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1 Introduction
The contributions on PHR enhancements were not treated online during RAN2#101 [1-7], but it was agreed to have an email discussion until next meeting to progress the work: 

[101#56][LTE/MTC R15] PHR enhancements (Ericsson)

· Email discussion, next meeting (NB-IoT R15): PHR enhancements, arrive at agreeable proposals from Meeting Input (Ericsson)

· Intended outcome: Report of email discussion

· Deadline:  Thursday 2018-03-29

This report provides a summary of this email discussion and a proposed way forward.
2 Background information
WID objective
The work item objective is RAN2 driven, but also involves RAN4 and RAN1 [8]: 
UE Feedback

Support of extended NB-IoT power headroom report range and finer granularity [RAN2, RAN4, RAN1]

RAN1, RAN2 and RAN4 contributions
The contributions to RAN1#92 can be found here [9,10], but they were not discussed in the meeting and no agreements were reached. The contribution to RAN4#86 was discussed, but no agreements were reached [11]. RAN4 is waiting for input from RAN2. The enhanced PHR contributions in RAN2#101 can be found here [1-7].
Data volume and Power headroom Reporting (DPR) in MSG3
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 using 4 bits) and Power Headroom (difference between required and maximum transmit power using 2 bits) in MSG3, as specified in 36.321.
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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 four power headroom levels for NB-IoT, i.e. mapping tables, for 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). 
It is possible 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 [3].
3 Discussion
The following topics will be discussed w.r.t. enhanced PHR reporting:

1. The number of bits for enhanced PHR (ePHR) reporting in MSG3
2. The ePHR reporting range and granularity

3. UE signalling to indicate the ePHR report in MSG3

4. eNB signalling to indicate when ePHR reporting is enabled

5. UE capability

6. Need for ePHR reporting after MSG3

7. Solution for ePHR reporting after MSG3
For each topic some background information is provided if needed.
The number of bits for enhanced PHR (ePHR) reporting in MSG3
As can be observed from the existing mapping tables in 36.133, 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. 
Topic 1: How many bits are used for enhanced PHR reporting?
	Company
	Comments

	Ericsson
	In our view 16 PHR reporting values would be required to provide sufficient range and granularity, i.e. we propose to use the two reserved bits in the DPR MAC control element to extend both the range and increase the granularity of the PHR reporting in MSG3.

	Huawei, HiSilicon
	The 2 reserved bits in DPR can be used to extend the PH field to 4 bits, which can report 16 different PH values.

	LG
	We think that 4bits are sufficient. For this, two reserved bits in the current DPR MAC CE can be used to extend PHR reporting range and granularity.

	Sharp
	We also agree to use the 2 reserved bits in DPR for PH extension.

	ZTE
	There are at most 2 reserved bits in DPR MAC CE which can be used for enhanced PHR reporting. How many new PH levels are required will be determined by RAN4, but RAN2 can give suggestions based on the impacts on RAN2 specifications. 

Different specification changes could provide different granularity for enhanced PHR reporting, such as:

· Option1: If the number of required new PH levels is more than 4 and less than or equal to 12, the PH levels can be reported by extending the DPR MAC CE. For example, 2 reserved bits can be used as differentiation for PH level segmentations (e.g legacy PH level segmentation or extended PH level segmentation). As shown in Figure 1, if the “PH Seg” bits are set to ‘00’, the legacy DPR MAC CE is used, otherwise, the extended DPR MAC CE with four bits for PH levels reporting is used:
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Figure 1.

The total PH levels which can be reported by such extension for DPR MAC CE are shown in the Table 1, including 4 legacy PH levels and 12 new PH levels:
Table 1 PH levels with extension for DPR MAC CE
PH Seg

