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Introduction
[bookmark: _GoBack]In RAN1 #90bis, the following progresses were made regarding PUCCH power control:
[bookmark: _Hlk498611612]Working Assumption:
· Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.





· F is the index of PUCCH formats, e.g., F = 0 for PUCCH format 0, F = 1 for PUCCH format 1, F = 2 for PUCCH format 2, F = 3 for PUCCH format 3
· P0_PUCCH is a parameter composed of the sum of a parameter P0_NOMINAL_PUCCH configured by higher layers and a parameter P0_UE_PUCCH configured by higher layers.
· k is the index of RS resource(s) for pathloss measurement is RRC configured
· Multiple values of k can be configured by RRC signalling 
· FFS: Other approaches not requiring RRC configuration for the determination of k
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· Full path-loss compensation for NR PUCCH power control
· Note: 10*log10(M_PUCCH,c(i)) should be deleted 
· Note: P_0_PUCCH should be revised to P_0_PUCCH(b)
· Note: g(i) should be revised to g(i,l)
· Multiple P_0_PUCCH(b) can be configured by RRC signalling
· Support up to 2 closed-loop power control processes, i.e., l 
· The closed-loop control process is configured by RRC signalling
· Reset trigger by RRC re-configuration of P_0, FFS: beam changing, etc. 
· Only accumulative TPC command
· 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.

[bookmark: _Ref178064866]In this contribution we present our view on remaining issues for PUCCH power control. 
PUCCH power control
It has been agreed that NR supports beam specific power control for PUSCH but not yet for PUCCH. The formula for PUCCH PC can according to the working assumption be written as  

where the index i is omitted. A typical use case when operating with beam specific PUSCH power control jointly with non beam specific PUCCH power control is illustrated in Figure 1 below. Here PUSCH is operated using beam specific power control, based on a set of CSI-RSs 1-4. PUCCH PC is on the other hand not operating using beam specific power control. Therefore, the corresponding DL RS is chosen to correspond to a “wide beam”, in this example created by SSB. For this example, there will hence exist two sets of configurations as shown by tables 1-2 below. 
Figure 1. DL RSs transmitted for UL power control. 
[image: ]
Tables 1-2. The DL RS configurations for PUCCH and PUSCH PC. 
	k_PUCCH
	DL RS
	
	k_PUSCH
	DL RS

	1
	SSB
	
	1
	CSI-RS, CRI=1

	
	
	
	2
	CSI-RS, CRI=2

	
	
	
	3
	CSI-RS, CRI=3

	
	
	
	4
	CSI-RS, CRI=4


In general it can be expected that PUCCH PC typically is based on wider beams than PUSCH PC, also if operating with beam specific PC on PUCCH as illustrated in Figure 2. Hence, there is a need for allowing independent configuration of DL RSs for these two different channels. 
Figure 2. DL RSs transmitted for UL power control.

[image: ]
Not allowing the configuration of the connection between DL RS and k to be done in an independent fashion for PUSCH PC and PUCCH PC will limit the flexibility in the PC framework. 
[bookmark: _Toc498629619][bookmark: _Toc498629641][bookmark: _Toc498633658]Initialization/updating the connection of k and a DL RS(s) is done independently for PUCCH and PUSCH. 
Beam specific PUCCH PC 
Beam specific PC for PUSCH is supported in NR but not yet agreed for PUCCH. However, since both PUSCH and PUCCH may operate based on beam management procedures utilizing beam indication it would be natural to support beam specific PC for both PUSCH and PUCCH. We furthermore think that, if beam specific PUCCH PC is supported, the frameworks for these two cases should be as similar as possible. Therefore, we propose
[bookmark: _Toc498629620][bookmark: _Toc498629642][bookmark: _Toc498633659]If beam indication is supported for PUCCH then also support beam specific PC for PUCCH.  
[bookmark: _Toc498629621][bookmark: _Toc498629643][bookmark: _Toc498633660]If beam specific PC is supported for PUCCH let it operate in a similar was as PUSCH PC by using the PUCCH beam indicator to indicate (b,k,l).


Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Initialization/updating the connection of k and a DL RS(s) is done independently for PUCCH and PUSCH.
Proposal 2	If beam indication is supported for PUCCH then also support beam specific PC for PUCCH.
Proposal 3	If beam specific PC is supported for PUCCH let it operate in a similar was as PUSCH PC by using the PUCCH beam indicator to indicate (b,k,l).
[bookmark: _In-sequence_SDU_delivery]
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