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1. Introduction

In last RAN2#100 RAN2 sent an LS to RAN4 on PHR mapping table for FR1 and FR2:
	1. Overall Description:
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.
2. Actions:
To RAN4 group
ACTION:  RAN2 kindly ask RAN4 to answer following question:
Q1: Whether an additional mapping table for power headroom levels will be defined for FR2?


In this contribution, we provide our view on this and propose corresponding reply.
2. Discussion
The PHR calculation method can be found in TS38.213 section 7.7:
For PUSCH:
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For SRS:
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Compared with PHR calculation in LTE in TS36.213 section 5.1, one can see that the fundamental idea is basically the same. Specifically, the power headroom shall be PCMAX minus Pestimatied, where Pestimatied depends on the several factors, e.g. transmission bandwidth, expected received power at BS, downlink path-loss and etc.
As we all know, Tx power requirements become quite complicated in mmWave, where conducted power is very challenging to be tested. However, RAN1 made their agreement that power control method in NR is FR agnostic [3]:

	Conclusion:

From RAN1 perspective, RAN1 assumes Pcmax,c(i) is frequency agnostic in the power control and PHR formula. 


In order to align with RAN1, RAN4 also decided that PCMAX in mmWave shall also base on conducted power. Therefore, it can be observed that PHR calculation in NR is FR agnostic.
Observation 1: PHR calculation in NR is FR agnostic.
The PHR mapping table consists of two aspects, i.e. mapping resolution and range, respectively. Regarding mapping resolution, which is 1dB in LTE specification currently, we don’t see any reason to change it. As for mapping range, we do see the need to do some study. 

One thing should be highlighted is that PHR value can be negative for the case that Pestimatied is larger than PCMAX according to network scheduling, which can be valuable for RRM algorithms such as closed loop power control, adaptive MCS and adaptive transmission bandwidth [2]. For instance, assuming UE is very far away from BS and it can only supports one RB transmission even with maximum TX power (e.g. 23dBm) due to large path-loss. Somehow lacking of UE power headroom information, network schedules the UE to do the uplink transmission on the full bandwidth (100RB in LTE). To meet this request, the total TX power from UE shall be increased by 10log(100RB/1RB)=20dB, which obviously cannot be achieved. Thus in next power headroom reporting period, -20dB should be reported. Considering some other margins, e.g. higher order MCS, we can get the lower bound of PHR mapping, which is -23dB. 
Similar story for positive range in the mapping. Network can increase the uplink transmission bandwidth from 1RB to 100RB as long as the PHR is larger than 20dB. Besides, considering higher MCS, PHR range should be larger than 20dB. Since we had 6 bits for PHR, the range in LTE was then decided from -23dB to ≥ 40dB.
When we come to NR, a difference is that the largest bandwidth is increased, which can be found the TS38.101:
Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[TBD]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[TBD]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[TBD]
	51
	65
	79
	107
	135


As can be observed that currently the maximum transmission bandwidth is 273RB. Compared with 100RB in LTE, this would introduced additional 4.37dB in PHR range. On the other hand, considering forward compatibility e.g. higher and higher MCS to be supported in future, it could be considered adding 1 bit on existing PHR mapping in LTE. If we can agree on 7 bits for PHR, the range would be doubled (e.g. from -64dB to 64dB), which would also be safer to have a single mapping table for both FR1 and FR2. Regarding the detailed mapping table, it can be further discussed in performance part. Here we propose:
Proposal 1: a single PHR mapping table would be used for both FR1 and FR2.

Proposal 2: 7 bits can be considered for the PHR mapping in NR.
3. Conclusions
In this contribution we provide discussion on PHR mapping based on RAN2 LS. After discussion the following conclusions are made:

Observation 1: PHR calculation in NR is FR agnostic. 
Proposal 1: a single PHR mapping table would be used for both FR1 and FR2.
Proposal 2: 7 bits can be considered for the PHR mapping in NR.
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