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1. Introduction

RAN4#94-e agreed a WF and LS to RAN2 on FR2 MPE enhancement methods to avoid radio link failures and connection releases due to significant and unpredictable UE P-MPR in [1] and [2] respectively. In the LS [2] the following details are communicated to RAN2:
	RAN4 has agreed further details on Rel-16 FR2 MPE enhancement solutions to mitigate RLF due to sudden and unpredictable large back off caused UE’s actions to ensure compliance with exposure regulation.

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.

RAN4 will provide further details after its next meeting.  


In this contribution we focus especially on the remaining open items, which need to be completed and informed to RAN2, for the introduction of the FR2 MPE signalling.  We also discuss also other open items for FR2 MPE enhancements.
2. Signaling aspects for P-MPR event-triggered reporting for FR2 MPE 
In this section we discuss the remaining open items for the signaling of P-MPR event-triggered reporting, which was already agreed as FR2 MPE solution and communicated to RAN2 in [2]. 
P-MPR reporting range and granularity
First, we discuss the needed reporting range and reporting granularity for event-triggered reporting for UE’s P-MPR needed for the FR2 MPE purposes. The WF in [1] lists the following options for the P-MPR reporting range and granularity: Option A: Range from 1dB to [20, 31]dB, with 5 bits (up to 32 values), 1dB step, Option B: Range from 1dB to [>10]dB, with 2 bits (4 values) like {1~3, 4~6, 7~9, >=10} or {1~5, 6~8, 9~11, >=12}, or compromise between Option A and B. 
As the network is expected to take different type of actions depending on how large P-MPR the UE needs for FR2 MPE reasons and what data rate the UE is currently having on FR2 carrier, it should also be possible for the UE to report the P-MPR with rather large range ranging from above 0 dB to 30 dB or at least to 20 dB. The granularity for the P-MPR reporting should be small at least for small and moderate P-MPR to avoid network underestimating or overshooting with its actions. Therefore, in our view the option A with P-MPR reporting from 1 dB to 31 dB with 1 dB step would be suitable reporting range and granularity. This would also ensure forward compatibility for future more diverse FR2 deployments and use cases.
Proposal 1: Introduce P-MPR reporting for the FR2 MPE purposes based on the option A of [1] with the following values:
	Reported value
	P-PMR value
	Unit

