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1. Introduction

In response to RAN1 LS to RAN4 in [1], RAN4 sent a reply in [2] with the following 
Question 1: If the UE supports a set of beams for a desired directivity, RAN1 would like to kindly inquire RAN4 when a UE selects a beam with a desired directivity from a limited set of beam choices, whether the UE could have an estimate of the directivity of the employed beam, and the possible accuracy of the estimation.

To question 1, the mechanism of UE beam selection is implementation-specific, may optimize a variety of metrics, and may not be necessarily constrained to the problem of selection of desired directivity. The EIRP of a beamformed transmission by the UE depends on a number of parameters, such as beam forming table optimization, finite beam forming table limitations, and the physical presence of shadowing elements (such as the user’s hand or fingers). Therefore, it is not always feasible for the UE to track or report the antenna gain value in a particular beam direction or the difference between the gain value in a particular beam direction and the peak EIRP, and also it is not always feasible for the UE to maintain an estimate of the directivity of the employed beam. RAN4 does not intend to define capability based on UE ability to track antenna gain value.
Question 2: RAN1 would like to kindly inquire RAN4 whether the approach B (e.g., Pcmax based on TRP) can be supported, and if it would result in any critical issue from RAN4 perspective.

To question 2, Approach B is feasible. However, RAN4 has agreed EIRP based maximam output power and EIRP based Pcmax will be defined. 
We discuss the impact of EIRP vs. TRP based P_cmax in this document. 

2. Discussion
For LTE, P_powerclass and P_cmax are defined at UE transmit antenna connector and so they can be considered as a bounds on ‘conducted power’ of the UE. While RAN1 specifications do not explicitly mention a reference point for P_PUSCH
, since P_PUSCH is limited by P_cmax which in turn is limited by P_powerclass, the reference for these terms can be considered as the UE transmit antenna connector as illustrated in Figure 1.
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Figure 1 – Transmit power reference for LTE
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Figure 2 – Options for possible transmit power reference 
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However, for the mmwave case, RAN4 has discussed the following options for P_cmax. 
Approach A): EIRP-based definition for Pcmax is used in RAN1 specification. 

· In order to make RAN1 power control framework compatible with this approach, transmit power of PUSCH/PUCCH/SRS/PRACH should be specified as EIRP.

· NR power control equations also need to take into account UE beam directivity factor. However, RAN1 is not sure about the availability/accuracy of UE beam directivity estimation. 

 

Approach B): A Pcmax similar to LTE (e.g., based on TRP) is used in RAN1 specification. 

· This approach is compatible with  RAN1 power control framework and transmit power of PUSCH/PUCCH/SRS/PRACH can be specified in a similar way as LTE.

Current RAN4 agreement is EIRP based P_cmax which would require RAN1 to specify Approach A. However, RAN4 indicated that Approach B is also feasible.

With Approach B the power control framework for NR to be similar to LTE, which has been the assumption in RAN1. However, with this option, since UE transmit antenna connector(s) are not expected to be available for mmwave, the P_PUSCH term will not be directly measurable. Given this, the mechanism for adjusting P_PUSCH while taking into account UE’s EIRP limitation (given by P_powerclass) is needed and this would require RAN4 to support Approach B that they have already indicated as feasible. 
With Approach A, similar to P_powerclass, P_PUSCH term will also inherently include UE’s directive antenna gain and is measurable via OTA tests. Also, maximum limits on P_PUSCH can be specified by directly comparing it to P_powerclass. However, with this option, RAN1 power control framework has to be modified. Using LTE power control formula as starting point, UE transmit EIRP for PUSCH (referred hereafter as P1_PUSCH to differentiate with LTE term) can be specified as below
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where

· P1_PUSCH(i) is the EIRP at which the UE is expected transmit PUSCH in slot i 

· P1_cmax(i) is the max EIRP that the UE can achieve for transmission in slot i

There is no need to explicitly include the ‘transmission direction’ of the transmission in the power control equation. i.e., by defining the above terms as EIRP, the directivity aspect is implicitly specified. 

For comparison with LTE, P1_PUSCH can be expanded as below 

P1_PUSCH(i)  = P_PUSCH(i) + G_TxUE dBm (2-1)

where

· P_PUSCH(i) is the conducted power at ‘UE transmit antenna connector’ 

· G_TxUE is the UE antenna gain while transmitting PUSCH

As noted earlier P_PUSCH is not measurable for mmWave case as UE transmit antenna connector is not expected to be available. Also, P1_PUSCH includes the UE transmit antenna gain (G_TxUE).

One issue with Approach A (i.e., directly controlling UE EIRP) is, unlike LTE power control, changes in UE antenna gain are not implicitly compensated by the open loop part of the power control formula. This is illustrated by example scenarios shown in Table 1. If the UE is able to estimate its antenna gain, the issue with Approach B may be resolved by changing the transmit power to account for variations in UE antenna gain. In general, the achievable accuracy for antenna gain estimation especially for UEs in live operating conditions is not clear and the LS response from RAN4 now confirms that accurate UE antenna gain estimation is generally not feasible. If the imbalance cannot be compensated at UE side, gNB will have to rely on TPC commands to overcome the changes in UE transmit EIRP due to antenna gain variations.
Given the above discussion, and since the reply LS indicates that that Approach B is feasible from RAN4 perspective, our preference is to continue using a PC framework based on this approach in RAN1.
Table 1 – Illustration of difference between LTE open loop PC and EIRP based open loop PC.

	Scenario
	Impact with LTE open loop PC
	Impact with EIRP-based open loop PC

	Propagation gain between UE and eNB/gNB reduced by XdB (e.g. due increased shadowing loss)
	· RSRP reduces by XdB

· PL term increases by XdB

· UE conducted power (P_PUSCH) is increased by XdB, so that received power at eNB is maintained according to P0


	· RSRP reduces by XdB

· PL term increases by XdB

· UE EIRP (P1_PUSCH) is increased by XdB, either by increasing conducted power or by changing Tx antenna gain so that received power at gNB is maintained according to P0



	UE receive antenna gain reduced by YdB (e.g. due to change in orientation)
	· RSRP reduces by YdB

· PL term increases by YdB

· UE conducted power (P_PUSCH) is increased by YdB, and if UE transmit antenna gain also falls by YdB (i.e., reciprocally with Rx antenna gain change), the increase in conducted power compensates the loss of antenna gain (i.e., same EIRP is maintained) and received power at eNB is maintained according to P0.


	· RSRP reduces by YdB

· PL term increases by YdB

· UE EIRP (P1_PUSCH) is increased by YdB and consequently received power at gNB is increased by YdB although P0 is same. Note that if UE transmit antenna gain falls by Y1dB (i.e., Y1=Y if Tx and Rx antenna gains are reciprocal) UE conducted power should be increased by Y1+Y dB to increase the EIRP by YdB.




3. Conclusions
Proposal

· For mmwave case, a Pcmax similar to LTE (e.g., based on TRP) is used in RAN1 specification
· Send LS to RAN4 requesting them to specify a P_cmax for the above approach (i.e., Approach B)

· Note: RAN4 confirmed that this is feasible from RAN4 perspective.

.
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� The discussion here uses PUSCH power for simplicity. However, the same considerations apply to power control of other channels/signals
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