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1 Introduction
Regarding PHR, some agreements have been achieved till last meeting [1], as following,

· Support PH calculation for PUSCH transmission
· Calculation for current transmission 

· FFS: Calculation for non-current transmission
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· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission
Above is supported at least for sub-6GHz. 
· Support one PHR format: PH and Pcmax,c

· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)

Related to SRS switching among CCs, the following agreement was achieved,

· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 

· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured

· TA (through PRACH) on TAG without PUSCH/PUCCH configured

· Power control separated from that of PUSCH

· Group common DCI for aperiodic SRS triggering and TPC

· DL/UL interruptions and collision handling due to SRS switching

In RAN2#99bis meeting, there were agreements of PHR with an LS [2] sent to RAN1 and RAN4, including,  

· Virtual and real PHR type 1 and Type 2 are supported
In this contribution, we discuss the design on PH calculation and reporting. To make the contents more comprehensive, the PH types in following sections are summarized in table 1.
Table 1. Summary of PH types

	PH type
	Calculation principle
	Supported cases

	Type1
	Pcmax – PUSCH power
	PUSCH is transmitted, and PUCCH is not transmitted.

	
	
	PUSCH is transmitted, and PUCCH is transmitted.

	
	
	PUSCH is not transmitted.

	Type2
	Pcmax – (PUSCH power + PUCCH power)
	PUSCH and PUCCH are transmitted.

	
	
	PSUCH is transmitted, and PUCCH is not transmitted.

	
	
	PUCCH is transmitted, and PUSCH is not transmitted.

	
	
	Neither PUSCH nor PUCCH are transmitted.

	Type3
	Pcmax – SRS power
	SRS is transmitted.

	
	
	SRS is not transmitted

	New type
	Pcmax – PUCCH power
	PUCCH is transmitted, and PUSCH is not transmitted.

	
	
	PUCCH is transmitted, and PUSCH is transmitted.

	
	
	PUCCH is not transmitted.


2 Type 1 and type2 PH calculation 

As real and virtual PH for type1 and type2 were agreed, in this section, we give detailed calculation methods for type1 and type2 PH.
2.1 Type 1 PH calculation
Type 1 is used to calculate the power headroom of PUSCH transmission power. It’s mainly used when PUSCH only is transmitted, or when PUSCH and PUCCH are transmitted in FDM behaviour in one slot.
 In LTE, real PH is calculated based on current PUSCH transmission. 
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where j=0, 1, 2 are supported, with
· 0 for SPS transmission, 
· 1 for dynamic transmission, 
· 2 for msg3.

Type 1 virtual PH is calculated without impacts from transmission parameters, e.g. bandwidth M. Following is the type 1 virtual PH formula, 
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.                                                            (2)
Bandwidth allocation is more important for dynamic transmission, so the P0 and alpha for dynamic transmission are used to derive virtual type1 PH, which is expressed by j=1 in above formula. 
In NR, one or more [P0-alpha] parameter sets can be configured for dynamic transmission: j=0, 1, 2…J, where J≥3, e.g. with at least
· 0 for SPS transmission, 

· 1 for msg3, 

· 2…J for dynamic transmission.

Note that 
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 can be configured for beams, and except beam, there could be other dynamic aspects, e.g. BWP, numerology, to be included in
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 and 
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 configuration and it’s under discussion.
For real PH, PUSCH is currently scheduled and the UE can acquire
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 and 
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 explicitly informed by gNB or implicitly inferred from DCI. Then the formula based on latest agreement is,
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When the UE transmit PUSCH, and PUCCH, the Pcmax should be modified as
[image: image14.wmf])

(

~

,

i

P

c

CMAX

. PUSCH and PUCCH causes different power management requirements. The parameter 
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means that it’s computed to meet the power management requirements assuming PUSCH transmission only. Also, the UE should deliver 
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However, when PUSCH is not transmitted, what
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 are used for the virtual PH calculation? We define
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 as the parameters to derive PH when PUSCH is not transmitted, namely reference parameters. 
The aspects except beam, for determining 
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  should be determined by the gNB. For example, when the gNB configures J sets of [P0-alpha] in RRC, the gNB also configure the reference aspects (e.g. reference BWP, reference numerology) to determine corresponding 
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 [P0-alpha] set.
The beam aspect can be determined by gNB, or selected by the UE. The PHR can be triggered when pathloss change exceeds the threshold, then it could be when the link quality drops. In this case, for the serving cell without PUSCH transmitting, the UE can choose a best beam to calculate PH. The UE calculate PH using the 
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 associated with the least
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 and also report 
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 to the gNB. The reporting can be contained in MAC CE along with PH.
Then, virtual type1 PH should be revised as,
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Proposal 1: 
· If the UE transmits PUSCH, without PUCCH, the PH is computed using equation (3),
· If the UE transmits PUSCH, with PUCCH, the PH is computed using equation (4), where 
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 is computed based on the power management requirements assuming PUSCH transmission only.
· If the UE does not transmit PUSCH, the PH is computed using equation (5), where 
· 
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 is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ∆TC =0dB,
· 
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 corresponds to the beam resource which the UE prefers , and the chosen beam resource information is  delivered to the gNB along with PHR; 
· 
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 is derived based on the same beam of 
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, and the gNB’s reference configuration if 
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 can be configured for aspects more than beam.
· 
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 is inferred from  
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.
2.2 Type 2 PH calculation
Type 2 is used to calculate the power headroom of PUSCH and PUCCH simultaneously transmission power. It’s mainly used when PUSCH and PUCCH are transmitted in FDM behaviour in one slot.

