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Introduction
In RAN1#92bis, several power control aspects for non-CA were agreed in the following,

Agreement
Definition of PUSCH open-loop parameter j=0 should also include Msg3 transmission in the RRC_CONNECTED state

Agreement
For PUSCH Msg3 in the RRC_CONNECTED state, UE shall use the SSB or CSI-RS associated with the PRACH for the pathloss measurement

Agreement
For PUSCH Msg3 and UE in RRC_CONNECTED state, if the UE is configured with more than one closed-loop process for PUSCH, the CL-PC index shall be fixed to l=0.   

Agreement
For PUCCH without high layer parameter PUCCH-Spatial-relation-info, the closed loop index l should also be set to a fixed value, i.e., l=0.

Agreement:
Single K1 value is supported for PUCCH power control
· The value will be decided in RAN1#93

Agreement
Single K2 value is supported for PUCCH power control
· The value will be decided in RAN1#93


Agreement: 
UE uses one selected SSB or CSI-RS resource among SSB(s) and CSI-RS resource(s) associated with indicated RACH resource(s) in the handover message for pathloss estimation for PRACH during handover.

Agreement:
· For group-common TPC command in DCI format 2-2, both closed loops can be adjusted dynamically

Working Assumption
For group-common TPC command in DCI format 2-2, 
One bit closedloopindex field is present along with the TPC command in the DCI format 2_2 to indicate which closed loop the TPC command applies to
· When a UE is configured with 1 closed loop, the bit closedloopindex field is NOT present.
· When a UE is configured with 2 closed loops, the bit location of closedloopindex field follows the 2 bit TPC command.
Notes: UE assumes that the start bit of the TPC command is X*tpc_index, where X=3 if configured with 2 closed-loop process, otherwise X=2.

 The detailed delta function ΔTF,f,c(i)to adjust the coding gain of PUCCH formats 2/3/4 were agreed and captured in the CR [2].  This contribution discusses remaining issues of power control of non-CA and text proposal on k1 and k2 value delta function  ΔTF,f,c(i) for PUCCH formats 2/3/4.   

Linkage of Power Control Parameters (j,k,l) for PUSCH When SRI Is Not Present
 
In RAN1 NR AH #1801, the linkage of power control parameters (j,k,l) with the presence of SRI was agreed based on higher layer configured parameters SRI-PUSCHPowerControl-Mapping.   The semi-static configured parameter SRI-PUSCHPowerControl-Mapping IE contains 3 information elements: they are SRI-PathlossReferenceIndex-Mapping (k), SRI-P0AlphaSetIndex-Mapping (j), and SRI-PUSCHClosedLoopIndex (l).  The parameters of UE transmit beamforming, the associated receive beamforming at the gNB with respected to the DL beam, and the close-loop power control used for the link adaptations are all included in the configuration of each SRI entry.   
In RAN1#92, the following working assumptions were made for single configuration of DL RS, P0/alpha, and closed-loop when the SRI field is not present in the DCI,  
Working Assumption
For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
Note that depending on the further agreement on the MIMO session, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered.

The linkage of the PUSCH power control parameters (j,k,l) in multi-beam configuration needs to be identified when UE is capable of established DL/UL beam correspondent and SRI is not present.   The index j is associated with the UE-specific component of SINR target power P0 and the fractional pathloss compensation factor α.  The UE-specific SINR target component P0 would be specified for each service type, such as grant based transmission, SPS transmission or RACH Msg3.  For each service type, P0 and the associated α are semi-statically configured by RRC.  Different services would be transmitted at different slot.  It implies that P0 and the associated α would be determined by the type service, such as grant base, SPS, or RACH Msg3, transmitted on PUSCH at a given slot when SRI is not present.  For grant base PUSCH transmission, more than one P0 and the associated α could be configured for the UE.  The lowest index of P0 and the associated α should be set as the default P0 and the associated α for grant base PUSCH transmission when SRI is not present.   
Proposal 1:  When SRI is not present, P0 and the associated α is determined by the type service, such as grant base, SPS, or RACH Msg3, transmitted on PUSCH at a given slot. The lowest index of P0 and the associated α should be set as the default P0 and the associated α for grant base PUSCH transmission when SRI is not present and multiple P0 and the associated α values are configured.  
In multi-beam configuration, multiple DL reference signals are semi-statically configured by RRC as the reference for path loss measurements.  If UE can achieve DL/UL beam correspondence without SRI, UE would transmit the best UL beam for the associated DL beam.  The associated DL beam is the beam with the CORESET, where UE receives the UL grant.  The beam management RS of the associated DL beam, which is either CSI-RS or SS block, could be used as the reference signals for the path loss estimation of PUSCH power control.  If SRI is not present, UE should use the beam management RS of the associated DL beam, where UE decodes the UL grant for the scheduled PUSCH transmission, as the reference signal for the pathloss estimation. 
Up to 2 closed-loop power controls was agreed in RAN1#90bis with the following aspects
· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH
· slot sets (if supported)
· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination

