = 2, when woFH/  f(FH)= 0,  when wFH

 Format 3:
 M_symbol = [4 6 8 10 12],  X_bits = [3 6 9], N_RB = 2
· Without frequency hopping:
[image: ][image: ]
[image: ] [image: ]


· With frequency hopping:
[image: ][image: ][image: ][image: ]
M_symbol = 14, X_bits = [3 6 9 20 40 60 80 100]
[image: ][image: ]
[image: ]
Based on above simulation results, we can obtain the required SNR fitting curve vs X_bits, M_symbol and N_RB for PUCCH format 3. 
	Formats
	UCI Types
	Req. SINR [dB]

	3
	CSI(nbits)
	8log10(X_bits) – 10log(M_symbol) – 10log(N_RB) + 3 + f(FH) + f(DMRS)


Note:  
1. f(FH) = 2, when wo. FH; or, f(FH)= 0,  when w. FH
2. f(DMRS) = -1, when PUCCH format3/4 with 2 DMRS is configured; or f(DMRS) = 0, others 


 Format 4:
X_bits = 3~11，M_symbol = 11, N_RB = 1
[image: ][image: ]
[image: ]
M_symbol = 4~14, X_bits = 4，N_RB = 1, 1 DMRS
[image: ][image: ]M_symbol = 10~14, X_bits = 4，N_RB = 1, 2 DMRS
[image: ][image: ]
Fitting curve:
[image: ]


Based on above simulation results, we can obtain the required SNR fitting curve vs M_symbol for PUCCH format 4. 
	Formats
	UCI Types
	# of symbols and RB
	Req. SINR [dB]

	4
	CSI(nbits)
	1 symbol,
2 symbol w/wo FH
4~16 RBs
	8log10(X_bits) – 10log(M_symbol) – 10log(N_RB) +4.5+ f(FH)+f(DMRS) 


Note:  
1. f(FH) = 2, when woFH; or, f(FH)= 0,  when w. FH
2. f(DMRS) = -1, when PUCCH format3/4 with 2 DMRS is configured; or, f(DMRS) = 0, for others 
 Summarize
We can summarized the required SNR for Format 2/3/4 as below.
	Formats
	Required SNR(dB)

	2
	8*log10(X_bits) – 10*log(M_symbol) – 10*log(N_RB)  - 1 + f(FH)

	3
	8*log10(X_bits) – 10*log(M_symbol) – 10*log(N_RB)  + 3  + f(FH) + f(DMRS)

	4
	8*log10(X_bits) – 10*log(M_symbol) – 10*log(N_RB)  + 4.5 + f(FH) + f(DMRS)



 Simulation Assumption:
	Parameter
	Value

	Channel coding
	UCI bits<=11, Reed Müller (32, O), 
UCI bits>=12, Polar

	Channel estimation
	MMSE

	FFT size
	1024

	CP length
	144∙TS 

	Antenna Configuration
	1 Tx – 2 Rx (MRC)

	Channel model
	TDL-C with 300 ns RMS delay spread

	UE speed
	3 km/h

	Error request
	BLER = 0.01 
DTX->ACK = 0.01
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