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1	Introduction 
Since RAN WG4 decided to postpone a number of basic Rel-15 NR feature requirements to Rel-16, a new WI was agreed at RAN TSG#84 to develop further the UE RF requirements for FR2 [1]. In particular, the work scope of the WI includes methods and solutions to avoid radio link failures and connection releases due to unpredictable UE P-MPRs that can be caused by the FR2 UE RF exposure compliance reasons. 
It is worth mentioning that during the RAN4#91 meeting a CR was agreed [2] introducing the concept of the "maximum uplink duty cycle" that enables a UE to indicate its preferred maximum uplink duty cycle, upon which the UE would potentially avoid applying P-MPR to meet the exposure compliance requirements. And the corresponding signaling was introduced by RAN WG2 in a form of the UE capability [3][4]. However, even though P-MPR and "maximum uplink duty cycle" mechanisms provide a good baseline to handle the maximum permittable exposure (MPE), it was already identified during the Rel-15 discussions that they are not most efficient methods in a dynamic environment. Thus, RAN WG4 has been devising a more advanced mechanism that would allow for more optimal behaviour. 
During the RAN4#95 meeting, WF document was agreed capturing further agreements and assumptions [8], but there still remain a number of open issues. In this discussion paper we present our further considerations on remaining details of P-MPR reporting, such as how many bits should be reserved for P-MPR reporting.  

2	MPE enhancements 
2.2	P-MPR reporting implementation details
Referring to the WF document agreed during the RAN#93 meeting [5], it is sufficient to use MAC CE to report the MPE assistance information. With that regards, our view that existing legacy PHR MAC CE can, and should, be re-used because it already conveys P-MPR related information, such as Pcmax, PHR and P-bit. Indeed, all the aforementioned fields are set by the UE MAC entity based on the input from the corresponding RF module that makes the actual decision whether P-MPR should be applied and how much. In that sense, it is a straightforward extension for the UE side to indicate to the MAC entity by how much the transmission power was reduced. Thus, additional MPE related information can be provided in the legacy PHR MAC CE, which will reside in the same logical container and which will be received by the network at the same time. Such an approach will also simplify the network side implementation: while the legacy network acts only on the Pcmax, PHR and P-bit fields, enhanced implementation can also act on the actual P-MPR values. Otherwise, splitting legacy fields and additional MPE related reporting between different MAC CEs will just complicate both UE and network side implementation as it will not be entirely clear how one element relates to another one in the time domain, as was also captured in [8].  
Observation 1:	Having P-MPR reporting in the PHR MAC CE simplifies UE implementation and allows for reporting all relevant information (Pcmax, PHR, P-bit, P-MPR) at the same time instance..

Last but not least, existing PHR MAC CE already provides a versatile framework for configuring PHR reporting as a periodic or triggered event, whereas a new MAC CE would require RAN WG2 to re-introduce again almost the same concept.  
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There are several major approaches regarding which P-MPR reporting range should be adopted, and our view is that this decision also depends on the agreement of which P-MPR reporting threshold we should introduce. Referring to existing PHR MAC CE IE (see also Annex A), the easiest approach would be to consider existing powerFactorChange parameter values which are {1dB, 3dB, 6dB, infinity}. It is worth noting that there is no 0dB threshold, i.e. power changes (caused by P-MPR or pathloss as captured in TS 38.321) smaller than 1dB are not "detected" by the UE. Based on that the following options for the P-MPR reporting threshold can be considered:
-	{1dB, 3dB, 6dB}: This option is based on existing thresholds and does not assume 0dB P-MPR reporting threshold; 
-	{0dB, 3dB, 6dB}: This option has 0dB P-MPR reporting threshold, i.e. even a marginally small P-MPR value can immediately trigger a report. It can be also debated whether we keep 1dB as in the existing power factor change range, remove it completely or change it to 1.5dB.
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With regards to P-MPR reporting range, there are two major ways how it can be implemented into PHR MAC CE: 
-	The easiest way to implement this type of reporting would be to use two existing "R" bits in the PHR MAC CE (refer to Annex B). This way RAN WG2 will not even have to add new fields into the MAC CE. 
-	There are also proposals in RAN WG4 to consider more values for P-MPR reporting. It is however worth noting that since MAC CE is the octet aligned entity, asking to allocate more than 2 bits for P-MRP would automatically trigger addition of a new 8-bit field. However, it is not clear whether the whole 8-bit range with 255 different values is needed for the P-MPR reporting. 

Observation 2a:	Using 2-bit field for P-MPR reporting allows for re-using existing reserved bits.
Observation 2b:	Allocating more than 2 bits for P-MPR reporting will trigger addition of a new 8-bit field. 

