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1 Background
One of the REL-15 NB-IoT enhancements objectives, which start in 2018, is [1]:
UE Feedback

Support of extended NB-IoT power headroom report range and finer granularity [RAN2, RAN4, RAN1]
In this contribution the RAN2 impact of enhanced PHR reporting is evaluated further.
2 Background

Power Headroom Reporting (PHR) in REL-13
In NB-IoT the Data Volume and Power Headroom Reporting (DPR) MAC control element (1 byte) enables the UE to report both the Data Volume (UL buffer size) and Power Headroom (difference between required and maximum transmit power) in MSG3, as specified in 36.321. For the Power Headroom 2 bits are used, i.e. four power headroom levels can be reported. The DPR MAC control element has two reserved bits. From 36.321:
5.4.5a
Data Volume and Power Headroom Reporting

The Data Volume and Power Headroom reporting procedure is only applicable for NB-IoT UEs and is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers associated with the MAC entity, and to provide the serving eNB with information about the difference between the nominal UE maximum transmission power and the estimated transmission power for UL-SCH transmission for the Serving Cell. The reporting is done using the DPR MAC control element, which is sent in Msg3 together with a CCCH SDU.
6.1.3.10
Data Volume and Power Headroom Report MAC Control Element

The Data Volume and Power Headroom Report (DPR) MAC control element is identified by the MAC PDU subheader used for the CCCH MAC SDU, as specified in table 6.2.1-2. It does not add any additional subheader and is always placed before the CCCH MAC SDU.

It has a fixed size and consists of a single octet defined as follows (figure 6.1.3.10-1):
-
Data Volume (DV): The Data Volume field identifies the total amount of data available across all logical channels and of data not yet associated with a logical channel after all MAC PDUs for the TTI have been built. The amount of data is indicated in number of bytes. It shall include all data that is available for transmission in the RLC layer, in the PDCP layer, and in the RRC layer; the definition of what data shall be considered as available for transmission is specified in [3], [4] and [8] respectively. The size of the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 4 bits. The values taken by the Data Volume field are shown in Table 6.1.3.10-1;
-
Power Headroom (PH): This field indicates the power headroom level. The length of the field is 2 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.10-2 below (the corresponding measured values in dB can be found in [9]);

-
R: reserved bit, set to "0".
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Figure 6.1.3.10-1: Data Volume and Power Headroom Report MAC control element

Table 6.1.3.10-2: Power Headroom levels for PH

	PH
	Power Headroom Level

	0
	POWER_HEADROOM_0

	1
	POWER_HEADROOM_1

	2
	POWER_HEADROOM_2

	3
	POWER_HEADROOM_3


The power headroom levels for NB-IoT, with CE level 0 and CE level other than 0, are defined in 36.133: 

Table 9.1.23.3-1: Power headroom report mapping for UE category NB1 when the enhanced coverage level 0 is selected during random access procedure [17]
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 ( PH ( 5

	POWER_HEADROOM_1
	5 ( PH ( 8

	POWER_HEADROOM_2
	8 ( PH ( 11

	POWER_HEADROOM_3
	PH ≥ 11


Table 9.1.23.3-2: NB-IOT power headroom report mapping in enhanced coverage when the enhanced coverage level other than 0 is selected during random access procedure [17]
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 ( PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -2

	POWER_HEADROOM_2
	-2 ( PH ( 6 

	POWER_HEADROOM_3
	PH ≥ 6


The UE computes the power headroom on a 15kHz single-tone transmit power for NB-PUSCH data transmission as defined in 36.213 (section 16.2.1.1.1 and 16.2.1.1.2):
If the UE transmits NPUSCH in NB-IoT UL slot 
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 for serving cell 
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, power headroom is computed using 


[image: image4.wmf]{

}

cCMAX,O_NPUSCH,c

()()(1)(1)

ccc

PHiPiPPL

a

=-+×

 [dB]

where, 
[image: image5.wmf](

)

i

P

c

,

CMAX

, 
[image: image6.wmf]O_NPUSCH,c

(1)

P

, 
[image: image7.wmf](1)

c

a

, and
[image: image8.wmf]c

PL

, are defined in Subclause 16.2.1.1.1. 

