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1
Introduction

In RAN4#94bis-e meeting, LS from RAN2 on p-Max for FR2 [1] was discussed and the way-forward [2] was agreed in the following.
· Companies are encouraged to study how p-Max functionality can be implemented and analyse especially accuracy of the proposed solution

· Companies participating Intel, vivo, Huawei

· Companies are encouraged to present motivation for introducing p-Max

· Target is to conclude how the requirement can be captured to ensure implementation is usable

· Companies in discussion Nokia, Ericsson, NTT Docomo

· Send Reply LS to RAN2 to inform them on the status and RAN4 would have further discussion on this issue

In this contribution, we present the motivation to have p-Max for FR2.

2
Discussion

In Rel-15, the extension of p-Max to FR2 was discussed but was not agreed because of the following reasons.
· The proposal came too late in Rel-15.
· The limiting EIRP was thought impractical in UE implementation due to large variation in radiated domain.
· The limiting TRP was thought feasible however the use case was not clear as there was no regulatory requirement to have additional TRP limitation more than already there.

Therefore, RAN4 agreed not to introduce p-Max in Rel-15 timeframe and agreed further study in Rel-16 [3].
Use cases for having p-Max in FR2 were discussed in Rel-15 such as the need of limiting the UE emissions in special environments such as in hospitals. However, no such regulation or guideline was identified.

Now a new use case of having p-Max is of great interest. Unsynchronized network operation has been discussed recently for various vertical services in 5G applications, as some use cases are uplink dominant, while typical MNO service for eMBB applications are downlink dominant. It is not optimum for all services use the same slot formats with the same UL/DL ratio for entire frequency range in FR2 bands. Many administrations are discussing opening some of mmWave spectrum to non-MNO services. For example, Japan has already allocated 100 MHz of band n257 to so called “local 5G” service and additional 800 MHz is also considered for the service. Various type of applications for local 5G services require different UL/DL configurations while major mobile network operators are agreed to synchronize networks each other with one single configuration.

The coexistence of these two types of services with different UL/DL ratios require interference coordination among operators. The synchronized operation is prioritized while the unsynchronized operation shall protect the synchronized operation. For local 5G services in FR1, p-Max can be used and recommended by the administration as one of the tools to mitigate the interference due to different slot formats. However, lack of mechanism in FR2 to limit the UE maximum output power is a disadvantage for local 5G operators to coordinate the interference with prioritized synchronized network operators.

Therefore, it is proposed to have p-Max in FR2 so that operators can have a mechanism to limit the interference in unsynchronized operations.

Proposal 1: It is proposed to introduce p-Max in FR2 for interference suppression purpose for operators to coordinate in unsynchronized network operation.
It has been already discussed that EIRP approach is difficult in UE implementations. For example, an implementation based on a phased antenna array will require accurate calibration to control the maximum EIRP; a small variation in element antenna may result in large variation in EIRP.

For interference mitigation in unsynchronized networks, it is important not to affect the overall system performance of the victim network. The interference in long term average is more important than the instantaneous interference; therefore, TRP approach can work for the coordination of unsynchronized network operations.
Proposal 2: p-Max in FR2 is based on TRP metric.

The range of p-Max that can be signaled is (-30..33) defined in TS 38.331. The range does not work for PC1, which is up to 35 dBm TRP. Therefore, the range shall be redefined for FR2 in Rel-16. As we do not know if another power class with more than 35 dBm TRP is introduced or not, the range shall be future proof. It is also preferred to keep the same number bits (i.e., 6 bits) by mapping the existing FR1 values for FR2 as suggested in [6] because large impact to ASN.1 is expected if range is simply extended from FR1. The upper range would be sufficient up to 43 dBm which is similar to macro base station transmit power. Then, the lower range becomes -20 dBm. In the use cases studied for local 5G services [9], 6 dB suppression has been considered for UE-UE coexistence mitigation of unsynchronized network operation, therefore, this change of the lower range for FR2 does not cause major issues. In conclusion, the range (-20..43) is proposed to FR2 by assuming that p-Max IE is mapped to different values in FR2.
Proposal 3: The range of p-Max for FR2 is (-20..43)
RAN2 made a fix [4] to ignore p-Max and assume Pcompensation = 0 for FR2 in Rel-15. This is not a desired solution and should be properly specified in Rel-16 once p-Max is introduced to FR2. As Pcompensation factor for FR1 is defined in conducted domain, the same formula cannot be simply applied to FR2 due to different metrics are used for OTA based power class in FR2. In TS 38.304, Pcompensation for FR1 is defined in the following.
For FR1, if the UE supports the additionalPmax in the NR-NS-PmaxList, if present, in SIB1, SIB2 and SIB4:

max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB)
For FR2, power class, PPowerClass, is defined in EIRP taking the antenna gain of beam forming into account. However, p-Max is now proposed to be TRP. Therefore, it is more suited to use TRP metric in Pcompensation for cell selection and reselection purposes. This is also aligned with that the measurement for RRM such as RSCP does not include antenna gain, i.e., RRM measurement is based on 0 dBi reference antenna gain using a wider beam.
For the sake of mobility management, the network should use the UE average performance rather than the instantons performance depending on the rotation angle of UE’s position caused by how users hold their smartphone, 0 dBi antenna gain is a reasonable reference than the peak EIRP based, which depends strongly on the angle of arrival. Therefore, for the compensation in cell selection and reselection, it is better not to use EIRP based power as it may change quite rapidly. TRP based power better meet the mobility requirements.
Therefore, we propose Pcompensation factor for FR2 is based on TRP metric in the following.
For FR2, if the UE supports the additionalPmax in the NR-NS-PmaxList, if present, in SIB1, SIB2 and SIB4:

max(PEMAX1 – TRPMAX, 0) – (min(PEMAX2, TRPMAX) – min(PEMAX1, TRPMAX)) (dB);

else:

max(PEMAX1 – TRPMAX, 0) (dB)
Proposal 4: Pcompensation shall be based on TRP metric that is compensated by p-Max.
The CR to include p-Max in TS 38.101-2 has been prepared in a companion document [10] as well as the draft reply LS to RAN2 [11].

3
Conclusions 

It is proposed to introduce p-Max for FR2 in the following.
Proposal 1: It is proposed to introduce p-Max in FR2 for interference suppression purpose for operators to coordinate in unsynchronized network operation.
Proposal 2: p-Max in FR2 is based on TRP metric.

Proposal 3: The range of p-Max for FR2 is (-20..43)
Proposal 4: Pcompensation shall be based on TRP metric that is compensated by p-Max.
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