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1. Introduction

RAN4 has started its work on enhancement methods for FR2 MPE to avoid radio link failures and connection releases due to significant and unpredictable UE P-MPR. In [3] the RAN4#92bis meeting agreed a WF for FR2 MPE to identify suitable solutions for enhancing FR2 MPE with an aim to request help from RAN2 and/or RAN1 to specify required signaling supported for the selected FR2 MPE enhancement solutions. For requesting help from RAN2 and/or RAN1 RAN4 needs to agree further details for the FR2 MPE solutions and therefore, companies were requested provide further analyses for different options discussed in RAN4. 
In this contribution, we discuss details of potential FR2 MPE mitigation solutions, and provide further analysis on signaling latency and RAN2 and RAN4 specification impacts in Rel-16.
2. FR2 MPE Enhancement Solutions
The main concern with MPE requirements is the large power reduction (P-MPR) required, thus a high risk for RLFs. A 2x2 array requires about 20 dB of power reduction (e.g. when the user is located a few millimeters away from the antenna and the UE is at maximum power level). Moreover, given the large triggering distance of MPE events (e.g. up to 14 cm for a 2x2 array, see [1]), power back-offs might happen rather frequently with hand-held devices. In Rel-15 P-MPR and maxUplinkDutyCycle-FR2 have been specified as mechanisms for the UE to meet the requirements on MPE. 
A maxUplinkDutyCycle-FR2 restriction of 15 % only provides an 8 dB reduction in Tx power over the MPE averaged period of time, if the frame is fully reserved for UL. Therefore, maxUplinkDutyCycle-FR2 alone is not enough to comply with MPE. If the averaged power reduction needed is 20 dB, then 12 dB of power back-off is still required with a maxUplinkDutyCycle-FR2 restriction of 15 %, which is still likely to cause an RLF. In Rel-15, most PC3 UEs will require both a restriction on P-MPR and on duty cycle [1]. Furthermore, it is worth noting that the static maxUplinkDutyCycle-FR2 UE capability signaling limits UL throughput unnecessarily, when FR2 UE MPE compliance would not require any UL transmission limitations anymore.
Observation 1: MPE events happen frequently due to the large trigger distance for MPE events. Without new enhanced solutions, MPE compliance is likely to cause radio link failures due to large constraints on P-MPR and maxUplinkDutyCycle-FR2.
Mitigation solutions to avoid RLF encompass signaling the MPE event and the UE UL operation conditions to the network. As FR2 MPE events may happen suddenly and UE also needs to react to MPE events rather fast for ensuring FR2 MPE compliance, it is important that FR2 MPE enhancement signaling solutions are also fast so that the network can receive the needed indication and information from the UE before UE needs to reduce its transmit power and thereby the signaling message could not any longer be received by the base station receiver. 
Dynamic or multiple maximum uplink duty cycle UE capability indication is one of the proposed enhancement solutions in RAN4. UE capability signaling is not generally considered to require fast signaling or actions as typically UE capability are either static or at least semi-static. It is unlikely that dynamic or multiple maximum uplink duty cycle UE capability indication through RRC signaling and then the corresponding network actions to help the UE with FR2 MPE event would be sufficiently fast and efficient for UEs to rely on for MPE compliance. Therefore, we do not see that dynamic or multiple maximum uplink duty cycle UE capability signaling is sufficiently good FR2 MPE enhancement solution.
Due to fast and somewhat unpredictable nature of FR2 MPE events we see that fast signaling mechanisms for the UE to indicate to the network that the MPE event has been triggered is necessary. This fast message might only indicate to the network that the MPE event is triggered, or it might also include a power restriction information., In this way the network is able to take timely actions for MPE mitigation. In case of large P-MPR, the network might not be able to receive the power restriction information in the higher layer signaling. Receiving an “emergency” indication of MPE event will help the network to know that UE is not disappearing in UL because of poor radio conditions but due to MPE compliance, thus different actions can be taken by the network. The RLF happens because the gNB is not aware of what causes the extreme UL degradation. If the MPE event is communicated to the gNB, the gNB can try to prevent a radio link failure. The network could take e.g. one of the following actions to help UE and avoid RLF and connection release;
1)    Moving most of UL data traffic to E-UTRA in EN-DC and keeping only necessary control signaling in FR2 UL to allow DL connection and traffic to continue on FR2 carrier.  

