3GPP TSG-RAN WG4 #82bis	R4- 1703876
April 3rd – 7th, 2017
Spokane, Washington, USA 


Agenda item:	10.4.2.2
Source: 	Qualcomm Incorporated 
Title: 	On UE transmit power requirements for mmW
Document for:	Approval
[bookmark: _Ref463014664]Introduction
In the previous RAN4 meetings, it was discussed how to define the maximum transmit power requirements for NR operating in millimeter waves (mmW) bands. In this contribution we provide system level information to clarify what requirements would be needed to guarantee a target performance. In particular, we will focus on the need to specify a maximum Total Radiated Power (TRP) requirement. 
Discussion
Comparted to LTE specifications in which requirements are conducted measurements (“at antenna port”), in NR mmW, because of the integrated antenna design, there is a clear need to specify radiated requirements. EIRP and TRP requirements were discussed in previous RAN4 meetings [1][2][3], with the following action items agreed [2]:
· Tx Power - EIRP
· Actual EIRP value should be studied
· How the requirement will be defined in terms of spatial coverage should be studied
· Whether a maximum allowed TRP requirement or other alternative requirements are needed or not should be studied
[bookmark: _GoBack]In the following we provide system level observations to help answering the above open issues.
During the coexistence study, the following assumptions were adopted for UL simulations:
· UE conducted power: 23dBm
· Number of antennas per panel: 4
· Number of polarization: 2
· Antenna element gain: 5dBi
Following the above assumptions, a total EIRP of 34dBm is achieved (31dBm per polarizing).
Observation 1: an EIRP equal to 34dBm (31dBm per polarization) was used in the NR adjacent channel coexistence to determine ACLR and ACS requirements.  
As a consequence, it seems to be natural to target 34dBm as UE transmit power EIRP target. To understand the importance to specify a target EIRP, we can make a comparison of the system level performance by keeping the same conducted power (or TRP in case of no losses) and varying the achievable maximum EIRP. Following this approach, in Figure 1 we adopted the following assumptions:
· Indoor scenario (UL)
· TRP = 23dBm
· 2 polarizations 
· Two antenna and TRP configurations
· 2 x 1 antenna in each panel with 31dBm EIRP
· 2 x 2 antenna in each panel with 34dBm EIRP (as in RAN4 adjacent channel coexistence study [4])
· Power control is set to have same SINR target for the two simulations 
As it can be observed, increasing EIRP by keeping same TRP brings performance benefits. This is related to the better directivity of the system, i.e. the better spatial control of the co-channel interference. 
In terms of requirements, a maximum EIRP needs to be defined to make sure in a given direction the radiated power is limited to a maximum value. This is needed in many regulatory domains. However, based on the analysis in Figure 1, from a system level point of view it would be beneficial to guarantee that a minimum EIRP is satisfied. This would allow to ensure that a minimum level of directivity is achieved and therefore a target system performance is guaranteed. A more detail analysis of how the a minimum EIRP requirement can be specified can be found in [5][6]. 
Observation 2: a requirement specifying a minimum EIRP level would allow to guarantee a minimum system level performance.
[image: ]
[bookmark: _Ref473033737]Figure 1. UL SIR CDF for Indoor scenario with a fixed TRP of 23dBm.
Focusing now on TRP, we need to understand if defining a maximum TRP requirement is needed given that EIRP requirements will be specified in any case. The TRP represents the total amount of power which UE will radiate, therefore the cumulative co-channel interference injected into the network. In an ideal case of no antenna losses or mismatches, UE would be able to radiate all the power delivered by the PAs, i.e. a total TRP of 23dBm (assuming the agreed coexistence simulation assumptions). Note that ACLR and ACS requirements were derived by assuming the above assumptions. 
It is natural to expect that, if we keep the same EIRP, increasing TRP would lead to an increase of the amount of co-channel interference, hence poorer system performance. This is shown in Figure 2, where we compare the uplink signal to co-channel interference ratio (SIR) in case of fixed EIRP and for different TRP values. In particular, the following assumptions were used:
· Indoor scenario (UL)
· EIRP = 34dBm
· 2 polarizations
· Two antenna and TRP configurations
· Isotropic antenna (0dBi gain) with 34dBm TRP
· Antenna configuration as in RAN4 coex simulation assumptions ([4]) and 23dBm TRP 
· Power control is set to have same SINR target for the two simulations 
As it can be observed, and as expected, the case of higher TRP and lower antenna gain brings worse performance. This is due to the fact that, while the available signal level is the same for the two cases (same EIRP), the amount of co-channel interference is increased due to the higher total radiated power. 
Observation 3: increasing TRP while keeping the same maximum EIRP will increase the amount of co-channel interference, and thus degrade system level performance.
Based on the above observation, we propose to specify a maximum TRP value in NR RF specifications for mmW:
Proposal: a maximum TRP values should be defined in NR mmW specifications.
[image: ]
[bookmark: _Ref473024392]Figure 2. UL SIR CDF for Indoor scenario with a fixed EIRP of 34dBm.
As already mentioned, it is worth noticing that the TRP requirement for NR will be equivalent to the LTE conducted requirement in case of ideal antenna losses and mismatches. 
Following the observations and proposals provided in this paper, in [9] we also discuss and make proposals for the UE power class definition in mmW bands.  
Conclusions
In this contribution we provided system level simulation to evaluate the impact of UE transmit power TRP and EIRP requirements on the overall system level performance. Based on the analysis carried out, we made the following observations:
Observation 1: an EIRP equal to 34dBm (31dBm per polarization) was used in the NR adjacent channel coexistence to determine ACLR and ACS requirements.  
Observation 2: a requirement specifying a minimum EIRP level would allow to guarantee a minimum system level performance.
Observation 3: increasing TRP while keeping the same maximum EIRP will increase the amount of co-channel interference, and thus degrade system level performance.
Based on the observation 3, we also made the following proposal:
Proposal: a maximum TRP values should be defined in NR mmW specifications.
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