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1. Introduction

PHR is one of important RRM requirement in performance part. In previous RAN4 meeting, there was some discussion on the potential range of PHR in NR. Although RAN4 somehow revised agreement on 7 bits mapping to a 6 bits one, it is still not clear in RAN4 on the exact range of PHR in NR.
In this contribution we further discuss the potential range of PHR and give a preliminary mapping table as a starting point to move forward.
2. Discussion
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 safer to extend the PHR mapping range on top of existing table in LTE specification. 
Observation 1: current the low boundary of -23dB in LTE PHR range may not be low enough to cover NR.
Proposal 1: it could be safer to extend the current PHR range a bit.

Since RAN2 had concern on extending 6 bits to 7 bits, RAN4 can only change the range by modifying the mapping table. As commented from some company, people are not so sure about this extension. To address this, we propose to keep the most important area with 1dB resolution as the way it is, and only extend the both side. To be honest we agree that most typical values are mainly in the middle of the current mapping. But in our view, we do need to extend the range a bit to cope with larger BW and higher MCS. Thus we preliminarily give an example on the new mapping as follow. RAN4 can use it as a starting point and further discuss the mapping:
Table 1: Power headroom report mapping in NR
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	PH ( -32

	POWER_HEADROOM_1
	-32 ( PH ( -30

	…
	…

	POWER_HEADROOM_10
	-14 ( PH ( -12

	POWER_HEADROOM_11
	-12 ( PH ( -10

	POWER_HEADROOM_12
	-10 ( PH ( -9

	POWER_HEADROOM_13
	-9 ( PH ( -8

	POWER_HEADROOM_14
	-8 ( PH ( -7

	(
	(

	POWER_HEADROOM_50
	27 ( PH ( 28

	POWER_HEADROOM_51
	28 ( PH ( 29

	POWER_HEADROOM_52
	29 ( PH ( 31

	POWER_HEADROOM_53
	31 ( PH ( 33

	…
	…

	POWER_HEADROOM_62
	49 ( PH ( 51

	POWER_HEADROOM_63
	PH ≥ 51


As can be seen in table 1, we try 1.5 dB resolution for PHR below -10dB and above 29 dB (yellow highlighted). And for the rest part (from -10dB to 28dB) we still keep the legacy 1 dB resolution (green highlight).
Proposal 2: RAN4 can start from talbe 1 when defining PHR mapping table in NR.
3. Conclusions
In this contribution we further discuss the PHR range and mapping in NR. After discussion the following conclusions are provided:
Observation 1: current the low boundary of -23dB in LTE PHR range may not be low enough to cover NR.
Proposal 1: it could be safer to extend the current PHR range a bit.
Proposal 2: RAN4 can start from talbe 1 when defining PHR mapping table in NR.
Table 1: Power headroom report mapping in NR
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	PH ( -32

	POWER_HEADROOM_1
	-32 ( PH ( -30

	…
	…

	POWER_HEADROOM_10
	-14 ( PH ( -12

	POWER_HEADROOM_11
	-12 ( PH ( -10

	POWER_HEADROOM_12
	-10 ( PH ( -9

	POWER_HEADROOM_13
	-9 ( PH ( -8

	POWER_HEADROOM_14
	-8 ( PH ( -7

	(
	(

	POWER_HEADROOM_50
	27 ( PH ( 28

	POWER_HEADROOM_51
	28 ( PH ( 29

	POWER_HEADROOM_52
	29 ( PH ( 31

	POWER_HEADROOM_53
	31 ( PH ( 33

	…
	…

	POWER_HEADROOM_62
	49 ( PH ( 51

	POWER_HEADROOM_63
	PH ≥ 51
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