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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. Further agreements were reached during the following meetings. Regarding power control, it is now clear for the power control framework for beam scenario. The issues on how to configure the power control parameters for no beam scenario have almost been solved except one remaining FFS issue. The format of ΔPUCCH_TF,c(i) for PUCCH has also been agreed, with K1 and K2 values TBD. Thus, we provide our viewpoints on such pending issues in non-CA aspects in this contribution.
Discussion
Issue #1: l configuration for the case of PUCCH without PUCCH-Spatial-relation-info
In RAN1 #92 meeting, the relevant agreement was reached 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


For the case of PUCCH without PUCCH-Spatial-relation-info, the closed loop index l should also be set to a fixed value, e.g. 0. The reasons for this preference are listed as follows: 
· First, how to use different l’s has not been clearly agreed yet. Different l’s could be configured for different beams respectively which are reflected to spatial-relation for PUCCH. In this case, there is no need to support two l’s for no PUCCH-Spatial-relation-info case. Or, different l’s could be configured for different PUCCH formats respectively, such as long PUCCH and short PUCCH. In this case, the issue is very similar to the l configuration for PUSCH without SRI, where both grant based PUSCH and grant free PUSCH need to be supported. Since PUSCH only supports one l when no SRI is configured, one l is enough for PUCCH without PUCCH-Spatial-relation-info.
· Second, there seems no benefit to configure two l’s for the case of PUCCH without PUCCH-Spatial-relation-info, with only one q_d and one q_u as agreed above. 
Proposal-1: For the case of PUCCH without PUCCH-Spatial-relation-info, the closed loop index l should also be set to a fixed value, e.g. 0.
Issue #2: l in DCI format 2-2

DCI format 2_2 is used for TPC commands for PUCCH and PUSCH. When UE is configured with one closed loop, the agreement is made as follows in RAN1 #92 meeting. However, when  is configured, how many TPC command fields for one UE in a DCI format 2-2 and if only one TPC command is carried in a DCI format 2-2 which closed loop it should apply to are still pending.
	Agreement:
For group-common TPC command in DCI format 2-2, when a UE is not configured with 2 closed loops, NR uses the same approach as LTE (i.e. TPC_index is configured by higher layers and used by the UE to determine the location of the TPC command in the DCI)
· New RRC parameter needs to be introduced


If TPC command in DCI format 2-2 is only for grant free PUSCH transmission, one l seems sufficient. But such limitation is actually not reasonable. Even when there is no grant based PUSCH transmission for a long time which means there is no UE specific DCI and no UE specific TPC command, but it still makes sense to indicate TPC command for grant based PUSCH transmission because virtual PHR always needs a continue updating f(i, l). In such case, grouped TPC command DCI format 2-2 is useful to grant based PUSCH transmission. 
So DCI format 2-2 should support l=0 or l=1 or l={0, 1} when necessary for two closed loops configuration.
Generally, there are following alternatives to fulfill the requirement.
· Alt1: DCI format 2-2 includes the same number of TPC command fields as the number of l configured per CC per UE. No explicitly additional indication for l in RRC or in DCI format 2-2.
· Pros: no overhead for l indication
· Cons: low flexibility, large overhead for TPC command field in DCI
Alt1 can not support TPC command for only one l. DCI format 2-2 does not always need to contain full TPC command for all l’s, e.g. when only one l for grant free PUSCH transmission needs to be updated in a period during which regular UE specific DCIs could carry TPC commands for grant based PUSCH transmission. But when there is no proper UE specific DCI could be used for TPC command for grant based PUSCH, gNB could use DCI format 2-2 to indicate TPC command for grant based PUSCH transmission. 
· Alt2: Use RRC signaling to indicate l for DCI format 2-2. For example RRC signaling configures l=0, or l=1, or two l for TPC commands in DCI format 2-2 for PUSCH. No need to indicate l in DCI format 2-2.
· Pros: low overhead for l indication
· Cons: low flexibility
Alt2 can not support l changing in DCI format 2-2 dynamically.
· Alt3: Attach 1 bit in DCI format 2-2 when two l’s are configured.
· Pros: high flexibility
· Cons: extra overhead for l indication in DCI
Alt3 can support l changing in DCI format 2-2 dynamically.
Among these alternatives, we slightly prefer alt3 which is most flexible.
Proposal-2: For group-common TPC command in DCI format 2-2, when UE is configured with 2 closed loops
· closedloopindex along with TPC command is explicitly present in the DCI, where only one DCI field is present.
In addition, when group common TPC command and scheduled TPC command are received within one slot, the spec should specify which one is valid. We suggest to apply the similar solution to LTE where group common TPC command has lower priority.
Proposal-3: Scheduled TPC command has higher priority compared with group common TPC command when both of them are received within one slot.
TP 1: Capture the following change in section 7.1.1 of 38.213.
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· 




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 UL BWP  of 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;
· 

If the UE is provided a higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping, the UE obtains 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 by a DCI format 0_1 that does not include a SRI field, or if a higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping is not provided to the UE, .
· 



If a UE detected multiple TPC commands within one slot, the UE shall use the TPC command included in a PDCCH with DCI format 0_0 or DCI format 0_1 which schedules PUSCH transmission period  on UL BWP  of carrier  of serving cell .




