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1. Introduction

RAN4#93 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 [2] and [3] respectively. In this contribution we discuss the remaining open items for completing the details for FR2 MPE mitigation solutions and providing these details to RAN2. 
2. FR2 MPE Enhancement Solutions
In the WF [2] the following agreements were made in RAN4#93:

	· 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
· Dynamic duty cycle will be further discussed in RAN4#94
· 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 


Additionally, in RAN4#92bis the following agreements were already made in [5]:

	· Rapid indication methods
· P-MPR
· Before P-MPR is taken
· While P-MPR is applied
· Can be one bit or include more information
· Alert/Emergency signal to indicated back off is about to happen
· Is this alert only or does it contain more information?
· Assistance information methods
· Energy headroom
· How much energy UE has for transmissions until specific time
· Power headroom
· PHR reporting is in place already
· Exposure headroom
· Dynamic or Multiple maxUplinkdutycycle



As RAN4#93 agreed that MAC-CE is suitable for MPE signaling, in this contribution we only consider MAC-CE based 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, the antenna is low loss 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 [5]), 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, all PC3 UEs will require both a restriction on P-MPR and on duty cycle, when the user nearly touches the array [4]. 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.
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. 
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. 

To ensure that the network receives the MPE event indication, the UE may need to 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. 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 and MAC CE enables fast signaling. 
Proposal 1: Send fast emergency signal of detected MPE event to the network before restricting its UL power and/or transmission).
Once 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). For further network assistance to decide suitable actions, the UE’s UL energy budget can also be indicated to the network by signaling a BackOff (P-MPR) report using MAC CE. This BackOff (P-MPR) report might be requested or periodically scheduled by the network upon receiving the emergency signal. Optionally, UE could also be allowed to send this additional BackOff assistance together with the MPE event indication if UE’s MPE situation is not too severe and transmission of BackOff assistance could also be done before UE Tx power restrictions. BackOff (P-MPR) reporting as part of the emergency MPE event reporting could have more rough reporting resolution and accuracy than separate BackOff (P-MPR) assistance reporting.

Proposal 2: After having sent the emergency signal, the UE may constrain its UL power and/or transmission. Then, the UE should provide further assistance to the network by sending BackOff (P-MPR) reports.
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
If the network receives the BackOff report from the UE in addition to the indication of MPE event, the network can assess 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.

In addition to avoiding 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) until the MPE event at the UE is over.


Observation 1: 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.
Below in Proposal 4 we have summarized the needed UE MPE reporting mechanisms discussed in this session. For all the signaling we have assumed MAC CE signaling as agreed in the last RAN4 meeting.

Proposal 3: MAC CE based UE MPE reporting mechanisms should include the following aspects:
·   Event-triggered reporting when UE detects MPE event
·     Network defines threshold for MPE event-triggering in terms of amount of BackOff (P-MPR) the UE at least needs due to MPE reasons to trigger an event (e.g. with 5 dB threshold the MPE event would be triggered to the network if UE needs 5 dB or more P-MPR due to MPE compliance reasons)

·     This MPE event report is reported by the UE before restricting its transmit power

·     This MPE event reporting may also optionally include rough BackOff (P-MPR) report if the reporting can be done without restricting UE transmit power and without further delays
·   Assistance reporting during MPE event (after MPE event-triggered reporting) the UE may be requested to provide further BackOff (P-MPR) assistance reporting to the network
·     This BackOff (P-MPR) reporting may be event-triggered reporting (one event after the emergency MPE event reporting) or periodical BackOff (P-MPR) reporting, where e.g. periodicity may be configured by the network 
3. Details for MPE signaling 
In this section we provide further analyses for the FR2 MPE Solutions proposed in the previous section. 