If UE is configured with two closed-power control loops without SRI configuration, UE needs to know the exact power setting of PUSCH transmission when UE receives the TPC comment from the PDCCH.   When UE can achieve the DL/UL beam correspondence without explicit indication from SRS resource indication (SRI), UE should set the associated DL beam as the beam that UE receives the UL grant and TPC command.  The beam management RS of the associated DL beam is used for the reference signals for the path loss estimation as discussed aforementioned.  If two power control loops are configured for the UE without SRI, each DL beam management RS, such as CSI-RS or SS block, should link to one of two closed-loop power control loops by RRC.  
Proposal 2: If SRI is not present, UE should use the beam management RS of the associated DL beam, where UE decodes the UL grant for the scheduled PUSCH transmission, as the reference signal for the pathloss estimation. If two power control loops are configured for the UE without SRI, power control loop 0 should be used as the default if no linkage between DL RS and closed-loop power control loop.  
Linkage of Power Control Parameters (j,k,l) for PUCCH When PUCCH-Spatial-relation-info Is Not Present

In RAN1#92, the default references were agreed  with single configuration of DL RS, P0/alpha, and closed-loop when the field PUCCH-Spatial-relation-info is not present  as follows,  
Agreement
For the case of PUCCH without PUCCH-Spatial-relation-info, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pucch-pathlossreference-index=0  of pucch-pathloss-Reference-rs (i.e., q_d =0), where only one DL RS for path loss is configured
· P0 is given by, the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0), where only one entry of p0-pucch-set is configured;
· FFS: Closed loop index l=0

In multi-beam configuration, multiple DL reference signals are semi-statically configured by RRC for L1 pathloss estimation and DL beam managements.  If UE can achieve DL/UL beam correspondence without PUCCH-Spatial-relation-info, UE would transmit the best UL beam for the associated DL beam.  The associated DL beam is the beam where PDSCH is transmitted.  If TCI (Transmission Configuration Indication) field is present in the DCI, the associated DL beam is the beam indicated by the TCI for the PDSCH transmission.  UE would use the DL beam management RS, which is either CSI-RS or SS block, of the associated DL beam as the reference signals for pathloss measurement of PUCCH power control.  If the TCI is not present in the DCI, the PDSCH transmission would be on the beam where UE receives the DL assignment for the PDSCH transmission.  The associated DL beam would be the DL beam where the CORESET is configured with target DL assignment included in the DCI.  The DL beam management RS of the associated DL beam could be used as the reference signals for the path loss estimation of PUCCH power control.  
Proposal 3:  If PUCCH-Spatial-relation-info is not present in the MAC header, the beam management RS of the associated DL beam is used as the reference signal for the path loss measurements in multi-beam configuration.  The associated DL beam is the DL beam that PDSCH is transmitted.  When TCI is present in the DCI, the associated DL beam is the beam indicated by the TCI.   If TCI is not present in the DCI, the associated DL beam would be the DL beam where the CORESET is configured with target DL assignment included in the DCI.   
If UE is configured with two closed-power control loops without SRI configuration, UE needs to know the exact power setting of PUCCH transmission when UE receives the TPC comment from the PDCCH.   When UE can achieve the DL/UL beam correspondence without explicit indication from PUCCH-Spatial-relation-info, UE should set the associated DL beam where PDSCH is transmitted indicated by the TCI field in the DCI.  If TCI is not present in the DCI, the associated DL beam as the beam that UE receives the DL assignment and TPC command.  The beam management RS of the associated DL beam is used for the reference signals for the path loss estimation as discussed aforementioned.  If two power control loops are configured for the UE without explicit PUCCH-Spatial-relation-info from MAC IE, each DL beam management RS, such as CSI-RS or SS block, should link to one of two closed-loop power control loops by RRC.  If no linkage, the default closed-loop l= 0 should be used.   Similar, each DL beam management RS should have one associated P0 configured for PUCCH power control.   
Proposal 4: If two power control loops are configured for the UE without explicit PUCCH-Spatial-relation-info from MAC IE, each DL beam management RS, such as CSI-RS or SS block, should have one associated P0 configured for PUCCH power control and l=0 is used as the default closed-loop power control loop.     