PH

Power Headroom Level

Legacy 

PH Levels
0
0
POWER_HEADROOM_0

1

POWER_HEADROOM_1

2

POWER_HEADROOM_2

3

POWER_HEADROOM_3

New Added PH Levels
1

0
POWER_HEADROOM_4

1
POWER_HEADROOM_5

2
POWER_HEADROOM_6

3
POWER_HEADROOM_7

2

0
POWER_HEADROOM_8

1
POWER_HEADROOM_9

2
POWER_HEADROOM_10

3
POWER_HEADROOM_11

3

0
POWER_HEADROOM_12
1
POWER_HEADROOM_13
2
POWER_HEADROOM_14
3
POWER_HEADROOM_15
· Option2: If the number of required new PH levels is more than 12 and less than or equal to 16, not only 2 reserved bits of the DPR MAC CE need to be used, but also a new LCID for CCCH (to replace the legacy LCID "00000") should be defined to indicate whether the legacy DPR MAC CE or the extended DPR MAC CE is used. 
· Option3: If the number of required new PH levels is larger than 16, A new PHR MAC CE will be needed. This PHR MAC CE would be an additional MAC CE in MAC PDU. As legacy DPR MAC CE is always send, it needs to consider how to deal with PH levels in the DPR MAC CE. One option is to consider the legacy PH levels invalid by default. The other option may be left to eNB implementation. Furthermore, with new PHR MAC CE and the related LCID in this option, the total Msg3 would be larger than 88bits which will cause large impact on the specification.
We think Option1 is a good trade-off between more new PH levels and less impacts on specification. So we prefer Option1.  

We suggest to send LS to RAN4 about the RAN2 specification impacts for different PH granularity (e.g. new added PH level number) and ask RAN4 to check whether 12 new PH levels are enough.

	Nokia
	We share the same view of using the 2 reserved bits in DPR.


The ePHR reporting range and granularity
In the past RAN4 has discussed and agreed on the PHR reporting range and granularity. RAN2 could indicate in an LS to RAN4 the number of bits that are available for the enhanced PHR reporting in MSG3 and ask for RAN4 to define the range and granularity, i.e. define the ePHR mapping table(s).  

Topic 2: Indicate in an LS to RAN4 the number of bits available for enhanced PHR reporting, with both increased range and granularity, in MSG3, i.e. ask RAN4 to introduce mapping tables for enhanced PHR reporting in REL-15?
	Company
	Comments

	Ericsson
	We agree that RAN4 should discuss and agree on the mapping tables, but we would like to have a reporting range of [-22..20] dB, which we think is required in NB-IoT. We would be happy if RAN2 could suggest this range in the LS, but leave final agreement to RAN4.  

	Huawei, HiSilicon
	We agree to inform RAN4 about the number of bits available for PHR enhancement.

In Rel-13/14, since only 2 bits PH is supported, there are 2 different PHR mapping tables for CEL 0 and CEL 1/2. If the 2 reserved bits in DPR are used for PHR enhancement, we think 16 different PH levels can cover all CELs. Thus, we propose to inform RAN4 that one mapping table for all CELs is preferred. 

In our understanding, the value range of PHR should be discussed in RAN4. From RAN2 perspective, we do not see any need to extend the reporting range.

	LG
	We think that the increased range and granularity for enhanced PHR reporting should be discussed in RAN4. RAN2 can inform RAN4 of the extended values for PH.

	Sharp
	We think it is up to RAN4 to discuss the PH range and granularity. 

	ZTE
	We agree that the range and granularity should be decided by RAN4. RAN2 can indicate in LS to RAN4 the number of bits available for enhanced PHR reporting, with suggested PH range (e.g  [-22..20] dB) and preferred granularity(e.g., 12 new added PH levels).

	Nokia
	We agree to indicate to RAN4 and let RAN4 decide the mapping tables.


UE signalling to indicate the ePHR report in MSG3
The DPR MAC control element is included 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 reported PH value. 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. Furthermore ePHR reporting would not be supported in the initial ATTACH.
Topic 3: How does the UE indicate that it has send an enhanced PHR report?
	Company
	Comments

	Ericsson
	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). We think that one LCID code point can be used to indicate “CCCH and Enhanced Power Headroom Report”.

	Huawei, HiSilicon
	We support using a new LCID for CCCH to indicate the PHR enhancement in Msg3.

	LG
	New LCID value for enhanced DPR MAC CE is simple and clear. 

