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1 Introduction
RAN4#94-e-bis approved WF [1] on P-max in FR2. This paper provides the motivation of introduction pf P-max in FR2 and the remaining issues, and proposes how to specify FR2 P-max in Rel-16.  
2 Discussion

2.1 Motivation

For the motivation of introduction of FR2 P-max, we expect there would be several use cases using P-max in FR2 considering flexibility of NW deployment. In our understanding, P-max is a fundamental function as NW can limit UE maximum transmission power, and thus if we do not introduce P-max, which would limit the FR2 use case and might hinder a growth of FR2 and beyond FR2 market.

One example of use case of P-max is limitation of UE maximum transmit power in specific places such as hospitals. In LTE, there are use cases to use P-max in order to consider the interference to medical equipment, which is a serious matter since it affects people's lives. In terms of 5G, we think deployment of new technology such as remote medicine would be expected using FR2 wider spectrum. Not-introducing P-max might limit such use cases.
Another example is limitation of inter-cell interference. Since cell coverage of FR2 is smaller than FR1, it would be relatively easier to deploy asynchronous operations between FR2 cells. Considering private 5G where companies other than mobile operators would use 5G technologies to create a dedicated network with unified connectivity, optimised services and a secure means of communication within a specific area, such NW designer might be also going to deploy asynchronous network. In such cases, if we can use P-max and control inter-cell interference, the flexibility of NW deployment is improved.
In addition, as we discussed in WI for new power class of FWA for countries with lower maximum transmission power regulatory requirement, there is a possibility that P-max could be used to reuse PC1 UE platform in such countries. We anticipate that another use cases will occur in the future with power limitation using P-max.  

Finally, we would like to note that when discussing more particular demand, it is very difficult to do that before introduction of P-max. This is in a chicken or egg situation. This is because it is difficult to deploy use cases of P-max or some compliance and regulatory before introduction P-max since these will not work without P-max. But again, we think P-max is a fundamental function and essential function, and FR2 P-max should be introduced considering development of FR2 and beyond FR2 market toward 5G or beyond 6G．
2.2 Remaining issue
2.2.1 How to handle mismatch of the range of P-max between RAN2 and RAN4 
P-max has already been specified per serving cell in TS 38.331, and the P-max value range of (-30..33) is common between FR1 and FR2. Since max TRP and max EIRP is 35dBm and 55dBm for PC1, respectively, and max EIRP is 43dBm for PC2, PC3, and PC4, the P-max value range should be modified accordingly when P-max is introduced in RAN4 specification.  Possible options are summarized as below:
	Option
	Abstract
	Example

	A
	Adding P-max offset to PEMAX,c , where the offset is a common value for all PC.
	PEMAX,c+ 10dB

	B
	Adding P-max offset to PEMAX,c, where the offset(ΔPEMAX,c) is changed based on PC.
	PEMAX,c+ ΔPEMAX,c,

· ΔPEMAX,c,=20dB for PC1
· ΔPEMAX,c,=10dB for PC2, PC3, and PC4

	C
	Changing the granularity of PEMAX,c
	The step between P-max values is changed to 2 or 3 or 4 dB at lower power range of [-30,...,0], and the step is set to 1at higher power range of [1,…,55], which results in covering whole power range of [-30,…,55]


-----------------------------------------------TS 38.331-----------------------------------------------
P-Max
The IE P-Max is used to limit the UE's uplink transmission power on a carrier frequency, in TS 38.101 [15] and is used to calculate the parameter Pcompensation defined in TS 38.304 [20].

P-Max information element

-- ASN1START

-- TAG-P-MAX-START

P-Max ::=                           INTEGER (-30..33)

-- TAG-P-MAX-STOP

-- ASN1STOP

-------------------------------------------
p-Max

Value in dBm applicable for the intra-frequency neighbouring NR cells. If absent the UE applies the maximum power according to TS 38.101 [15]. 
--------------------------------------------------------------------------------------------------------------
2.2.2 What metric P-max should be introduced in

Possible options are summarized as below:
	Option
	Metric
	Pros
	Cons

	1
	EIRP
	· Reasonable for the purpose of limiting interference in the air.
	· More difficult to develop than TRP since UE need to know its antenna gain.

	2
	TRP
	· Easier to develop than EIRP since UE does not have to know its antenna gain.
	· Unclear how to keep EIRP decided in Pcmax equation while TRP is limited.

	3
	Both TRP and EIRP
	· Reasonable for the purpose of limiting interference in the air.

· Enable to decrease EIRP decided in Pcmax equation while TRP is limited.
	· More difficult to develop than other options.


 
Considering higher antenna gain and peak EIRP of FR2, power limitation of both TRP and EIRP is preferred in actual environment.  On the other hand, we remember that it is more difficult to implement EIRP limitation than TRP since it is difficult for UE to know antenna gain on all direction. 

In this situation, our suggestion is to take Option C + Option 3 to change the granularity of P-max roughly with both TRP and EIRP limitation. That is, if the step size of P-max values is 1dB, then it would be difficult for UE to control its power accordingly. But we guess if the step size of P-max values is larger than 1 dB such as 3dB or 5dB, it makes UE implementation easier than before.
Observation 1: In actual environment, both TRP and EIRP limitation is preferred.

Observation 2: To address difficulty of implementation of EIRP metric, one alternative is changing the granularity of P-max roughly.

