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1 Introduction

In the RAN4 #84 meeting, we proposed new approach for NR HPUE [1]. In this contribution, we provide further clarification and justification for proposed approach.
2 Discussion

Recently, there have been continual demands from operators on HPUE to compensate unbalance between DL and UL link budgets and such demands especially more concentrated in high frequency range having relatively high propagation loss. As a results, we already introduced new PC2 UE in LTE Band 41 and also in NR 3.5 GHz frequency bands.
For necessity of HPUE, typical cell coverage is mainly bounded by UL coverage since UE Tx power can’t be easily increased whereas BS Tx power can be increased. The reason for UE Tx power limitation is tightly coupled with SAR(Specific Absorption Ratio) to protect any potential issue on human body. Therefore, LTE requirements in 3GPP define PC3 as baseline considering handheld UE type and maximum transmit power of PC3 is limited up to 23 dBm. Anyway, if there is some method to increase UE Tx power without SAR restriction, cell coverage can be expanded. 

For impact on cell coverage from HPUE, all existing pathloss equation can be simply expressed as follows;
PL [dB] = A + Blog10(d)                                                                              Eq.1
From Eq.1, A and B can be varied for each specific pathloss model and expressed in terms of function of carrier frequency(f), BS antenna height(hB), and UE antenna height(hM). Since MAP(maximum allowable pathloss) on cell coverage can be directly proportional to UE Tx power in UL, we can formulate relative UL cell coverage ratio based on Eq.1 as follows;
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                                                                             Eq.2
At this analysis, we would like to use B of 20 from freespace pathloss model, because well-known okumura-hata pathloss model can be only valid up to 2GHz. Anyway, even if we consider another pathloss model, relative cell coverage expansion can be easily expected by using Eq.2. Since power difference of PC2 and PC3 is 3 dB, we can get 41 % of relative cell range expansion for PC2 UE from Eq.2. It means that about 100% of additional cell area in terms of UL can be expanded and as a results, only half of gNB is required compared to the number of gNB considering PC3 UE. 
Observation 1. By introducing PC2 UE, cell area can be expanded up to twice.

Anyway, one important restriction we think is that all UE in same cell should have same power class regardless of its form-factor. If multiple power class is used in same cell, its service coverage might be depends on its power class. As a results, for certain UE having low power class may have service restriction especially in cell edge.
Observation 2. All UE in single cell should have same power class to provide same cell coverage.

To fully utilize the advantage of HPUE, UE operating with single UL might be beneficial considering coverage and UE power consumption regardless of its DL CA operation. That is the reason all HPUE WI concentrate in single UL operation. Anyway for this situation, UL capacity is limited and it might prevent to introduce some useful use case requiring high UL T-put(e.g personal mobile brocasting). We can imagine following deployment scenario in Figure 1. To guarantee certain level of cell coverage, operator might use UL only in PCC as anchor carrier providing wide cell coverage and SCC can be used as supplementary DL carrier to provide high DL T-put.
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Figure 1. Example of deployment scenario
In this case, if we follow same approach in LTE Band 41[2], additional restriction on UL/DL configuration might effect on UL T-put which is already provided only on PCC. In new NR system, we believe that 3GPP should provide the flexibility for all technical aspects as much as possible. Also, 3GPP already covered various type of UE including vehicle UE since use case in car become increasingly important scenario in new NR system. Considering various type in UE, some type of UE might not have SAR issue, especially in car application and other transportable stations. Thus, if gNB can distinguish its type of UE, operator can fully utilize HPUE without restriction such as restricted UL/DL configuration in LTE Band 41 while provide same coverage for all UE in cell. As method to distinguish its type of UE for HPUE application, we proposed to introduce additional UE capability signaling to report averaged allowable maximum transmit power depending on SAR[1]. By introducing such kind of UE, gNB can have different scheduling strategy for different type of UE without any fixed UL/DL configuration restriction.
Proposal 1. Introduce additional UE capability signaling for averaged maximum transmit power.
For details of its operation, RAN4 need to further study if proposal 1 is agreeable within group. Also we think that this option can be also beneficial for HPUE of LTE.
3 Conclusion
In this contribution, we provide further clarification and justification on UE signaling we proposed last meeting.
Proposal 1. Introduce additional UE capability signaling for averaged maximum transmit power.
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