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1	Introduction 
During the RAN4#92 meeting, RAN WG4 made a number of agreements regarding the Rel-16 maximum permissible exposure (MPE) enhancements that aim at improving system functioning when a UE has to back-off its transmission power to meet regulatory requirements. The corresponding WF was agreed in [1] (refer also to Annex A) and the LS was sent to RAN WG2 [2] indicating preliminary RAN WG4 view that MAC CE can be used for all these enhancements. One of the potential enhancements captured in agreed WF [1] was introduction of the P-bit into the single entry PHR MAC CE aligning its functionality with the multiple-entry PHR. As discussed extensively in RAN WG4, absence of the P-bit in the single entry PHR MAC CE prevents a UE from reporting that it has applied power back-off (e.g. due to the boxy proximity sensor input) in certain configuration cases; and thus the network is not aware about the reason for it. 
In this discussion paper we present on how the corresponding P-bit can be added into MAC CE and elaborate further on related aspects, such as release, configurability, etc. 
2	P-bit in PHR MAC CE
As already mentioned in the Introduction part, while analysing potential Rel-16 enhancements, a number of companies in RAN WG4 have identified that P-bit is missing in the single entry PHR [3][4][5][6], which effectively prevents a UE from reporting the reason for applying power back-off in those configuration cases when multiple entry PHR is not used. As can be seen from TS 38.321 excerpts below, while multiple entry PHR has P-bit (Figure 2-2), it is absent in the single entry PHR MAC CE structure (Figure 2-1). The corresponding bit in the single entry PHR is just marked as "R" and is not used at all.




Figure 2-1: Single entry PHC MAC CE (refer to TS 38.321, Figure 6.1.3.8-1).


Figure 2-2: Single entry PHC MAC CE (refer to TS 38.321, Figure 6.1.3.9-1).

Since the single entry and multiple entry PHR MAC CE convey effectively the same information and share the same logical structure, our technical view is that it is a relatively straightforward change to add P-bit into the single entry PHR by just aligning its structure to the multiple entry PHR format. In other words, the first "R" bit can be re-casted to the P-bit, purposes and setting rules for which will be identical to the existing P-bit.
[bookmark: _Toc30499966][bookmark: _Toc30507866][bookmark: _Toc30585651][bookmark: _Toc32476125][bookmark: _Toc32558833]Proposal 1:	Add P-bit into the single-entry PHR MAC CE, purpose, functionality and setting rules of which will be identical to the existing P-bit in the multiple entry PHR MAC CE.

As for the actual change, RAN WG2 should tackle the following aspects: a) whether P-bit for single-entry PHR is an optional or mandatory feature; b) whether single entry PHR P-bit reporting should be "automatic" or explicitly enabled by the network; c) whether single entry PHR threshold can be the same as the existing threshold in the PHR control IE; d) whether it can/should be enabled starting from Rel-15.
a)	P-bit in the multiple-entry PHR is a UE mandatory feature starting from Rel-15 without any capability signalling. Since P-bit for the single-entry PHR is effectively same mechanism and reporting, we cannot see any strong reason to introduce a new capability and/or make this feature optional. But from the backward compatibility and inter-operability perspective, a capability is required for UE to indicate the support of this feature. 
b)	In order to distinguish the new (P bit) and old (R bit) single entry PHR MAC CE, there are three options: 1) new LCH ID to indicate the new one; 2) explicit RRC configuration to enable/disable the new format; 3) NW relies on the UE capability to decide the new or old format, and UE supporting this feature will always report the new format. Since there is no coexistence issue between the old and new formats, we do not need to introduce new LCID. From the backward compatibility and inter-operability perspective, we should follow the legacy feature enable/disable mechanism, and introduce the explicit RRC configuration to enable/disable the feature.
 
c)	Somewhat referring back to our considerations presented in the previous point, P-bit is set only when the power back-off exceeds the certain threshold value controlled by the phr-Tx-PowerFactorChange parameter in the PHR MAC CE configuration IE (see Annex B). If P-bit reporting is added also to the single entry PHR, then we easiest way would be to assume that the same threshold IE is applicable to both single and multiple entries PHR MAC CEs. In fact, a UE always uses either single or multiple entry PHR MAC CE format depending on the network configuration, and thus the network can always provide different threshold values, if so needed, upon changing UE configuration.
d)	As noted earlier, re-casting existing "reserved" bit into the P-bit has little spec impact, and thus this change can be considered even for Rel-15 UEs. 

[bookmark: _Toc30585652][bookmark: _Toc32476126][bookmark: _Toc32558834][bookmark: _Toc23761003][bookmark: _Toc23761397][bookmark: _Toc23865353][bookmark: _Toc30499967][bookmark: _Toc30507867]Proposal 2a:	A UE capability is introduced for the support of P-bit in the single entry PHR MAC CE.
[bookmark: _Toc30585653][bookmark: _Toc32476127][bookmark: _Toc32558835]Proposal 2b:	Explicit RRC configuration is introduced to enable/disable the P-bit in the single entry PHR MAC CE.
[bookmark: _Toc30507868][bookmark: _Toc30585654][bookmark: _Toc32476128][bookmark: _Toc32558836]Proposal 2b:	Existing threshold parameter in the PHR configuration IE can be applicable to both single and multiple entry PHR MAC CE.
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3	Conclusions
In this discussion paper we have presented our further considerations on how P-bit functionality can be added into the single-entry PHR. As a summary of our paper we suggest:

Proposal 1:	Add P-bit into the single-entry PHR MAC CE, purpose, functionality and setting rules of which will be identical to the existing P-bit in the multiple entry PHR MAC CE.
Proposal 2a:	A UE capability is introduced for the support of P-bit in the single entry PHR MAC CE.
Proposal 2b:	Explicit RRC configuration is introduced to enable/disable the P-bit in the single entry PHR MAC CE.
Proposal 2b:	Existing threshold parameter in the PHR configuration IE can be applicable to both single and multiple entry PHR MAC CE.
Proposal 2c:	Discuss further whether P-bit single entry PHR should be introduced from Rel-15 or Rel-16.
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Annex A: RAN4#93 WF for MPE enhancements 

-	RAN2 based signaling solutions are sufficiently fast for the FR2 MPE purposes;
-	RAN4 shall request RAN2 to develop signaling for FR2 MPE purposes with the following assumptions:
-	RAN4 understands MAC-CE is suitable method;
-	MPE event related assistance Information provided by the UE to the network:
-	P-MPR is indicated to the network and is agreed in RAN4#93 and LS is sent to RAN2 from RAN4#93;
-	Dynamic duty cycle will be further discussed in RAN4#94 and if agreed by RAN4 then RAN2 will be informed;
-	Single entry PHR will be further discussed in RAN4#94; 
-	Report should be configurable as periodic, or event triggered. Configurable periods and trigger conditions are FFS; 
-	RAN4 will send LS to RAN2 in RAN4 #93 to inform RAN2 that MAC-CE signaling may be required for MPE solutions. RAN4 will inform RAN2 on the complete solution in RAN4 #94.



Annex B: PHR configuration IE

-- 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
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