2.1.3 How to handle legacy UEs that do not understand P-max
Considering use case of P-max, it is important to discuss how to handle legacy UEs that do not understand P-max. NW using P-max should not configure FR2 to legacy UE. To discuss this, firstly, we summarise types of P-max which was already introduced in TS 38.331. In order to apply FR2 P-max in both NSA and SA, P-max should be defined in both RRC reconf and SIB in TS 38.331.  
· In RRC reconf:
· P-UE-FR1: FR1including LTE power limitation across all serving cell 
· P-UE-FR2: FR2 power limitation across all serving cell
· P-NR-FR1: NR FR1 power limitation per cell group
· P-max: Power limitation per CC or B
· In SIB

· P-max

· Additional P-max (in NR-NS-P-max list)

For NSA case, handling legacy UE is easier than SA case since, in our understanding, NR UE capability can be transferred from UE to NW through LTE before NR FR2 is configured as Pscell. Therefore, one possible solution is to introduce UE capability of informing whether UE support FR2 P-max. UE capability is transferred through LTE before FR2 is configured. Then, NW do not configure FR2 to legacy UE based on UE capability, and NR can configure FR2 to new UE.
For SA case, SA UEs are going to connect directly in FR2, and thus we need to make legacy UE not being going to connect in FR2. One possible way would be using multiple NS (NR-NS-Pmax) since if legacy UEs do not understand new NS, the UEs are cell barred. Therefore, one way is that we define new NS like NS_20xP which means that the NW uses P-max. NW using P-max should signal NS_20xP in SIB, then legacy UEs are cell barred and new UEs can connect under P-max limitation. Another possible way is using additional P-max associating with existing NS. If legacy UE can understand or cell barred when additional P-max is signalled, then we just use additional P-max. But if this is not a case, we need to introduce NS_20xP.
-- ASN1START

-- TAG-MULTIFREQUENCYBANDLISTNR-SIB-START

MultiFrequencyBandListNR-SIB ::=            SEQUENCE (SIZE (1.. maxNrofMultiBands)) OF NR-MultiBandInfo

NR-MultiBandInfo ::=                        SEQUENCE {

    freqBandIndicatorNR                         FreqBandIndicatorNR         OPTIONAL,   -- Cond OptULNotSIB2

    nr-NS-PmaxList                              NR-NS-PmaxList              OPTIONAL    -- Need S

}

-- TAG-MULTIFREQUENCYBANDLISTNR-SIB-STOP

-- ASN1STOP
-- ASN1START

-- TAG-NR-NS-PMAXLIST-START

NR-NS-PmaxList ::=                          SEQUENCE (SIZE (1..maxNR-NS-Pmax)) OF NR-NS-PmaxValue

NR-NS-PmaxValue ::=                         SEQUENCE {

    AdditionalPmax                              P-Max                               OPTIONAL,   -- Need N

    additionalSpectrumEmission                  AdditionalSpectrumEmission

}

-- TAG-NR-NS-PMAXLIST-STOP

-- ASN1STOP

2.2 Proposal
Considering above mentioned, here is our proposal:
Proposal 1: Take Option C + Option 3:

·  Introduce P-max in both TRP and EIRP metric
· The step size of P-max values is set roughly so that UE can implement both TRP and EIRP limitation. The exact value of step size is FFS. 
Proposal 2: Introduce FR2 P-max in both RRC reconf and SIB.
Proposal 3:How to handle legacy UEs that do not understand P-max should be studied.

· Possible options:

· NSA case (RRC connected mode)
· Alt 1: Introduce UE capability of informing whether UE support FR2 P-max. 
· UE capability is transferred through LTE before FR2 is configured.
· Legacy UE: NW do not configure FR2

· New UE: NW configure FR2 and new UE connect under P-max limitation
· SA case (Idle mode)
·  Alt 1: Define NS values (NR-NS-PmaxValue) associating with P-max.

· Define NS_20xP with additional P-max in TS 38.101-2. NW using P-max signals NS_20xP

· Legacy UE: Cell barred since legacy UE do not understand NS_20xP.

· New UE: Connect under P-max limitation
· Alt 2: Use additional P-max in existing NS

· NOTE: Alt 2 can work only if all legacy UE can understand additional P-max in NR-NS-PmaxValue.
3 Conclusion

 We summarize our contribution:
Proposal 1: Take Option C + Option 3:

·  Introduce P-max in both TRP and EIRP metric
· The step size of P-max values is set roughly so that UE can implement both TRP and EIRP limitation. The exact value of step size is FFS. 
Proposal 2: Introduce FR2 P-max in both RRC reconf and SIB.
Proposal 3: How to handle legacy UEs that do not understand P-max should be studied.

· Possible options:

· NSA case (RRC connected mode)

· Alt 1: Introduce UE capability of informing whether UE support FR2 P-max. 

· UE capability is transferred through LTE before FR2 is configured.

· Legacy UE: NW do not configure FR2

· New UE: NW configure FR2 and new UE connect under P-max limitation
· SA case (Idle mode)

·  Alt 1: Define NS values (NR-NS-PmaxValue) associating with P-max.

· Define NS_20xP with additional P-max in TS 38.101-2. NW using P-max signals NS_20xP

· Legacy UE: Cell barred since legacy UE do not understand NS_20xP.

· New UE: Connect under P-max limitation
· Alt 2: Use additional P-max in existing NS

· NOTE: Alt 2 can work only if all legacy UE can understand additional P-max in NR-NS-PmaxValue.
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