	P-MPR_0
	1 ≤ P-MPR< 2
	dB

	P-MPR_1
	2 ≤ P-MPR< 3
	dB

	P-MPR _2
	3 ≤ P-MPR< 4
	dB

	P-MPR _3
	4 ≤ P-MPR< 5
	dB

	P-MPR _4
	5 ≤ P-MPR< 6
	dB

	P-MPR _5
	6 ≤ P-MPR< 7
	dB

	P-MPR _6
	7 ≤ P-MPR< 8
	dB

	P-MPR _7
	8 ≤ P-MPR< 9
	dB

	P-MPR _8
	9 ≤ P-MPR< 10
	dB

	P-MPR _9
	10 ≤ P-MPR< 11
	dB

	P-MPR _10
	11 ≤ P-MPR< 12
	dB

	P-MPR _11
	12 ≤ P-MPR< 13
	dB

	P-MPR _12
	13 ≤ P-MPR< 14
	dB

	P-MPR _13
	14 ≤ P-MPR< 15
	dB

	P-MPR _14
	15 ≤ P-MPR< 16
	dB

	P-MPR _16
	16 ≤ P-MPR< 17
	dB

	P-MPR _16
	17 ≤ P-MPR< 18
	dB

	P-MPR _17
	18 ≤ P-MPR< 19
	dB

	P-MPR _18
	19 ≤ P-MPR< 20
	dB

	P-MPR _19
	20 ≤ P-MPR< 21
	dB

	P-MPR _20
	21 ≤ P-MPR< 22
	dB

	P-MPR _21
	22 ≤ P-MPR< 23
	dB

	P-MPR _22
	23 ≤ P-MPR< 24
	dB

	P-MPR _23
	24 ≤ P-MPR< 25
	dB

	P-MPR _24
	25 ≤ P-MPR< 26
	dB

	P-MPR _25
	26 ≤ P-MPR< 27
	dB

	P-MPR _26
	27 ≤ P-MPR< 28
	dB

	P-MPR _27
	28 ≤ P-MPR< 29
	dB

	P-MPR _28
	29 ≤ P-MPR< 30
	dB

	P-MPR _29
	30 ≤ P-MPR< 31
	dB


P-MPR reporting threshold for event-triggered reporting
Event-triggered reporting of P-MPR require conditions when the UE should send the event-triggered reporting. The last RAN4#94-e meeting already decided that the triggering condition is defined based on network-controlled threshold for P-MPR. Two options for the threshold were identified; Option A: P-MPR is higher than a configurable threshold and Option B: P-MPR changes comparing to last report is higher than a configurable threshold. In order for the network to use right P-MPR threshold setting for the planned network actions we see that it is important that absolute P-MPR thresholds are defined i.e. the event-triggered report is sent from the UE to the network when P-MPR is higher than a network signaled P-MPR threshold (Option A). If P-MPR event-triggered reports are sent based on how much P-MPR value has changed compared to the last report (Option B), it is not possible for the network to fully control when the P-MPR reports are sent causing additional uncertainty to the network’s decision making and planning what network actions to take and when. Furthermore, the option B reporting would mean that with 4 dB reporting threshold, the event-triggered reporting could equally be sent from the UE to the network e.g. when UE’s P-MPR increases from 1 dB to 5 dB  or from 6 to 10 dB or potentially also when P-MPR reduces from 5 dB to 1 dB or from 10 dB to 6 dB although from the network’s actions point of view these different cases are likely to need different actions. Examples of different network actions to help the UE in its FR2 MPE situation are different more in detail e.g. in our previous RAN4 contribution in [3].
Proposal 2: Event-triggered reporting is sent by the UE when UE’s P-MPR is higher than a network configured absolute P-MPR threshold (Option A in [1]).
3. Signaling aspects for Periodical P-MPR reporting 
The last RAN4#94e meeting did not yet conclude if periodical P-MPR reporting should be introduced in addition to the event-triggered reporting. We see that introducing also periodical P-MPR reporting would allow for flexibility for the signalling and making the FR2 MPE signalling even more future proof for different type of deployment scenarios. If the periodical reporting of P-MPR for FR2 MPE purposes is introduced by re-using the same periodical reporting periods as currently used for PHR i.e. {sf10, sf20, sf50, sf100, sf200, sf500, sf1000, and infinity} and including P-MPR reporting in the same MAC-CE as PHR, the additional signalling and UE complexity would be minimal, especially as in any case the UE needs to continuously evaluate need for P-MPR for the FR2 MPE compliance reasons.
Proposal 3: Introduce periodical P-MPR reporting with the same reporting periods as the current PHR i.e. {sf10, sf20, sf50, sf100, sf200, sf500, sf1000, and infinity}
4. UE requirement aspects for P-MPR reporting
The last RAN4#94e meeting did not reach the conclusion if the UE should report P-MPR before or after it is applied. We see that it would be beneficial if the UE sent its MPE signalling indication e.g. event-triggered P-MPR reporting before it applies P-MPR based Tx power reduction as it would increase chances that the BS is correctly receiving the message in case of large P-MPR UE Tx reduction. However, we recognise that in some case the UE may not be able to send the MPE signalling to the network before applying its P-MPR to its UL transmission to ensure compliance with the FR2 MPE regulation. Therefore, the UE should be allowed to apply P-MPR before sending MPE signalling indication to the network. However, as the FR2 MPE regulation includes 4 s time averaging in most cases it should be possible for the UE to first send the MPE signalling indication (i.e. P-MPR reporting) to the network and then apply P-MPR in the next UL transmission.
In our view the UE requirements in the RAN4 requirements could handle the details like when and how to apply P-MPR to UL transmission. Therefore, in our view it is not necessary to include this aspect to the LS to RAN2. Considering that sending MPE indication before applying P-MPR would be beneficial from the BS reception perspective due to higher UE TX power, we see that when even feasible the UE should first send its MPE indication without applying P-MPR to its UL transmission and only apply the needed P-MPR to its next UL transmission. 