	Sharp
	One new LCID can be used for CCCH and PHR enhancement

	ZTE
	With our analysis for Topic1, if the number of required new PH levels is less than or equal to 12, using 2 reserved bits in DPR MAC CE would be enough to provide extended PHR reporting. The indication for extended PHR reporting (“PH seg”) can be self-contained in the extension of DPR MAC CE.

Otherwise, if the number of required new PH levels is more than 12 and less than or equal to 16, we agree a new LCID for CCCH would be needed.

	Nokia
	For Msg3 to include the enhanced PHR, one new LCID can be used to differentiate from legacy CCCH+DPI.


eNB signalling to indicate when ePHR reporting is enabled
The UE should of course only send an ePHR report when the eNB supports ePHR, otherwise the eNB could interpret the PHR reporting incorrectly and subsequent signaling may fail due incorrect power calculations in the eNB. 
Topic 4: How does the eNB indicate that ePHR reporting in MSG3 is supported?

	Company
	Comments

	Ericsson
	We think this should be indicated in system information, i.e. the UE shall only send enhanced PHR reported when the eNB has explicitly enabled ePHR reporting. We think that an enhancedPHR-Indicator should be introduced in SIB2-NB.

	Huawei, HiSilicon
	The eNB enables the enhanced PHR in Msg3 in system information (SIB2-NB).

	LG
	New indication in the system information, e.g., SIB2-NB, can be used to indicate whether the eNB supports enhanced PHR reporting or not. 

	Sharp
	The eNB can indicate its support of PHR enhancement in system information

	ZTE
	We agree with above comments.

	Nokia
	By eNB broadcasting the support for enhanced PHR.


UE capability
PHR reporting in MSG3 is mandatory for NB-IoT UE from REL-13, and there is no explicit capability signalling for the legacy PHR reporting.

Topic 5: Is ePHR reporting in MSG3 optional or mandatory? Is any explicit capability signalling needed?
	Company
	Comments

	Ericsson
	In our view the REL-13 reporting range is insufficient, i.e. we consider this an essential enhancement, and in our view a REL-15 NB-IoT shall support this enhancement. In case a new LCID codepoint is used to indicate the ePHR report, then there is no need for explicit (IOT) capability signalling, i.e. the UE should only send the ePHR report after the enhancement has been successfully IOT tested.

	Huawei, HiSilicon
	In general, new feature should be introduced as optional. We can discuss this particular one further in RAN2. In any case, a IoT bit is needed even if not signalled. We would also prefer to have the capability discussed for the whole feature, i.e. not individually for Msg3 and for connected mode.

	LG
	We think that PHR reporting in Msg3 is mandatory, but PHR reporting format in Msg3 can be optional, i.e., legacy DPR MAC CE or enhanced DPR MAC CE can be used to report PHR. No explicit capability signalling is needed.

	Sharp
	From our view, enhanced PHR is mandatory for R15, we can further discuss in RAN2 whether an IoT bit is needed.

	ZTE
	Based on our comments for Topic 1 and Topic 3, if option1 mentioned in Topic 1 is selected, the most 2 bits in extended MAC CE can be used to differentiate legacy PH levels and extended PH levels, which can be used by eNB to acquire the PH levels correctly. Then we don’t see the need for UE capability.
If option2 is selected, we agree the understanding from Ericsson.

	Nokia
	We don’t have strong view on optional or mandatory, but even if it is optional, we don’t think explicit capability signalling is needed.


Need for ePHR reporting after MSG3
PHR reporting after MSG3, i.e. in connected mode PHR reporting, was discussed during REL-13 time frame, but no agreements were reached. It was noted then that PHR reporting after MSG3 could be useful in case of long transmissions (e.g. firmware update). 
Topic 6: Is there a need for ePHR reporting after MSG3, i.e. connected mode PHR reporting?
	Company
	Comments

	Ericsson
	Yes, i.e. in our view this should already have been introduced from REL-13. In case of long transmissions it could make the difference whether the transmission is successful or not. Link adaptation can be more effective when there is reporting from the UE e.g. when the radio conditions change (e.g. dl-PathlossChange). 

	Huawei, HiSilicon
	Yes. For some mobile NB-IoT UEs (e.g., shared bicycles), the Power Headroom may be different in different locations. Thus, we think it will benefit the uplink power control if PHR in connected mode is supported in NB-IoT.

