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Discussion and Decision
1 Introduction
RAN4 has agreed the Rel-16 FR2 MPE (i.e. maximum permissible exposure) enhancement solutions that aims at improving system functioning when a UE has to back-off its transmission power to meet regulatory requirements. In RAN4 agreed solution, UE will report P-MPR via MAC CE. 
According to the LS [1], RAN4 would like to ask RAN2 to develop the following Rel-16 FR2 MPE signalling based on MAC-CE to ensure sufficiently short signalling delays:
· at least UE’s P-MPR based event-triggered reporting including also reporting of the actual P-MPR level that UE needs for FR2 MPE reasons. 

· Network configurable P-MPR reporting threshold 

· A prohibit timer is enabled to be configured by network to trigger the P-MPR reporting

· 
P-MPR reporting range and reporting granularity are still under discussion in RAN4.
According to the LS [2], RAN4 provided following additional details into account when developing MAC-CE based signalling for the FR2 MPE enhancements:
· Network configured threshold for event-triggered FR2 MPE P-MPR reporting is defined based P-MPR being higher than a configurable threshold. Whether an additionally relative threshold will be defined is still under discussion in RAN4 and RAN4 will inform RAN2 the outcome in the following meeting

· P-MPR reporting range and reporting granularity will be defined in the next RAN4 meeting using [2…5] bits. RAN4 will inform RAN2 the exact reporting range and reporting granularity in its next meeting. 

· P-MPR is reported by the UE after or on the grant and the exact details are up to UE implementation. 
This contribution provides our view on the P-MPR reporting design.  
2 Discussion

2.1 Background
P-MPR reporting can be viewed as "reactive reporting" that aims at enhancing overall system behaviour when an unpredictable event has already occurred, and a UE has or is going to apply P-MPR. The best thing that a UE can do in this case is to report its actual state, such as P-MPR value. The premise idea behind this type of reporting is that even though a UE can set P-bit in the PHR MAC CE, the network still does not know the actual P-MPR value applied by the UE. Even though the network configuration allows to specify that the P-bit should be set only when the power factor change is larger than [1, 3, 6] dB, the network still does not know whether the actual power back-off was. On the contrary to it, if the UE has a possibility to indicate that it has applied e.g. 6dB P-MPR power back-off, then the base station can consider adjusting (immediately) the UL scheduling interval from e.g. 100% to 25%. In other words, some form of explicit P-MPR reporting can help to optimize overall system functioning and avoid radio link failures.
2.1 P-MPR Reporting
The P-MPR reporting design includes three aspects: 1) MAC CE for the P-MPR reporting, 2) M-MPR reporting mechanism, and 3) configuration.
· MAC CE for P-MPR reporting
Since current PHR MAC CE can reflect the P-MPR information in very high level (i.e. using 1 P-bit), for the new P-MPR reporting, there are two options for the MAC CE to carry the P-MPR information.  
· Option 1: using legacy PHR MAC CE to carry the P-MPR info;
· Option 2: using a completely new MAC CE for the P-MPR reporting.

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, PH 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, an 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.  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. 

Proposal 1:
Enhance existing single and multiple entry PHR MAC CE to carry the P-MPR information.
Since the P-MPR reporting range and reporting granularity will be defined in RAN4 using [2…5] bits, Table-1 provides the potential PHR MAC CE format with 2-bit P-MPR info and 5bit P-MPR info. 
Table-1. PHR MAC CE with/without P-MPR Info
	Legacy PHR NAC CE
without P-MPR Info
	PHR MAC CE 
with 2-bit P-MPR Info
	PHR MAC CE 
with 5-bit P-MPR Info
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Figure 6.1.3.8-1: Single Entry PHR MAC CE





	[image: image2.png]PH (Type 1, PCell)

Pemaxfe





	[image: image3.png]PH (Type 1, PCell)

Pemax i

P-MPR






	[image: image4.png]Crs Cs Cs Cs Cs C, (oF R

=) v PH (Type 2, SpCell of the other
MAC entity)

R R Pomax e 1

P \ PH (Type 1, PCell)

R R Pomax . 2

E LV PH (Type X, Serving Cell 1)

R R Pomaxfc 3

v PH (Type X, Serving Cell n)

R R Pomax e m

Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest ServCelllndex of Serving Cell with
configured uplink is less than 8
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· P-MPR reporting mechanism

As indicated in RAN4 LS [2], NW configured threshold for event-triggered FR2 MPE P-MPR reporting is defined based P-MPR being higher than a configurable threshold. And NW can configure a prohibit timer which is used to limit the P-MPR reporting frequency. 

1) The condition to trigger P-MPR reporting
There are two conditions as below under RAN4 discussion. Option a) has been agreed in RAN4, and Option b) is still under the RAN4 discussion. 

· Option a) : P-MPR is higher than a configurable threshold 
· Option b): P-MPR changes comparing to last report is higher than a configurable threshold
For Option a), one new condition as below should be added to trigger the PHR reporting with P-MPR info as below. 

	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
-
(NEW CONDITION) phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true for any of the activated Serving Cells of any MAC entity with configured uplink: 
-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) for this cell is more than the PMR-THRESHOLD dB.


For Option b), current PHR triggered condition as below can be reused for it. 

	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
(EXISTING CONDITION) phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true for any of the activated Serving Cells of any MAC entity with configured uplink:
-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.


Proposal 2a:
If P-MPR reporting is triggered based on P-MPR higher than a configurable threshold (i.e. Option a), the new condition as indicated above should be introduced to trigger the PHR with P-MPR MAC CE. 
Proposal 2b:
If P-MPR reporting is triggered based on the P-MPR change higher than a configurable threshold (i.e. Option b), the existing condition as indicated above is proposed to trigger the PHR with P-MPR MAC CE. 
2) 
The prohibit timer for P-MPR reporting
Since the P-MPR reporting is via PHR MAC CE, and PHR reporting already has one phr-ProhibitTimer to limit the reporting frequency, the simple way is to use the current prohibit timer for the same purpose. 
Proposal 3:
Rely on legacy phr-ProhibitTimer to control the frequency of the PHR with P-MPR reporting. 
· Configuration of P-MPR reporting
In order to differentiate the PHR MAC CE format with or without P-MPR information, NW should explicitly enable the UE to use the PHR MAC CE with P-MPR info by RRC configuration.
Proposal 4:
PHR MAC CE format with P-MPR information should be enabled via RRC signaling. 
3 Conclusion

According to the analysis in section 2, we propose that:

Proposal 1:
Enhance existing single and multiple entry PHR MAC CE to carry the P-MPR information.
Proposal 2a:
If P-MPR reporting is triggered based on P-MPR higher than a configurable threshold (i.e. Option a), the new condition as indicated above should be introduced to trigger the PHR with P-MPR MAC CE. 

Proposal 2b:
If P-MPR reporting is triggered based on the P-MPR change higher than a configurable threshold (i.e. Option b), the existing condition as indicated above is proposed to trigger the PHR with P-MPR MAC CE. 

Proposal 3:
Rely on legacy phr-ProhibitTimer to control the frequency of the PHR with P-MPR reporting. 

Proposal 4:
PHR MAC CE format with P-MPR information should be enabled via RRC signaling. 
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