2)    Moving most of the UL data traffic to FR1 during NR FR1-FR Carrier Aggregation or Dual Connectivity operations and keeping only necessary control signaling in FR2 UL to allow DL connection and traffic to continue on FR2 carrier
3)    Handover/reconfiguration from FR2 to FR1 or E-UTRA e.g. during FR2 standalone operations
In addition to avoid RLF and connection release the network actions 1) and 2) above would also allow the usage of FR2 for DL traffic when the UL transmission and traffic is limited by FR2 MPE event. In this way the usage of FR2 system and spectrum could be optimized and in practice even increased. When the network knows that UE’s FR2 UL transmission and traffic is limited by FR2 MPE event, the network would not try to schedule more UL traffic on FR2 carrier than what the UE can handle without risking MPE compliance (e.g. only control signaling on FR2 UL to allow the usage of FR2 for DL traffic) before the MPE event in the UE is over.
Observation 2: By UE indicating its FR2 MPE event to the network the usage of FR2 system and spectrum could be better optimized and in practical deployments even increased.
To ensure that the network receives the MPE event indication, the UE might prioritize sending a fast emergency signal only containing the information that the MPE event has been triggered. This message is sent with the maximum allowed power and duty cycle operation conditions as MPE is time averaged.

Observation 3: MPE events are likely to lead to RLFs unless mitigating solutions are in place. There is a need to signal the MPE event to the network. Fast signaling of MPE event is required to ensure awareness of MPE event. 

Proposal 1: Send fast emergency signal of detected MPE event to the network before restricting its UL power and/or transmission).
Only after sending the emergency signal, the UE applies the required P-MPR. In this way the emergency signal was sent in the best conditions to ensure network awareness. This is possible since MPE is time averaged. As the network is now aware of the MPE event, it will not release the connection when detecting a power imbalance. This also avoids sending TPCup requests, which the UE cannot fulfil.
The UL energy budget under MPE is assessed by the UE while monitoring the MPE event (e.g. user detection triggering MPE constraints). The UL energy budget can be indicated to the network via L2 or L3 signaling in a BackOff report. Such BackOff report might be requested by gNB or scheduled by the network upon receiving the emergency signal.

Proposal 2: After having sent the emergency signal, the UE may constrain its UL power and/or transmission. Then, the UE enters an assistance mode where it signals to the network its UL energy budget under the MPE event in a BackOff report.
When the network receives the BackOff report, it asses the severity of the MPE conditions on the UE. Then, based on the UL energy budget of the UE under MPE, the network would be able to decide suitable actions, for example:
·    Keeping only small amount of UL traffic on FR2 to ensure that at least necessary UL control signaling related to FR2 DL traffic can get through and thus, allowing successful use of FR2 for DL traffic and then moving rest of the UL data traffic to E-UTRA in case of EN-DC, or to an FR1 NR carrier in case of NR DC or CA. 

·    Handover or redirection to E-UTRA or to NR FR1 carrier. 


If the network cannot receive further UE assistance information like BackOff report from the UE after the emergency signaling despite further assistance is requested or scheduled by the network, the network can assume that the UE has severe FR2 MPE situation and therefore safest is to move the connection from NR FR2 e.g. to NR FR1 or E-UTRA instead of only reducing FR2 UL traffic.

Once the MPE event i.e. need for constraining UE’s FR2 UL power and traffic is over, the UE would indicate it to the network to allow the network to resume normal NR FR2 operations and UL traffic again. 

The approach is summarized in Figure 1.
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Figure 1:  An example of split between MPE emergency signaling and MPE assistance information for MPE events.
3. Timing and specification analyses for MPE Solutions
In this section we provide further timing and specification impact analyses for the FR2 MPE Solutions proposed in the previous section. 
Analysis: Timing and Specification impact
1. Emergency mode: fast signaling of MPE event
Upon triggering the MPE event, the UE may send an indication of the MPE event to the network. It is important that the emergency signal is sent with fast signaling. This message may only indicate the MPE event or it may also contain information about the needed P-MPR. L2 might be used for such signals. Examples are listed below and a comparison in the signaling time is proposed using standardized messages:
·  Option 1: PHR MAC CE could be extended with additional emergency alert from the UE to the network, if scheduled within MPE time average
	PHR-Config ::=                      SEQUENCE {

    phr-PeriodicTimer                   ENUMERATED {sf10, sf20, sf50, sf100, sf200,sf500, sf1000, infinity}


