3GPP TSG RAN WG1 Meeting #92	R1-1801591
Athens, Greece, February 26th – March 2nd, 2018

Source:	ZTE, Sanechips
Title:	Remaining details on NR power control in non-CA aspects
[bookmark: Source]Agenda Item:	7.1.6.1
Document for:	Discussion and Decision
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. Some more agreements were reached during RAN1 AH1801 meeting for power control, it is now clear for the power control framework for beam scenario. However, how to configure the power control parameters for no beam scenario is still pending. Besides that the ΔPUCCH_TF,c(i) for PUCCH also needs further refinement. Thus, 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. 
Issue #1: PathlossReferenceIndex indication for UL-TWG-type2
The agreement was achieved in RAN1 Meeting AH 1801 to add RRC parameter PathlossReferenceIndex at least for UL-TWG-type1. The PathlossReferenceIndex should also be explicitly indicated for UL-TWG-type2 due to the following reasons:
· The power control parameters of “p0-nominal-pusch-withoutgrant, p0alphasetindex, PUSCH-closed-loop-index” have been included in UL-TWG-type2 according to [4], it is natural to indicate PathlossReferenceIndex for UL-TWG-type2 instead of implicitly indication.
· In the current 38.331, power control parameters in ConfiguredGrantConfig is not configured for UL-TWG-type1 and UL-TWG-type2 separately, explicit indication of PathlossReferenceIndex for UL-TWG-type2 allows UL-TWG-type1 and UL-TWG-type2 share the same power control parameter configuration structure. 
Proposal-1: Add RRC parameter PathlossReferenceIndex also for UL-TWG-type2.
Issue #2: {j, k, l} configuration for no SRI cases
The method to configure power control parameters {j, k, l} to the UE for cases with SRI has been agreed. However, it is still unclear on how to configure power control parameters {j, k, l} to the UE for cases without SRI. Cases to address include: MSG3, grant based PUSCH without SRI, grant-free PUSCH.

For MSG3, the current 38.213 only specifies the method of how to obtain the open loop PC parameter for j = 0, but there is no illustration on PL RS configuration k and closed loop PC parameters l. Regarding PL RS configuration k for MSG3, it may be possible to specify that UE assumes the same PL RS configuration for MSG3 as for MSG1. Since the UE is not configured with any higher layer parameter,  is applied to MSG3 according to the current 38.213 which is fine.
Proposal-2: UE assumes the same PL RS configuration for MSG3 as for MSG1.
For grant based PUSCH when SRI is not present in no beam scenario, e.g. below 6GHz, SRI-P0AlphaSetIndex-Mapping, SRI-PathlossReferenceIndex-Mapping and SRI-PUSCHClosedLoopIndex-Mapping are still configured for grant based PUSCH, each of which has only one entry. 
For grant based PUSCH when SRI is not present due to fallback mode DCI format 0_0 in beam scenario, e.g. above 6GHz, there should be a set of default {j, k, l} for such case in addition to the setting of SRI-P0AlphaSetIndex-Mapping, SRI-PathlossReferenceIndex-Mapping and SRI-PUSCHClosedLoopIndex-Mapping for non fallback mode DCI format 0_1. 
It should be specified in 38.213 that when there is no SRI indication, P0, alpha should be indexed using the fixed entry, (e.g. the first) of the P0AlphaSetIndex in SRI-P0AlphaSetIndex-Mapping. And similar methods could be applied to k and l. 
Proposal-3: For grant based PUSCH when SRI is not present, SRI-P0AlphaSetIndex-Mapping, SRI-PathlossReferenceIndex-Mapping and SRI-PUSCHClosedLoopIndex-Mapping are  configured by RRC. 
Proposal-4: The following should be specified in 38.213:
· P0, alpha value is derived according to P0AlphaSetIndex in a predefined entry of SRI-P0AlphaSetIndex-Mapping. 
· PL RS configuration is derived according to PathlossReferenceIndex in a predefined entry of SRI-PathlossReferenceIndex-Mapping. 
· PUSCH closed loop index is derived according to PUSCHClosedLoopIndex in a predefined entry of SRI-PUSCHClosedLoopIndex-Mapping. 
For grant free PUSCH which includes UL-TWG-type1 configuration and UL-TWG-type2 configuration, the UL-TWG-type1 has no remaining issues on obtaining {j, k, l}. If proposal-1 is adopted, the method for UL-TWG-type2 is also clear which shares the same framework as that for UL-TWG-type1. In a word, j, k, and l are explicitly configured in higher layer parameter ConfiguredGrantConfig for either UL-TWG-type1 configuration or UL-TWG-type2 configuration.
TP 1: Capture the following changes in section 7.1.1 of 38.213. 
	· 