1. MPE emergency event indication: MAC CE MPE trigger indication
Upon triggering the MPE event, the UE may send an indication of the MPE event to the network. The network defines threshold for the MPE event in terms of amount of P-MPR that the UE needs at least due to MPE compliance reasons (e.g. with 5 dB threshold the MPE event would be triggered from the UE to the network if UE needs 5 dB or more P-MPR due to MPE compliance reasons) It is important that the emergency signal is sent with fast signaling and therefore it should be possible to configure this emergency alert signaling such that UE can send the message without additional delays. This could better enable the UE to send the message without taking further P-MPR yet due to MPE reason. This message may only indicate the MPE event (i.e. emergency signaling or it may also contain information about rough estimate of the P-MPR). 

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 amount whereas emergency alert to the network should only be sent if the UE has real FR2 MPE issue and indicated threshold for needed P-MPR for MPE reasons is exceeded. It is also worth noting that the current P-bit is not only related P-MPR due to MPE reasons and therefore, the P bit may be set true if the UE needs to use P-MPR for other power management reasons.
2. MPE BackOff (P-MPR) assistance report: 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 determines the required P-MPR based on current duty cycle and sends it in the BackOff report under MPE constraints. This MPE BackOff (P-MPR) assistance signaling to the network can also be sent using MAC CE but since the emergency MPE alert is already sent to the network, this assistance signaling could also be done using RRC signaling. The granularity for the MPE P-MPR assistance signaling could be somewhat finer than potential rough P-MPR (BackOff) indication as part of the MPE emergency alert. 
Proposal 4: The MPE event-triggered emergency signaling may be MAC CE, e.g. PHR indicating that an MPE event has been triggered. The message may also include an indication of the BackOff power (P-MPR) in relation to the current UL duty cycle. 
Proposal 5: The MPE assistance mode signaling may be MAC CE or RRC, e.g. the network can request or periodically schedule BackOff reports (e.g. PHR with P-MPR) in response to receiving the MPE emergency signaling. BackOff reports enable the UE to dynamically report P-MPR and/or UL duty cycle during MPE events. 
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
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.
Observation 1: 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.
In the contribution we have discussed the remaining open items for completing the details for FR2 MPE mitigation solutions so that RAN4 could provide the missing details to RAN2 in RAN4#94 as agreed in the previous RAN4 meeting. In the document we make the following proposals:
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 should provide further assistance to the network by sending BackOff (P-MPR) reports.
Proposal 3: MAC CE based UE MPE reporting mechanisms should include the following aspects:

·   Event-triggered reporting when UE detects MPE event

·     Network defines threshold for MPE event-triggering in terms of amount of BackOff (P-MPR) the UE at least needs due to MPE reasons to trigger an event (e.g. with 5 dB threshold the MPE event would be triggered to the network if UE needs 5 dB or more P-MPR due to MPE compliance reasons)

·     This MPE event report is reported by the UE before restricting its transmit power

·     This MPE event reporting may also optionally include rough BackOff (P-MPR) report if the reporting can be done without restricting UE transmit power and without further delays

·   Assistance reporting during MPE event (after MPE event-triggered reporting) the UE may be requested to provide further BackOff (P-MPR) assistance reporting to the network

·     This BackOff (P-MPR) reporting may be event-triggered reporting (one event after the emergency MPE event reporting) or periodical BackOff (P-MPR) reporting, where e.g. periodicity may be configured by the network 

Proposal 4: The MPE event-triggered emergency signaling may be MAC CE, e.g. PHR indicating that an MPE event has been triggered. The message may also include an indication of the BackOff power (P-MPR) in relation to the current UL duty cycle. 

Proposal 5: The MPE assistance mode signaling may be MAC CE or RRC, e.g. the network can request or periodically schedule BackOff reports (e.g. PHR with P-MPR) in response to receiving the MPE emergency signaling. BackOff reports enable the UE to dynamically report P-MPR and/or UL duty cycle during MPE events. 
In [6] we propose to inform the remaining details on FR2 MPE solutions to RAN2 as discussed in this contribution and in the last RAN4 meeting.
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