· The Multiple Entry PHR MAC CE in the current Rel-15 MAC specification TS38.321 include P IE, which is used by the UE for indicating whether UE applies P-MPR. This same P IE cannot, however, be directly used as currently the P is set to 1 if UE uses any P-MPR whereas emergency alert to the network should only be sent if the UE has real FR2 MPE issue i.e. significant amount of P-MPR would need to be taken. Therefore, it is necessary to define e.g. a new Emergency IE to the PHR MAC CE. One bit indication would be sufficient for the emergency alert purposes.
· RAN4 UE requirements need to be defined for emergency alert indication for ensuring correct indication from the UE
·  Option 2: A schedule request (SR) for an UL grant containing a MAC payload indicating P-MPR value could be used as emergency alert, if scheduled within MPE time average. Instead of very small values steps for the P-MPR reporting a few rough steps could be used for emergency indication.  The SR periodicity spans between 2 symbols and 640 slots, which in SCS 120 kHz represents 80 subframes (see TS 38.213 [13], clause 9.2.4). Typically, the UL Grant is 1 subframe.
	SchedulingRequestResourceConfig ::=     SEQUENCE {

    schedulingRequestResourceId             SchedulingRequestResourceId,

    schedulingRequestID                     SchedulingRequestId,

    periodicityAndOffset                    CHOICE {

        sym2                                    NULL,

        sym6or7                                 NULL,

        sl1                                     NULL,    -- Recurs in every slot

        sl2                                     INTEGER (0..1),

        sl4                                     INTEGER (0..3),

        sl5                                     INTEGER (0..4),

        sl8                                     INTEGER (0..7),

        sl10                                    INTEGER (0..9),

        sl16                                    INTEGER (0..15),

        sl20                                    INTEGER (0..19),

        sl40                                    INTEGER (0..39),

        sl80                                    INTEGER (0..79),

        sl160                                   INTEGER (0..159),

        sl320                                   INTEGER (0..319),

        sl640                                   INTEGER (0..639)

    }                                                     OPTIONAL,   -- Need M

    resource                          PUCCH-ResourceId    OPTIONAL    -- Need M

}




· RAN4 UE requirements need to be defined for sufficiently accurate P-MPR reporting for emergency alert purposes. 
·  Option 3: If scheduled in MPE time average PHR could be redefined or extended e.g. to include e.g. a BackOff report, which would be used by the UE to indicate the amount of P-MPR instead of the current power headroom/PCmax. Similar to the Option 2, BackOff report with rough reporting resolution could be used as emergency alert indication.  
· From signalling viewpoint, this is similar to option 1 but with more information and thus requiring more bits to be transmitted

· RAN4 UE requirements need to be defined for sufficiently accurate 2 BackOff reporting for emergency alert purposes. 
·  Option 4: Utilizing 2-step or 4-step RACH approaches, where the payload contains P-MPR value used for indicating emergency alert to the network. The RACH approaches with the corresponding timing are summarized in Figure 2. Note that msg 1 occurs between 0 and 20 ms. Moreover, ra-ResponseWindow is between 1 and 80 slots (see TS 38.321, clause 5.1.4) which represents between 1 and 20 subframes in SCS 120 kHz, the UL grant for msg 3 is typically 1 subframe (Msg 3 PUSH time RA has 4 bits) and ra-ContentionResolutionTimer spans between 8 subframes and 64 subframes (see TS38.321, clause 5.1.5). Therefore, a 4-step RACH approach would take a minimum time of 10 slots (=1.25ms) and 2-step RACH would take a minimum time of 2 slots (=0.25ms). 
	ra-ResponseWindow       ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},

ra-ContentionResolutionTimer  ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},