The power headroom shall be rounded down to the closest value in the set [PH1, PH2, PH3, PH4] dB as defined in [10] and is delivered by the physical layer to higher layers.
-
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is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell 
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For j=1, for NPUSCH format 2, 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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NPRACH power control correction in REL-14
The NPRACH power control and interference during the NB-IoT RACH procedure was discussed during RAN1#91 and RAN2#100. In this discussion also the PHR reporting in NB-IoT was discussed in RAN1#91 [2]. No agreements were reached w.r.t. PHR reporting though [3]. But CRs in both RAN1 and RAN2 were agreed for the NPRACH power control in REL-14 [4-7]. 
3 Discussion
Problem description
As described in chapter 2 the PHR indicates the difference between the estimated required uplink power (NPUSCH uplink power with a single subcarrier) and the maximum UE output power in the cell (p-Max). When the UE reports a positive value the UE has power left, i.e. is not transmitting at its maximum power. When the UE reports a negative value the UE is transmitting at its maximum power. The eNB can use the PHR reports from the UE for scheduling resources and assigning subcarriers to the UE. 

For discussion sake the PHR can be expressed in terms of Path Loss (PL) with c(1) = 1 as:

PHR = PLx – PLc

Where:

PLx: Coupling Loss experienced by hypothetical UE when transmitting at maximum power to achieve a received power at eNB of PO_NPUSCH,c(1).
PLc: Coupling Loss experienced by the UE.
The PHR thus becomes the difference between the path loss of this hypothetical UE and the real UE. With the introduction of coverage enhancements, the UE ends-up “far away” from the power control threshold:

[image: image21.emf]CL [dB]

Power control threshold:

CL 

PL

X

 

dB

UE X experiences CL PL

X

 dB

UE A experiences CL PL

C

 

dB

PH<0 PH>0

 

One implication of this is that the UE ends up in a reporting region outside the existing PHR range, i.e. when the UE is in deep coverage the UE is likely to report POWER_HEADROOM_0 just indicating that it is below -10 dB, which is not useful for the eNB.
Proposed way forward
The DPR MAC control element includes two spare bits, which could be used to increase the PHR reporting range and granularity. It is noted that only 5 out of 32 LCID code points in UL-SCH are used in NB-IoT (see Table 6.2.1-2 in 36.321). The LCID can thus provide future extensions, if needed: 
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101-10011
	Reserved

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


The existing PHR reporting range is [5..11] dB (3 dB granularity) with CE level 0 and [-10..6] dB (8 dB granularity) with CE level other than 0. In our view 16 PHR reporting values would be required to provide sufficient range and granularity: 

Proposal 1: The two reserved bits in the DPR MAC control element are used to extend the range and increase the granularity of PHR reporting.

Based on the expected coupling loss experienced in deep coverage a PHR reporting range of -22 to 20 dB is proposed:
Proposal 2: The enhanced PHR reporting range is [-22..20] dB.
An example enhanced PHR mapping table is provided below:
	Reported value legacy bits
	Measured quantity value (dB)