For type2 PH, when PUSCH and PUCCH are both present and simultaneously transmitted, the basic formula can be written as,
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When PUSCH is transmitted, but PUCCH is not transmitted, or PUCCH is not determined yet, the parameters of PUCCH can be implicated inferred from PUSCH. For example, multiple P0s of PUSCH are configured, and so are for PUCCH. Then when PUCCH is not determined at this slot yet, the parameter P0 of PUCCH can follow the same transmission hypothesis (e.g. numerology, BWP, beam) with PUSCH. Here 
[image: image40.wmf]0

b

 is determined with respect to current
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. Also, then 
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and 
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 are of the same values for PUCCH and PUSCH, instead of
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When PUCCH is transmitted, but PUSCH is not transmitted, similar principle can be applied. The parameters of PUSCH can follow PUCCH configuration. Then the formula is as following,
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Here, 
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 is associated with
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, 
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 and 
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is applied for PUSCH.
When neither PUSCH nor PUCCH are transmitted, the reference format should be defined for both PUSCH and PUCCH. 
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Then 
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are associated with the same open-loop purpose. The beam hypothesis are the same for PUSCH and PUCCH. 
Proposal 2: Type 2 PH is computed the way that,
· if PUSCH and PUCCH are both transmitted, the PC parameters are acquired from current transmission information;
· if only one of PUSCH and PUCCH is transmitted, the UE assumes that the PUSCH and PUCCH would be transmitted with the same open-loop aspects, e.g. beam;
· if neither PUSCH nor PUCCH is transmitted, the parameters acquisition method in proposal 1 is reused, and the UE assumes that the PUSCH and PUCCH would be transmitted with the same open-loop aspects, e.g. beam.
3 Other PH types
In this section, other types except type1 and type2 are discussed. 
3.1 On the need of type3 PH
Type 3 is used to calculate the power headroom of SRS transmission power. The type was introduced in LTE release 14, to support SRS carrier-based switching. In NR, SRS carrier-based technology is supported, mostly reusing LTE design. For the CCs with DL transmission only, there’s no PUSCH. The type3 PH reporting can help the gNB know which DL only CC can be used for SRS switching. Then the gNB could schedule proper UL CC for PUSCH and DL CC for SRS switching. It’s important for the UE with limited power. Thus type3 PH should be supported.
Based on the agreement of SRS power control so far, we can design the type3 PH formula. 
If the UE transmits the SRS in slot i for the serving cell c, the PH is calculated as:
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              (10)
where Pcmax should meet power management requirements.
If the UE does not transmit SRS in slot i for the serving cell c, the PH is calculated as: 

[image: image55.wmf]))

,

(

)

(

)

(

(

)

(

)

(

0

,

,

0

c

O_SRS,

,

CMAX

c

0

l

i

h

k

PL

m

P

i

P

i

PH

c

SRS

c

c

SRS

c

+

×

+

-

=

a

                                            (11)
where Pcmax is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB.
Proposal 3: Reuse LTE type3 PH calculation for SRS transmission only, and the calculation adapts to the cases when SRS is transmitted and when SRS is not transmitted.
3.2 On the need of new PH type for PUCCH
NR short PUCCH is transmitted with PUSCH in TDM behaviour. It can occupy a large bandwidth. For the power limited UE, the UE need to report power headroom of PUCCH transmission power. Since PHR will be reported when the pathloss changes which reflects link quality change, the information of PUCCH power headroom helps the scheduler to decide the resource allocation of PUCCH. Moreover, after received PHR, the gNB can decide whether short or long PUCCH is more suitable for the UE. Thus, NR should support a new PH type, which calculates the power headroom of PUCCH transmission power only. The calculation of new type PH is similar to type1 calculation. 
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If PUSCH is transmitted, the Pcmax should be revised as to meet the power management requirements with PUCCH transmission only assumption. 

Proposal 4: Support a new type PH for PUCCH only, which is computed by subtracting power of PUCCH from Pcmax.
4 Conclusions
Note that the power formulae have not been stable yet. The PH formulae would be modified accordingly, if there were modifications of PUSCH\PUCCH\SRS power control formulae. 
The following proposals are made:
Proposal 1: 

· If the UE transmits PUSCH, without PUCCH, the PH is computed using equation (3),
· If the UE transmits PUSCH, with PUCCH, the PH is computed using equation (4), where 
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 is computed based on the power management requirements assuming PUSCH transmission only.
· If the UE does not transmit PUSCH, the PH is computed using equation (5), where 
· 
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 is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ∆TC =0dB,
· 
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 corresponds to the beam resource which the UE prefers , and the chosen beam resource information is  delivered to the gNB along with PHR; 
· 
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 is derived based on the same beam of 
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, and the gNB’s reference configuration if 
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 can be configured for aspects more than beam.
·  
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 is inferred from  
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 and 
[image: image65.wmf]0
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.

Proposal 2: Type 2 PH is computed the way that,
· if PUSCH and PUCCH are both transmitted, the PC parameters are acquired from current transmission information;

· if only one of PUSCH and PUCCH is transmitted, the UE assumes that the PUSCH and PUCCH would be transmitted with the same open-loop aspects, e.g. beam;

· if neither PUSCH nor PUCCH is transmitted, the parameters acquisition method in proposal 1 is reused, and the UE assumes that the PUSCH and PUCCH would be transmitted with the same open-loop aspects, e.g. beam.
Proposal 3: Reuse LTE type3 PH calculation for SRS transmission only, and the calculation adapts to the cases when SRS is transmitted and when SRS is not transmitted.
Proposal 4: Support a new type PH for PUCCH only, which is computed by subtracting power of PUCCH from Pcmax.
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