· RAN4 UE requirements need to be defined for sufficiently accurate P-MPR reporting for emergency alert purposes. Like in the Option 2 and 3 also in this case it would be sufficient to have only rough resolution for P-MPR reporting.
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Figure 2: Timing of RACH approaches indicating MPE event
For the emergency signaling, the Option 4 is preferred solution because it also provides a response from the network for acknowledging the MPE event message reception. The UE then knows to schedule a repetition if the Msg2/4 or Msg B is not received. It can even schedule the repetition while autonomously taking a duty cycle reduction into account if needed. On the other hand, if the Msg 2/4 or Msg B is received, the knows to move on to Emergency mode. Though it’s worth noting that for any MAC signaling, HARQ ACK/NACK is always available.
Finally, if an L2 emergency signal cannot be sent within the MPE time average window or if UE Tx power restriction information creates too much overhead, an L1 signal might be considered, e.g. by reinterpreting a UCI combination that was previously unused. The periodicity of the CSI containing such UCI varies between 4 and 320 slots, which in SCS 120 kHz represents between 1 and 40 subframes.
Table 1 provides a comparison of the different emergency signaling solutions from a timing perspective. 
Table 1: Timing comparison for Emergency messaging possible solutions
	
	Min time
	Response

	PHR
	10 ms
	No

	SR+MAC payload
	1 ms
	No

	BackOff report
	10 ms
	No

	4-step RACH
	1.25 ms
	Yes

	2-step RACH
	0.25 ms
	Yes

	L1 UCI
	1 ms
	No


2. Assistance mode: BackOff report containing P-MPR and/or maxUplinkDutyCycle-FR2
During the assistance signaling, the network is already aware that the MPE event occurred, therefore it may avoid connection release. The UE sends the BackOff report under MPE constraints. This message can be L2 or L3 and can be requested or scheduled by the network. The UE monitors the user and updates the UL energy budget by sending a new BackOff report (see Figure 1). As in the emergency mode the BackOff report could for example be a repurposed PHR or a MAC payload.
Observation 4: The emergency signaling may only contain information of the MPE event or it may also include the P-MPR value that the UE is about to apply.
Observation 5: The RACH approach for the emergency signaling has the advantage of providing an acknowledgement from the network on the MPE event reception.
Observation 6: The Assistance mode enables the network to dynamically adapt the link by assessing the MPE event severity based on the UL energy budget contained in the BackOff report.
Thereupon, the gNB can try to balance or redirect the link, e.g. increase gain at gNB, switch serving panel, handover, etc. 

By UE proving this type of additional power restriction information associated to UE’s MPE event it is possible for the network to better maximize the use of FR2 carrier at least for DL traffic and at the same time help UE with the FR2 MPE compliance. UE Tx power restrictions due to MPE compliance reasons will give to the network the flexibility to configure the UE to best fit the current conditions, e.g. best compromise between transmit power reduction, amount of UL data scheduled for transmission on FR2 or moving the UE away from the carrier altogether.

4. Conclusions
In this contribution we have presented how FR2 UE MPE indication from the UE to the network can increase and optimize practical usage of FR2 NR system and spectrum. We have analyzed different signaling options for FR2 MPE fast emergency signaling and how further MPE assistance signaling can provide additional information for the network decision making on the most suitable action in given UE MPE conditions. Based on the analyses we make the following observations:
Observation 1: MPE events happen frequently due to the large trigger distance for MPE events. Without new enhanced solutions, MPE compliance is likely to cause radio link failures due to large constraints on P-MPR and maxUplinkDutyCycle-FR2.
Observation 2: By UE indicating its FR2 MPE event to the network the usage of FR2 system and spectrum could be better optimized and in practical deployments even increased.

Observation 3: MPE events are likely to lead to RLFs unless mitigating solutions are in place. There is a need to signal the MPE event to the network. Fast signaling of MPE event is required to ensure awareness of MPE event. 

Observation 4: The emergency signaling may only contain information of the MPE event or it may also include the P-MPR value that the UE is about to apply.
Observation 5: The RACH approach for the emergency signaling has the advantage of providing an acknowledgement from the network on the MPE event reception.
Observation 6: The Assistance mode enables the network to dynamically adapt the link by assessing the MPE event severity based on the UL energy budget contained in the BackOff report.
Proposal 1: Send fast emergency signal of detected MPE event to the network before restricting its UL power and/or transmission).
Proposal 2: After having sent the emergency signal, the UE may constrain its UL power and/or transmission. Then, the UE enters an assistance mode where it signals to the network its UL energy budget under the MPE event in a BackOff report.
Proposal 3: RAN4 to send LS to RAN2 indicating MPE emergency signaling and MPE assistance signaling should be specified. RAN2 to specify the details of the signaling.
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