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1 Introduction
In the last meeting, RAN2 sent an LS [1] to RAN4 with the following contents:
For EN-DC, MeNB doesn’t know the configured carrier frequency of serving cells on SgNB (it only knows the SCell Indices used by SgNB). When MeNB receives the PHR of serving cells on SgNB with SCellIndex, it can interpret the PHR correctly only if there is one table to map PHR to real PH value for both FR1 and FR2. Otherwise MeNB can’t interpret the PH values correctly. Therefore, RAN2 would like to understand whether separate mapping tables will be specified for FR1 and FR2 respectively or not.
RAN2 kindly ask RAN4 to answer following question:

Q1: Whether an additional mapping table for power headroom levels will be defined for FR2?

In the current contribution, we discuss the PHR mapping and requirements, in relation to the above RAN2 LS.
2 Discussion
UE reports its PHR (which can also be negative) to the network to indicate the difference between the UE maximum transmit power (
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) and the current calculated UE transmit power. Since the PHR is reported for the same subframe in which it is transmitted, it is a prediction rather than a direct measurement. Type 1 PHR indicates the power headroom assuming PUSCH-only transmission on the component carrier, Type 2 PHR assumes joint PUSCH and PUCCH transmission, and Type 3 PHR assumes no PUSCH/PUCCH but accounts for SRS.
2.1 PHR in LTE
In LTE, the following PHR requirements exist in TS 36.133:
· PHR estimation period: The reported power headroom shall be estimated over 1 subframe. When extendedPHR is not configured [TS 36.321], the Type 1 power headroom shall be estimated for the primary serving cell as defined in clause 5.1.1.2 in TS 36.213. When extendedPHR is configured [TS 36.321], the Type 1 and Type 2 power headroom shall be estimated for each activated serving cell with configured uplink as defined in clause 5.1.1.2 in TS 36.213.

· PHR delay: The power headroom reporting delay is defined as the time between the beginning of the power headroom reference period and the time when the UE starts transmitting the power headroom over the radio interface. The reporting delay of the power headroom shall be 0 ms, which is applicable for all configured triggering mechanisms for power headroom reporting.
· PHR mapping: The mapping covers the range from -23 dB to +40 dB, with 1 dB resolution (which requires 6 bits).
· Inclusion of PCMAX,c: When extendedPHR is configured and UE is required to include PCMAX,c , which was used for claculating the corresponding PHR, in Extended PHR MAC control element as defined in subclause 5.4.6 in TS 36.321; the UE shall calculate the PCMAX,c per activated serving cell c for UL-SCH transmission according to subclause 6.2.5A of TS 36.101 over 1 subframe.
Furthermore, in RAN4#85, the following was agreed [3] for the PHR estimation period with shortened TTI:

· The reported power headroom shall be estimated over 1 slot or subslot in use by the UE for the uplink.
Note, however, that the PHR mapping remains the same also with shortened TTI.
2.2 PHR in NR
In NR, PHR will still be carried in MAC CE and is meant to be based on the same principles as PHR in LTE [4].
Hence, the evaluation period and the delay are likely to be the same, i.e., one TTI and 0 ms, respectively.
However, one can envision that the PHR range may need to be wider for FR2 compared to FR1 due to, e.g., high directional gains with narrow beam beamforming and UE power classes defined for NR (up to 55 dBm EIRP). Therefore, two approaches are possible when defining the PHR range in NR:
· Option 1: a common PHR mapping table suitable for both FR1 and FR2,
· Option 2: different PHR mapping tables for FR1 and FR2.
With Option 1, the same or different PHR ranges can be used for FR1 and FR2. While with Option 2, different PHR ranges are assumed, particularly if the same PHR step size is considered.
In either case, since the power control granularity remains the same in NR as in LTE, it is reasonable to assume the same PHR granularity and thus the same step size in the PHR mapping table for FR1 and FR2.

· Proposal 1: Reuse the LTE PHR mapping step size (1 dB) in NR for both FR1 and FR2.
· Observation 1: PHR is limited at least by UE power class and regulatory requirements.
In Rel-15, a new UE power class is to be introduced for CPE with up to 55 dBm, which can motivate a wider PHR range from Rel-15. This means that the currently used 6 bits for PHR are no longer sufficient and 1 more bit is needed. 
· Proposal 2: Increase the number of bits for PHR from 6 bits to 7 bits.
· Observation 2: 7 bits would allow for 128 PHR levels with 1 dB resolution, which is sufficient for NR, for both frequency ranges and all NR UE power classes.
· Proposal 3: Based on 7 bits PHR field length, specify a single PHR mapping table (i.e., Option 1), assuming that the UE will report the PHR values from this table according to its capabilities and all the relevant requirements, i.e., the reportable values for FR1 and FR2 may also be different.
3 Summary
The following has been proposed and observed in this paper:
· Observation 1: PHR is limited at least by UE power class and regulatory requirements.
· Observation 2: 7 bits would allow for 128 PHR levels with 1 dB resolution, which is sufficient for NR, for both frequency ranges and all NR UE power classes.

· Proposal 1: Reuse the LTE PHR mapping step size (1 dB) in NR for both FR1 and FR2.
· Proposal 2: Increase the number of bits for PHR from 6 bits to 7 bits.
· Proposal 3: Based on 7 bits PHR field length, specify a single PHR mapping table (i.e., Option 1), assuming that the UE will report the PHR values from this table according to its capabilities and all the relevant requirements, i.e., the reportable values for FR1 and FR2 may also be different.
A draft LS response to [1] is provided in [2].
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