Issue #3: PRACH is associated with multiple CSI-RS resources
In RAN1 #92 meeting, an agreement was reached as follows for PRACH.
	Agreement:
When PRACH is associated with CSI-RS resource(s), the pathloss measurement for PRACH is based on one of the associated CSI-RS resource.
· FFS: Which of the associated CSI-RS is used if there are multiple resources associated


RRC signaling configures the association between PRACH and CSI-RS resource(s), which is like the association between PRACH and SSB(s). If gNB could recommend the concrete beam direction based on some known information, gNB should configure one-to-one association between PRACH and CSI-RS resource. Otherwise gNB would configure one-to-many association between PRACH and CSI-RS resources since gNB cannot decide the exact beam direction. UE could decide which one is proper based on downlink estimation.
Proposal-4: Which of the associated CSI-RS is used if there are multiple resources associated is left to UE implementation.
Issue #4: remaining issue on PUCCH delta_TF
In RAN1 #92, the format of power control for PUCCH has been agreed as follows, where K1 and K2 are still FFS.
	Agreement:


To change PUCCH power control formula as below, where  does not depend on .


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)
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)


After comprehensive evaluation, we recommend the following Table 1 for Delta_TF,c as well as Delta_F_PUCCH for PUCCH format 2~4. Also the evaluation assumption, simulation results and detailed analysis can be found in appendix.
Table 1 Delta_TF,c and Delta_F_PUCCH for PUCCH format 2~4
	Format
	ΔF_PUCCH(F) [dB]
	ΔTF,c(i) [dB]

	2
	

	

, for Ouci(i)<=11bits

, for Ouci(i)>11bits


	3/4
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Observation-1: Only one RRC configured Delta_F_PUCCH, which is determined by its associated number of RBs and symbols besides format type, is sufficient to support both large and small pay-load size cases of PUCCH format.
· Notes: No additional RRC impacts due to distinguishing small and large payloads for Delta_TF,c for PUCCH format 2~4 
Proposal-5: To support K1=1.8 for small payload size and K2=1.25 for large payload size for delta_TF,c

Conclusions
In this contribution, we analyzed the remaining issues on NR power control. Also proposals are summarized as follows.
Observation-1: Only one RRC configured Delta_F_PUCCH, which is determined by its associated number of RBs and symbols besides format type, is sufficient to support both large and small pay-load size cases of PUCCH format.
· Notes: No additional RRC impacts due to distinguishing small and large payloads for Delta_TF,c for PUCCH format 2~4 
Proposal-1: For the case of PUCCH without PUCCH-Spatial-relation-info, the closed loop index l should also be set to a fixed value, e.g. 0.
Proposal-2: For group-common TPC command in DCI format 2-2, when UE is configured with 2 closed loops
· closedloopindex along with TPC command is explicitly present in the DCI, where only one DCI field is present.
Proposal-3: Scheduled TPC command has higher priority compared with group common TPC command when both of them are received within one slot.
Proposal-4: Which of the associated CSI-RS is used if there are multiple resources associated is left to UE implementation.
Proposal-5: To support K1=1.8 for small payload size and K2=1.25 for large payload size for delta_TF,c
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Appendix: Simulation results
Format 2
For large payload size, we evaluated PUCCH format 2 with 2 symbols and [1 2 4 8 12] RBs, where the UCI bit length ranged in [12 15 18 20 40 60] and BPRE is defined as in TS 38.213 accordingly. Meanwhile, for the small payload size, we evaluated PUCCH format 2 with 2 symbols and [1 2 4] RBs, where the UCI bit length is ranged in [3 5 7 9 11].  According to simulation results, we have the following fitting formulas as shown in Fig.5.1 and Fig. 5.2, where K1=1.8 for small payload size and K2=1.25 for large payload size. 

 

Notes: it is observed that Delta_F_PUCCH is determined by its associated number of RBs and symbols besides format type, all of which are RRC configured in higher layer parameter PUCCH-format2, and therefore the Delta_F_PUCCH value should be configured according to the above parameters corresponding to the PUCCH format, e.g.,  .
[image: ]
Fig5.1 Format2, Simulated vs. Fitting, UCI bits length > 11

[image: ]
Fig5.2 Format2, Simulated vs. Fitting, UCI bits length <= 11
Format 3
For large payload size, we evaluated PUCCH format 3 with [4 8 14] symbol and [1 2 4 8 12] RBs, where the UCI bit length is ranged in [12 16 20 40 80 120 240] and BPRE is defined as in TS 38.213 accordingly. Meanwhile, for the small payload size, we evaluated PUCCH format PUCCH format 3 with [4 8] symbol and [1 2 4 ] RBs, where the UCI bit length is ranged in [3 5 7 9 11]. According to simulation results, we have the following fitting formulas as shown in Fig.5.3 and Fig. 5.4, where K1=1.8 for small payload size and K2=1.25 for large payload size. 

 

Notes: similarly, Delta_F_PUCCH is determined by its associated number of RBs and symbols besides format type for format 3 and format 4, all of which are RRC configured in higher layer parameter PUCCH-format3 or  PUCCH-format3, and therefore the Delta_F_PUCCH value should be configured according to the above parameters corresponding to the PUCCH format, e.g.,  .
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Fig5.3 Format3, Simulated vs. Fitting, UCI bits length > 11
[image: ][image: ]
Fig5.4 Format3, Simulated vs. Fitting, UCI bits length <= 11
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
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[image: ], for Ouci(i)<=11bits
[image: ], for Ouci(i)>11bits


	3/4
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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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