Proposal 4: RAN4 will define in its own UE specification TS38.101-2 whether P-MPR should be reported before it is applied by UE.
Proposal 5:  UE should aim to send FR2 MPE indication i.e. P-MPR report to the network before applying P-MPR but if needed for the FR2 MPE compliance purposes, the UE is allowed to apply P-MPR already when sending MPE indication to the network.
5. Reference PCMAX
The last RAN4#94-e meeting had different understanding of the definition of the reference PCMAX. On the other hand as no reference PCMAX is needed for reporting absolute P-MPR value or for evaluating event-triggered reporting thresholds, which are defined based on absolute P-MPR values, there is no need to define new reference PCMAX  for FR2 MPE reporting purposes. This was already indicated by number of companies during the RAN4#94-e email discussion summarized in [4].

Proposal 6: No reference PCMAX is used or introduced for FR2 MPE event indication and P-MPR reporting purposes.
6. Conclusions
In this contribution we have discussed the remaining open items, which need to be decided in RAN4#94-bis e-meeting so that RAN4 can provide the final details needed for FR2 MPE enhancement signalling to RAN2. In this contribution we have also discussed other open items identified in the previous RAN4 meetings. Based on the discussion we make the following proposals:
Proposal 1: Introduce P-MPR reporting for the FR2 MPE purposes based on the option A of [1] with the following values:

	Reported value
	P-PMR value
	Unit

	P-MPR_0
	1 ≤ P-MPR< 2
	dB

	P-MPR_1
	2 ≤ P-MPR< 3
	dB

	P-MPR _2
	3 ≤ P-MPR< 4
	dB

	P-MPR _3
	4 ≤ P-MPR< 5
	dB

	P-MPR _4
	5 ≤ P-MPR< 6
	dB

	P-MPR _5
	6 ≤ P-MPR< 7
	dB

	P-MPR _6
	7 ≤ P-MPR< 8
	dB

	P-MPR _7
	8 ≤ P-MPR< 9
	dB

	P-MPR _8
	9 ≤ P-MPR< 10
	dB

	P-MPR _9
	10 ≤ P-MPR< 11
	dB

	P-MPR _10
	11 ≤ P-MPR< 12
	dB

	P-MPR _11
	12 ≤ P-MPR< 13
	dB

	P-MPR _12
	13 ≤ P-MPR< 14
	dB

	P-MPR _13
	14 ≤ P-MPR< 15
	dB

	P-MPR _14
	15 ≤ P-MPR< 16
	dB

	P-MPR _16
	16 ≤ P-MPR< 17
	dB

	P-MPR _16
	17 ≤ P-MPR< 18
	dB

	P-MPR _17
	18 ≤ P-MPR< 19
	dB

	P-MPR _18
	19 ≤ P-MPR< 20
	dB

	P-MPR _19
	20 ≤ P-MPR< 21
	dB

	P-MPR _20
	21 ≤ P-MPR< 22
	dB

	P-MPR _21
	22 ≤ P-MPR< 23
	dB

	P-MPR _22
	23 ≤ P-MPR< 24
	dB

	P-MPR _23
	24 ≤ P-MPR< 25
	dB

	P-MPR _24
	25 ≤ P-MPR< 26
	dB

	P-MPR _25
	26 ≤ P-MPR< 27
	dB

	P-MPR _26
	27 ≤ P-MPR< 28
	dB

	P-MPR _27
	28 ≤ P-MPR< 29
	dB

	P-MPR _28
	29 ≤ P-MPR< 30
	dB

	P-MPR _29
	30 ≤ P-MPR< 31
	dB


Proposal 2: Event-triggered reporting is sent by the UE when UE’s P-MPR is higher than a network configured absolute P-MPR threshold (Option A in [1]).
Proposal 3: Introduce periodical P-MPR reporting with the same reporting periods as the current PHR i.e. {sf10, sf20, sf50, sf100, sf200, sf500, sf1000, and infinity}
Proposal 4: RAN4 will define in its own UE specification TS38.101-2 whether P-MPR should be reported before it is applied by UE.
Proposal 5:  UE should aim to send FR2 MPE indication i.e. P-MPR report to the network before applying P-MPR but if needed for the FR2 MPE compliance purposes, the UE is allowed to apply P-MPR already when sending MPE indication to the network.

Proposal 6: No reference PCMAX is used or introduced for FR2 MPE event indication and P-MPR reporting purposes.
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