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 a set of higher layer parameters  p0-pusch-alpha-set in p0-push-alpha-setconfig 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. 
· 



A higher layer parameter SRI-P0AlphaSetIndex-Mapping, when provided, provides a mapping between a set of values for the SRI field in DCI format 0_1 [5, TS 38.212] and a set of p0alphasetindex values provided by higher layer parameter p0-push-alpha-setconfig. If the PUSCH transmission is scheduled by a DCI format 0_1 and if the DCI format 0_1 includes a SRI field, the UE determines the values of  and  from the p0alphasetindex value that is mapped to the SRI field value. If the PUSCH transmission is scheduled by a DCI format 0_0, or  the PUSCH transmission is scheduled by a DCI format 0_1 and the DCI format 0_1 doesn’t include a SRI field , the UE determines the values of  and  from p0alphasetindex value that is in the first entry of higher layer parameter SRI-P0AlphaSetIndex-Mapping. 

....
· 



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 in pusch-pathlossReference-rs-config. 
· 

A higher layer parameter SRI-PathlossReferenceIndex-Mapping, when provided, provides a mapping between a set of values for the SRI field in DCI format 0_1 and a set of pusch-pathlossreference-index values provided by higher layer parameter pusch-pathlossReference-rs-config. If the PUSCH transmission is scheduled by a DCI format 0_1 and if the DCI format 0_1 includes a SRI field, the UE determines the reference signal (RS) resource  from the value of pusch-pathlossreference-index that is mapped to the SRI field value. If the PUSCH transmission is scheduled by a DCI format 0_0, or  the PUSCH transmission is scheduled by a DCI format 0_1 and the DCI format 0_1 doesn’t include a SRI field, the UE determines the reference signal (RS) resource  from the value of pusch-pathlossreference-index in the first entry of higher layer parameter SRI-PathlossReferenceIndex-Mapping. 
· 
For a PUSCH (re)transmission corresponding to a UL-TWG-type1 or UL-TWG-type2 configuration, a reference signal (RS) resource  is provided by higher layer parameter UL-TWG-pathlossreference-index. 
· UE assumes the same PL RS configuration for MSG3 as for MSG1.
...

· 


For the PUSCH power control adjustment state for carrier  of serving cell  in PUSCH transmission period 
· 



is a correction value, also referred to as a TPC command, and is included in a PDCCH with DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission period  on carrier  of serving cell  or jointly coded with other TPC commands in a PDCCH with DCI format 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI that is last received by the UE prior to the PUSCH transmission;
· 

 if the UE is configured with higher layer parameter num-pusch-pcadjustment-states; otherwise, . 
· 
 For a PUSCH (re)transmission corresponding to a UL-TWG-type1 configuration or a UL-TWG-type2 configuration, the value of  is provided to the UE by higher layer parameter PUSCH-closed-loop-index;
· 


A higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping, when provided, provides a mapping between a set of values for the SRI field in DCI format 0_1 and the  value(s). If the PUSCH transmission is scheduled by a DCI format 0_1 and if DCI format 0_1 includes a SRI field, the UE determines the  value that is mapped to the SRI field value; If the PUSCH transmission is scheduled by a DCI format 0_0, or  the PUSCH transmission is scheduled by a DCI format 0_1 and the DCI format 0_1 doesn’t include a SRI field,  the UE determines the  value that is  in the first entry of higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping.




Issue #3: reset accumulation f(i, l)
The current 38.213 describes the operation of reset accumulation f(i, l) as follows:
	· 

A UE can reset accumulation for carrier  of serving cell 
· 
When  value is changed by higher layers;
· 

When  value is received by higher layers and serving cell  is a secondary cell;
· 
When  value is changed by higher layers.