PUCCH Power Control Formula and Remaining Details

The power control formula for PUCCH in the following  was specified in TS38.213v15.1.0 [1] with the exception of details of delta function ΔTF,b,f,c(i) for PUCCH formats 2/3/4.   



[dBm]
The delta function ΔTF,b,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,b,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,b,f,c(i) of each PUCCH format is set to meet the required SINR.  The delta function ΔTF,b,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,b,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,b,f,c(i).    
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,b,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.    
In RAN1#92, the delta function ΔTF,b,f,c(i) for 
Agreement:
· For PUCCH format 2, 3, and 4, for the case of small UCI payload size (less than or equal to 11)
· ΔPUCCH_TF,c(i) = 10log10(K2∙BPRES(i)) where
· BPRES(i) = OUCI(i)/NRE(i)
· OUCI(i) is the actual number of UCI bits transmitted in i excluding the known bits as in LTE
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K2 (there is no new RRC parameter introduced)
Agreement:
For the case of large UCI payload size (greater than 11), ΔPUCCH_TF,c(i) is equal to ΔPUCCH_TF,c(i) = 10log10(2K1∙BPRE(i) – 1)
· BPRE(i) = OUCI(i)/NRE(i) 
· OUCI(i) is the number of UCI bits including CRC bits in i 
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K1 (there is no new RRC parameter introduced)

For  2 < OUCI ≦11 bits, RM code is used.  The evaluations of the delta function ΔTF,b,f,c(i) for PUCCH format 2/3/4 with RM code include frequency hopping and non-frequency hopping cases.  
· ΔTF,b,f,c(i) =10 log10 (k2*BPREs(i))    where
·  
· NRE (i) is MPUCCH,c(i) * number of subcarriers per PRB * number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· OUCI(i) is the number of UCI bits including CRC bits in i 

Polar code is used with 6-bit CRC for 12 ≦ OUCI ≦19 bits and with 11-bit CRC for 19 < OUCI.  The delta function ΔTF,b,f,c(i) is a non-linear function of UCI payload size and number of REs used to carry UCI bits.   The evaluations of the delta function ΔTF,f,c(i) for PUCCH format 2/3/4 with Polar code include frequency hopping and non-frequency hopping cases.  The delta function ΔTF,f,c(i) based on the simulation results and curve fitting for PUCCH format 2 and formats 3/4 shown in Figure 6 to Figure 13 are as follows,
· ΔTF,b,f,c(i) =10log10(2K1∙BPRE(i) – 1)
·  
· OUCI(i) is the number of UCI bits including CRC bits in i 
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones


For small UCI payload with RM codes, the scaling factor K2 in the delta function ΔTF,b,f,c(i) could be moved out as the individual function as follows,

ΔTF,b,f,c(i) =10 log10 (k2*BPREs(i)) = 10 log10(k2)+10log10(BPREs(i))= k2’+10log10(BPREs(i))


The k2’ value could be incorporated in the P0 value.   Since the P0 value is configured for each PUCCH format, the P0 value should be the same for small UCI payload with RM coding and large UCI payload with Polar coding.   