Table 1 below exemplifies how 2-bit P-MPR reporting can complement existing "P" field preserving its existing interpretation. If "P" field is set to 0, then no P-MPR is applied at the UE side. And this is also a way how a UE can indicate to the network that it has reverted to normal operation [8]. Otherwise, if "P" field is set to 1, then four different P-MPR values can be encoded covering a sufficiently large range with 3dB granularity. In Table 1 below, option 2 is the one that is captured in agreed WF and which does not consider a case when a UE explicitly reports that P-MPR is in range of 0..3dB; this option will be also suitable if we do not have P-MPR reporting threshold of 0dB. On the contrary to it, option 1 includes that range and will be suitable if RAN WG4 agrees that 0db P-MPR threshold is needed.
Table 1: Exemplary P-MPR reporting range with fixed P-MPR values.
	P field (1 bit)
	MPE field (2 bit)
	P-MPR [dB] (opt1)
	P-MPR [dB] (opt2)

	0
	00
	0 (no P-MPR applied)
	0 (no P-MPR applied)

	1
	00
	0 < P-MPR <= 3 
	3 < P-MPR <= 6 

	1
	01
	3 < P-MPR <= 6 
	6 < P-MPR <= 9 

	1
	10
	6 < P-MPR <= 9 
	9 < P-MPR <= 12 

	1
	11
	9 < P-MPR 
	12 < P-MPR 



Another approach would be to scale/shift P-MPR reporting range according to the network configuration of the P-MPR reporting threshold. Referring to the previous RAN WG4 agreements, there will be a configuration threshold for P-MPR reporting which can be leveraged to scale P-MPR range as presented in the Table 2 below (exact values can be discussed further). The main rationale behind this approach is that if the network sets a high reporting threshold to XdB, then we do not need to include 0..XdB range into the reporting data. 
Table 2: Exemplary P-MPR reporting range scaled to the configured P-MPR threshold.
	P-MPR threshold
	P-MPR range

	
	00
	01
	10
	11

	0dB
	0<P-MPR<=3
	3<P-MPR<=6
	6<P-MPR<=9
	9 < P-MPR

	3dB
	3<P-MPR<=6
	6<P-MPR<=9
	9<P-MPR<=12
	12 < P-MPR

	6dB
	6<P-MPR<=12
	12<P-MPR<=18
	18<P-MPR<=24
	24 < P-MPR



Finally, there is a way to increase P-MPR reporting granularity by logically combining "P" field with two reserved bits forming a virtual 3-bit field. The only downside of this approach is that it will change legacy meaning and interpretation of the "P" field causing more changes in TS 38.321. 
Referring to existing fields in the PHR MAC CE, such as Pcmax and PHR, it is worth noting that TS 38.321 just defines the mapping table, while exact values are defined by RAN WG4 and are contained in TS 38.133. In that sense it is enough that RAN WG4 just indicates how many different values should be reported, i.e. how many bits should be reserved, while the exact values can be further discussed. 
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2.2	Absolute and relative thresholds
During previous RAN WG4 meetings a new concept of the relative threshold for P-MPR reporting was proposed. However, its purpose and more importantly benefits with functional details were not captured in WF documents. In general, it is not clear why this additional threshold is needed if the network is going to configure a UE with the absolute threshold. Our understanding is that if the network is interested in P-MPR value(s) larger than the absolute threshold of XdB, then all the values will be reported to the network irrespective of the fact whether difference between P-MPR values at moment T1 and T2 is larger than a certain threshold. It can be even argued that having this relative threshold contradicts to the whole point of reporting P-MPR: it would be beneficial for both a UE and the network to report the latest P-MPR value, whatever it is, instead of muting them. 
If the main reason for adding this relative threshold is to prevent a UE from reporting P-MPR too often, then it is better to rely upon the corresponding prohibit timer (either a new timer or one of the existing timers that MAC CE framework offers). In fact, if the P-MPR value does not change or changes marginally, it will be beneficial for the network to receive same P-MPR value after expiry of the prohibit timer instead rather than not receiving any P-MPR report at all.      
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3	Conclusions
In this discussion paper we have presented our further considerations on the details of the P-MPR reporting. Our general view is that we can leverage existing PHR MAC CE framework and enhance it to convey additional P-MPR related information with minimal specification changes.   
Proposal 1:	Enhance existing single and multiple entry PHR MAC CE with additional P-MPR reporting.
Proposal 2a:	P-MPR reporting threshold can be similar to existing power factor change thresholds, e.g. {1dB, 3dB, 6dB}.
Proposal 2b:	It shall be discussed whether we need 0dB reporting threshold for P-MPR.
Proposal 3a:	Allocate 2 bits for P-MPR reporting.
Proposal 3b:	If 2 bits are not enough for P-MPR reporting, it is possible to scale P-MPR reporting range according to the P-MPR threshold or logically combine 1-bit "P" field with 2 reserved bits.
Proposal 3c:	To complete specification work, RAN WG2 needs to know how many different values will be reported, while the exact values can be further defined by RAN WG4.
Proposal 4:	There is only one, absolute, threshold for the P-MPR reporting and no relative threshold is introduced.
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Annex A: PHR MAC CE configuration IE
TS 38.331
-- ASN1START
-- TAG-PHR-CONFIG-START

PHR-Config ::=                      SEQUENCE {
    phr-PeriodicTimer                   ENUMERATED {sf10, sf20, sf50, sf100, sf200,sf500, sf1000, infinity},
    phr-ProhibitTimer                   ENUMERATED {sf0, sf10, sf20, sf50, sf100,sf200, sf500, sf1000},
    phr-Tx-PowerFactorChange            ENUMERATED {dB1, dB3, dB6, infinity},
    multiplePHR                         BOOLEAN,
    dummy                               BOOLEAN,
    phr-Type2OtherCell                  BOOLEAN,
    phr-ModeOtherCG                     ENUMERATED {real, virtual},
    ...
}

-- TAG-PHR-CONFIG-STOP
-- ASN1STOP




Annex B: PHR MAC CE format
TS 38.321



Figure 6.1.3.8-1: Single Entry PHR MAC CE




Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is less than 8
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