The word "can" should be replaced by "shall". if "can" is used, UE could choose not to reset f(i, l) which is a little confusing.
TP 3: Capture the following changes in section 7.1.1 of 38.213. 
	· 

A UE can shall reset accumulation for carrier  of serving cell 
· 
When  value is changed by higher layers;
· 

When  value is received by higher layers and serving cell  is a secondary cell;
· 
When  value is changed by higher layers.




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.
Issue #1: the index of P0-PUCCH set
In 38.213 [3], P0 for PUCCH is depicted as follows.
	· 








 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. 
· A higher layer parameter P0PUCCHIndex-Mapping, when provided, provides a mapping between a set of PUCCH-Spatial-relation-info values and a set of P0-PUCCH values provided by higher layer parameter p0-pucch-set. If the UE receives an activation command [11, TS 38.321] indicating a value of PUCCH-Spatial-relation-info, the UE determines the value of P0-PUCCH that is mapped to the PUCCH-Spatial-relation-info value. 



The higher layer parameter P0PUCCHIndex-Mapping is more likely to configure the relation between the index of the higher layer parameter p0-pucch-set and the candidate PUCCH-Spatial-relation-info. P0AlphaSetIndex is used to identify p0-pusch-alpha-set, similarly p0-pucch-set should also have p0PucchSetIndex.
Proposal-5: Introduce higher layer parameter p0PucchSetIndex to identify p0-pucch-set in RRC parameter list.

Issue #2: {j, k, l} configuration for no PUCCH-Spatial-relation-info case
If one or more PUCCH-Spatial-relation-info are configured, the MAC layer activation command is used to indicate one among them, then the UE determines the value of P0-PUCCH through the higher layer parameter P0PUCCHIndex-Mapping. However, it is still unclear on how to configure power control parameters j, k, l to UE for PUCCH without PUCCH-Spatial-relation-info. 
Similar to the case of PUSCH without SRI, it is recommended to explicitly configure {j, k, l} as a default setting.
Proposal-6: For PUCCH when PUCCH-Spatial-relation-info is not configured, P0PUCCHIndex-Mapping, PathlossReferenceIndex-Mapping and PUCCHClosedLoopIndex-Mapping are configured by RRC.. 
Proposal-7: The following should be specified in 38.213:
· P0-PUCCH value is derived according to  P0PUCCHIndex in a predefined entry of P0PUCCHIndex-Mapping.
· PL RS configuration is derived according to PathlossReferenceIndex in a predefined entry of PathlossReferenceIndex-Mapping. 
· PUCCH closed loop index is derived according to PUCCHClosedLoopIndex in a predefined entry of PUCCHClosedLoopIndex-Mapping. 
TP 4: Capture the following changes in section 7.2.1 of 38.213. 
	· 








 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. 
· A higher layer parameter P0PUCCHIndex-Mapping, when provided, provides a mapping between a set of PUCCH-Spatial-relation-info values and a set of P0-PUCCH values provided by higher layer parameter p0-pucch-set. If the UE receives an activation command [11, TS 38.321] indicating a value of PUCCH-Spatial-relation-info, the UE determines the value of P0-PUCCH that is mapped to the PUCCH-Spatial-relation-info value. If there is no activation command indicating a value of PUCCH-Spatial-relation-info, the UE determines the value of P0-PUCCH using the first entry of higher layer parameter P0PUCCHIndex-Mapping.
· 





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. 
· A higher layer parameter PathlossReferenceIndex-Mapping, when provided, provides a mapping between a set of PUCCH-Spatial-relation-info values and a set of pucch-pathlossreference-index values provided by higher layer parameter pucch-pathlossReference-rs-config. If the UE receives an activation command [11, TS 38.321] indicating a value of PUCCH-Spatial-relation-info, the UE determines the value of pucch-pathlossreference-index that is mapped to the PUCCH-Spatial-relation-info value. If there is no activation command indicating a value of PUCCH-Spatial-relation-info, the UE determines the value of pucch-pathlossreference-index that is in the first entry of higher layer parameter PathlossReferenceIndex-Mapping.

...
· 


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;
· 

A higher layer parameter PUCCHClosedLoopIndex-Mapping, when provided, provides a mapping between a set of PUCCH-Spatial-relation-info values and the  value(s). If the UE receives an activation command [11, TS 38.321] indicating a value of PUCCH-Spatial-relation-info, the UE determines the value of  that is mapped to the PUCCH-Spatial-relation-info value.  If there is no activation command indicating a value of PUCCH-Spatial-relation-info, the UE determines l that is in the first entry of higher layer parameter PUCCHClosedLoopIndex-Mapping.