It was agreed in RAN#92bis that Single K1 and K2 values are supported for PUCCH power control.  The delta function ΔTF,b,f,c(i) based on the simulation results and curve fitting for PUCCH format 2/3/4 are shown in Figure 1with the curve fitting scaling factor K1 and K2 as follows,

· For RM coding: ΔTF,b,f,c(i) =10 log10 (k2*BPREs(i)),   K2 = 5.13
· For Polar coding: ΔTF,b,f,c(i) =10log10(2K1∙BPRE(i) – 1),  K1= 2.41



[image: ]
[bookmark: _Ref513141220]Figure 1: Simulation results and curve fitting of k1 and k2 values


Proposal 5: The k1 an k2 value of the delta function ΔTF,b,f,c(i) are k1 = 2.41 and k2=5.13 respectively for PUCCH format 2/3/4 with and without frequency hopping.  

Power Adjustment for Out-of-order Scheduling
NR supports both slot and mini-slot based scheduling.  Two types of UE processing time are also supported with normal and aggressive processing time.  Different type of UE processing time would be used for different applications, such as eMBB and URLLC.   With different scheduling type and UE processing time, it is possible to have out-of-order scheduling, which the PUSCH transmits before the other PUSCH with UL grant receiving earlier as shown in Figure 2.    In RAN1#92bis, the power adjustment for out-of-order scheduling was discussed in [4].  The PUSCH transmission in slot i is based on the UL grant received at slot (i-1) and PUSCH transmission in slot (i+1) is based on the UL grant received at slot (i-2).    Each UL grant includes a TPC command for the power adjustment.  The TPC command for the power adjustment is set based on the prior PUSCH transmission.  For out-of-order scheduling shown in Figure 2, the PUSCH transmission at slot (i+1) is based on the TPC command included in the UL grant received at the slot (i-2), which is based on the closed-loop power control of the PUSCH transmission prior to slot (i-1).   With out-of-order scheduling, the PUSCH transmission power is adjusted at slot i based on the TPC command received at slot (i-1).  The issue is whether the PUSCH power adjustment at slot (i+1) is based on the PUSCH power at slot (i-2) or updated PUSCH power at slot i.   Since the closed-loop power control is to control the long-term link quality, the power setting within a few slot should be compatible with out-of-order scheduling.   The power adjustment with TPC command should be based on latest PUSCH transmission power, which is the updated PUSCH power at slot i shown in Figure 2.  
Proposal 6: The power adjustment with TPC command should be based on latest PUSCH transmission power for out-of-order scheduling


[bookmark: _Ref513155532]Figure 2:  Out-of-order PUSCH transmissoin
Conclusion: 
In this contribution, we perform the analysis of PUSCH without SRI in multi-beam configuration with the following proposals,
· Proposal 1:  When SRI is not present, P0 and the associated α is determined by the type service, such as grant base, SPS, or RACH Msg3, transmitted on PUSCH at a given slot. The lowest index of P0 and the associated α should be set as the default P0 and the associated α for grant base PUSCH transmission when SRI is not present and multiple P0 and the associated α values are configured.  
· Proposal 2: If SRI is not present, UE should use the beam management RS of the associated DL beam, where UE decodes the UL grant for the scheduled PUSCH transmission, as the reference signal for the pathloss estimation. If two power control loops are configured for the UE without SRI, power control loop 0 should be used as the default if no linkage between DL RS and closed-loop power control loop.  
· Proposal 3:  If PUCCH-Spatial-relation-info is not present in the MAC header, the beam management RS of the associated DL beam is used as the reference signal for the path loss measurements in multi-beam configuration.  The associated DL beam is the DL beam that PDSCH is transmitted.  When TCI is present in the DCI, the associated DL beam is the beam indicated by the TCI.   If TCI is not present in the DCI, the associated DL beam would be the DL beam where the CORESET is configured with target DL assignment included in the DCI.   
· Proposal 4: If two power control loops are configured for the UE without explicit PUCCH-Spatial-relation-info from MAC IE, each DL beam management RS, such as CSI-RS or SS block, should have one associated P0 configured for PUCCH power control and l=0 is used as the default closed-loop power control loop.     
· Proposal 5: The k1 an k2 value of the delta function ΔTF,b,f,c(i) are k1 = 2.41 and k2=5.13 respectively for PUCCH format 2/3/4 with and without frequency hopping.  
· Proposal 6: The power adjustment with TPC command should be based on latest PUSCH transmission power for out-of-order scheduling
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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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