	ENHANCED_POWER_HEADROOM_0
	-54  PH  -22

	ENHANCED_POWER_HEADROOM_1
	-22  PH  -19

	ENHANCED_POWER_HEADROOM_2
	-19  PH  -16

	ENHANCED_POWER_HEADROOM_3
	-16  PH  -13

	ENHANCED_POWER_HEADROOM_4
	-13  PH  -10

	ENHANCED_POWER_HEADROOM_5
	-10  PH  -7

	ENHANCED_POWER_HEADROOM_6
	-7  PH  -4

	ENHANCED_POWER_HEADROOM_7
	-4  PH  -1

	ENHANCED_POWER_HEADROOM_8
	-1  PH  2

	ENHANCED_POWER_HEADROOM_9
	2  PH  5

	ENHANCED_POWER_HEADROOM_10
	5  PH  8

	ENHANCED_POWER_HEADROOM_11
	8  PH  11

	ENHANCED_POWER_HEADROOM_12
	11  PH  14

	ENHANCED_POWER_HEADROOM_13
	14  PH  17

	ENHANCED_POWER_HEADROOM_14
	17  PH  20

	ENHANCED_POWER_HEADROOM_15
	PH ≥ 20


RAN4 discussed and agreed the power headroom levels for the PHR reporting in REL-13 [8-11]:
Proposal 3: Kindly ask RAN4 to introduce an enhanced PHR mapping table with 16 PHR reported values in 36.133.
The DPR is reported in MSG3, i.e. the eNB needs to know if the UE has send an enhanced PHR report or the legacy PHR report, i.e. whether the reserved bit should be used to interpret the report. A UE not supporting the enhanced PHR report sets the reserved bits to 0 (36.321): 

-
R: reserved bit, set to "0".
The eNB can fetch the UE capabilities after MSG3, i.e. can determine if the UE supports the enhanced PHR reporting or not. But the UE capabilities are not available upon reception of MSG3, and in case there is congestion in the MME, the MME may not reply. Therefore it is proposed to use an LCID code point to indicate if the UE has sent an enhanced PHR report: 
Proposal 4: Introduce a new LCID codepoint to indicate that enhanced PHR reporting on CCCH is used in MSG3.
The UE shall only send an enhanced PHR in MSG3 when the eNB has enabled enhanced PHR in system information: 

Proposal 5: Introduce enhancedPHR-indicator in SIB2-NB that is set when eNB supports enhanced PHR reporting.

PHR reporting is mandatory for NB-IoT UE from REL-13. As pointed out the REL-13 reporting range is insufficient. For the enhanced PHR reporting it is proposed to introduce an IOT capability bit. A REL-15 the NB-IoT UE shall set the bit to TRUE after the UE successfully has IOT tested the feature: 
Proposal 6: Introduce an IOT UE capability for enhanced PHR reporting in REL-15, which the UE shall set to TRUE after the UE has successfully IOT tested this feature.

A draft LS to RAN4  [12] and draft CRs to 36.306, 36.321 and 36.331 [13-15] are provided for information.
Enhanced PHR reporting after MSG3
PHR reporting in other messages than MSG3 has been discussed during REL-13 timeframe, i.e. RAN1 indicated in LS to RAN2 [16]:
· RAN1 thanks RAN2 for the LS in R1-163852, and for the question on whether there is any need to report PHR in other cases than in MSG3. RAN1 has concluded that:

· For the typical applications targeted by Rel-13 NB-IoT, there may not be much benefit. In the future, there may be some benefit for longer sessions. RAN1 sees no additional impact at the physical layer for additional PHR reporting.

There is a benefit for PHR reporting for longer sessions. In case of longer sessions, e.g. during firmware update, there is a risk that radio link conditions changes, and that link adaptation is needed (e.g. coding scheme, number of repetitions). And in such case PHR reporting might make a difference whether the firmware update is successful, or that firmware update has to be re-started from the beginning. But also for shorter sessions there is the possibility that due to mobility or change radio environment link adaptation is needed.
 In LTE the PHR reporting is configured with a periodicPHR-Timer, prohibitPHR-Timer and dl-PathlossChange parameter. Similar trigger conditions can be re-used in NB-IoT without too much impact on the UE complexity: 
Proposal 7: Introduce periodic PHR reporting in NB-IoT.
4 Summary

RAN2 is kindly asked to discuss enhanced PHR reporting: 

Proposal 1: The two reserved bits in the DPR MAC control element are used to extend the range and increase the granularity of PHR reporting.

Proposal 2: The enhanced PHR reporting range is [-22..20] dB.

Proposal 3: Kindly ask RAN4 to introduce an enhanced PHR mapping table with 16 PHR reported values in 36.133.

Proposal 4: Introduce a new LCID codepoint to indicate that enhanced PHR reporting on CCCH is used in MSG3.

Proposal 5: Introduce enhancedPHR-indicator in SIB2-NB that is set when eNB supports enhanced PHR reporting.

Proposal 6: Introduce an IOT UE capability for enhanced PHR reporting in REL-15, which the UE shall set to TRUE after the UE has successfully IOT tested this feature.

Proposal 7: Introduce periodic PHR reporting in NB-IoT.
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