Issue #3: About ΔPUCCH_TF,c(i)
In RAN1#90bis meeting and RAN1 AH1801 meeting, agreements about ΔPUCCH_TF,c(i) are 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.

The delta function ΔTF,f,c(i) for PUCCH formats 0 and 1 is as follows,
· ΔTF,f,c(i) = 10 log10( ),   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



After comprehensive simulation evaluation, the following observation has been reached. Evaluation assumption, simulation results and detailed analysis can be found in appendix.
· 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]For PUCCH format 0 and format 1, it has been agreed to adopt , besides that the number of UCI bits does not have a great influence according to simulation results provided in Section 5.1, so PUCCH transmission power will not depend on the number of respective UCI bits. 
· For PUCCH format 2/3/4, some detailed simulation results can be found in the Section XX-XX, where it is observed that ΔPUCCH_TF,c(i) is the function of Nsymbol(i) and MPUCCH,c(i) besides BPRE taking into account frequency diversity gain, and so some modification to introduce the sub-function of Nsymbol(i) and MPUCCH,c(i) according to LTE is necessary. 
Observation 1:.  For PUCCH format 0 and format 1, PUCCH transmission power shall not depend on the number of respective UCI bits. 
Proposal-8:: To support ΔF_PUCCH(F) as in Table3 for PUCCH format 0 and format 1 according to the simulation results. 
Table 3 ΔF_PUCCH(F) and ΔPUCCH_TF,c(i) for PUCCH format 0/1
	Format
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	0
	3
	


	1
	-7
	



Proposal-9: ΔPUCCH_TF,c(i) as in Table 4 is supported for PUCCH format 2/3/4, and meanwhile 10log10(MPUCCH,c(i)) is introduced into the formula of PUCCH power control.
Table 4 ΔF_PUCCH(F) and ΔPUCCH_TF,c(i)for PUCCH format 2/3/4
	Format
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	2
	6
	


	3/4
	4
	



Notes: , for Format2

, for Format3/4
· 
where  denotes the number of symbols excluding DMRS in the associated PUCCH 
Conclusions
In this contribution, we provide TPs on NR power control for remaining issues to the current NR specifications. Also some proposals about power control framework and observations about ΔPUCCH_TF,c(i) are summarized as follows.
Proposal-1: Add RRC parameter PathlossReferenceIndex also for UL-TWG-type2.
Proposal-2: UE assumes the same PL RS configuration for MSG3 as for MSG1.
Proposal-3: For grant based PUSCH when SRI is not present, SRI-P0AlphaSetIndex-Mapping, SRI-PathlossReferenceIndex-Mapping and SRI-PUSCHClosedLoopIndex-Mapping are  configured by RRC. 
Proposal-4: The following should be specified in 38.213:
· P0, alpha value is derived according to P0AlphaSetIndex in a predefined entry of SRI-P0AlphaSetIndex-Mapping. 
· PL RS configuration is derived according to PathlossReferenceIndex in a predefined entry of SRI-PathlossReferenceIndex-Mapping. 
· PUSCH closed loop index is derived according to PUSCHClosedLoopIndex in a predefined entry of SRI-PUSCHClosedLoopIndex-Mapping. 
[bookmark: _GoBack]Proposal-5: Introduce higher layer parameter p0PucchSetIndex to identify p0-pucch-set in RRC parameter list.
Proposal-6: For PUCCH when PUCCH-Spatial-relation-info is not configured, P0PUCCHIndex-Mapping, PathlossReferenceIndex-Mapping and PUCCHClosedLoopIndex-Mapping are configured by RRC.. 
Proposal-7: The following should be specified in 38.213:
· P0-PUCCH value is derived according to  P0PUCCHIndex in a predefined entry of P0PUCCHIndex-Mapping.
· PL RS configuration is derived according to PathlossReferenceIndex in a predefined entry of PathlossReferenceIndex-Mapping. 
· PUCCH closed loop index is derived according to PUCCHClosedLoopIndex in a predefined entry of PUCCHClosedLoopIndex-Mapping. 
Observation 1:.  For PUCCH format 0 and format 1, PUCCH transmission power shall not depend on the number of respective UCI bits. 
Proposal-8:: To support ΔF_PUCCH(F) as in Table3 for PUCCH format 0 and format 1 according to the simulation results. 
Table 3 ΔF_PUCCH(F) and ΔPUCCH_TF,c(i) for PUCCH format 0/1
	Format
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	0
	3
	


	1
	-7
	


Proposal-9: ΔPUCCH_TF,c(i) as in Table 4 is supported for PUCCH format 2/3/4, and meanwhile 10log10(MPUCCH,c(i)) is introduced into the formula of PUCCH power control.
Table 4 ΔF_PUCCH(F) and ΔPUCCH_TF,c(i)for PUCCH format 2/3/4
	Format
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	2
	6
	


	3/4
	4
	



Notes: , for Format2

, for Format3/4
· 
where  denotes the number of symbols excluding DMRS in the associated PUCCH 
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Appendix: Simulation results
Format 0
[image: ][image: ]
Fig5.1 BLER of PUCCH Format0
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
	2

	
	
	2 symbol w/ FH
	-0.5

	
	1-bit HARQ-ACK
	1 symbol
	5.7

	
	
	2 symbol w/o FH
	2.8

	
	
	2 symbol w/ FH
	0.5

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

	
	
	2 symbol w/o FH
	3.5

	
	
	2 symbol w/ FH
	0.8

	
	2-bit HARQ-ACK + SR
	1 symbol
	6.4

	
	
	2 symbol w/o FH
	3.2

	
	
	2 symbol w/ FH
	1.5


Note: SR only case is under simulation assumption of one SR resource set. 


Format 1
[image: ][image: ]
Fig 5.2 PUCCH Format 1: reqSNR vs. M_symbol
As shown in Fig 5.2, it can be observed that PUCCH Format1 of 2-bit  case is the basically same as 1-bit case when FH is disabled, and the 2-bit  case has up to 0.5dB SNR gap over the 1bit case when FH is enabled. 

Format 2

In this simulation, we evaluated PUCCH format 2 with 2 symbols and [1 2 4 8 12] RBs. The UCI bit length ranged in [12 15 18 20 40 60]. BPRE is defined as , where 1/3 RE is used by DMRS for each RB.
According to simulation results, we have the following two fitting formulas as shown in Fig.5.2. 

LTE formula (in blue)		 	:  

LTE modified formula (in red)	 	: 
[image: ]
Fig5.2 Format2, Simulated vs. fitting


In Fig5.2, it can be observed that the simulation results and the fitting of LTE formula are closed but still have up to 1.8dB gap, especially for 2-RB case. With the optimization of introducing the function of  and   for compensating diversity gain, the modified formula could obtain no more than 1dB gap for all simulated cases. 
Format 3
In this simulation, we evaluated PUCCH format 3 with [4 8 14] symbol, and [1 2 4 8 12] RBs. The UCI bit length ranged in [12 16 20 40 80 120 240]. BPRE is defined as follows



where denotes the number of symbols excluding DMRS in the associated PUCCH.
According to simulation results, we have the following two fitting formulas as shown in Fig.5.3. 

LTE formula		 	:  

LTE_modified formula	 : 
[image: ]
[image: ]
[image: ]
Fig5.3 Format3, Simulated vs. fitting
[bookmark: OLE_LINK18]As shown in Fig5.3, it can be observed that the simulation results and the fitting of LTE formula still have distinct gap (up to 4dB), especially for 12RB/4symbol and 1RB/14 symbol case. After optimization, the modified formula could obtain less than 1dB gap for all simulated cases. 
Summary
We can summarized the required SNR illustrated by ΔF_PUCCH(F) and ΔPUCCH_TF,c(i) for Format 2/3/4 as below:
	Format
	ΔF_PUCCH(F) [dB]
	ΔPUCCH_TF,c(i) [dB]

	2
	6
	


	3/4
	4
	



Notes: , for Format2

, for Format3/4
· 
where  denotes the number of symbols excluding DMRS in the associated PUCCH 
Simulation Assumption
	Parameter
	Value

	Channel coding
	3＜UCI bits≤11, Reed Müller (32, O), 
11＜UCI bits≤19 , Polar + CRC6
UCI bits≥20, Polar + CRC11

	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(for Format 0/1) 
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