	LG
	No, additional triggering condition for enhance PHR reporting after Msg3 would be beneficial only in case of long transmission, e.g. firmware update, and radio condition changed dynamically. However, we think that long transmission would be rare and radio conditions may not be changed a lot because it is assumed that NB-IoT UE has very low mobility. 

	Sharp
	Yes, there are NB-IoT scenario for long transmission, we should provide such scheme for these scenario.

	ZTE
	Yes. PH level update is needed if the connected mode is kept for a long time.

	Nokia
	We share LG’s comments. Long transmission is rare for NB-IoT and PHR reporting after Msg3 is not needed.


Solution for ePHR reporting after MSG3
It is noted that currently NB-IoT supports DV (4 bits) + PH (2 bits) reporting in MSG3 and BSR (6 bits) reporting after MSG3. 

Different solutions have been proposed [1, 3]:
· Introduce a new MAC control element (2 bytes) that includes both ePHR and BSR report [1].
· Re-use eDPR MAC control element used in MSG3 to be send also after MSG3 using the existing PHR triggers (periodicPHR-Timer and dl-PathlossChange) [3].
Topic 7: What solution is used for ePHR reporting after MSG3?
	Company
	Comments

	Ericsson
	We have the following considerations:
· Keep it as simple as possible and re-use what is already there.
· Avoid overhead, i.e. we assume that the existing BSR reporting (6 bits) is kept and is sufficient as is.
· We do not see a strong need for periodic ePHR reporting, i.e. to keep it simple the ePHR reporting after MSG3 could be based on dl-PathlossChange only.

With these considerations in mind we propose to re-use the eDPR MAC control element after MSG3, and trigger the PHR reporting when there is dl-PathlossChange. This implies that a PHR report is send when the PHR value has changed more than dl-PathlossChange dB since the last transmission of a PHR report. PHR reports are piggybacked in UL transmissions. To avoid excessive reporting we think there should be a prohibitPHR-Timer.

	Huawei, HiSilicon
	Generally similar view as Ericsson. Considering that PHR is used for power control of uplink transmission and buffer size information (BSR or DV in DPR) is used to apply UL grant for uplink transmission, reporting them together seems reasonable. From this point of view, we think PHR should be triggered together with BSR, i.e., PHR report in connected mode is triggered when:

· The BSR has been triggered.

· The path loss has changed more than this threshold since the last transmission of a PHR (including the PHR in Msg3).

For PHR enhancement after Msg3, we also think:

· If PHR enhancement after Msg3 is agreed, the capability issue can be discussed together with PHR enhancement in Msg3.
· The mapping table for PHR after Msg3 is the same as for enhanced PHR in Msg3.
We don’t have strong opinion about the format of the MAC CE for the reporting and would be fine with any of them. For both options, a new LCID value is needed so that the UE can indicate the eNB in the MAC subheader that the eDPR/new MAC CE is included.

	LG
	Basically we don’t think that new triggering condition for enhanced PHR reporting after Msg3 is needed. However, if it is introduced, we prefer to reuse DPR MAC CE used in Msg3. 

	Sharp
	We prefer to re-use eDPR MAC control element used in MSG3 to be send also after MSG3

	ZTE
	We think there have two related issues:

Issue#1: PH reporting methods after Msg3
Issue#2: Trigger for PH reporting after Msg3
For the issue#1, there have three possible alternatives:

Alt1: Reusing the extended DPR MAC CE and introducing a new LCID for UL-SCH(different from the new LCID for CCCH mentioned in Topic 3) for it (Note: here extended DPR MAC CE would be either option1 or option2 mentioned in Topic 1)
Alt2: Introducing a new PHR MAC CE(as legacy LTE) and related new LCID 
Alt3: Introducing a new BPR MAC CE as followings and related new LCID: 
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The comparison is given in the following table:

Advantage

Disadvantage
Alt1

Less impacts on specs: only new LCID for the extended DPR MAC CE

Less UL overhead: 1 BYTE MAC CE + 1 BYTE MAC subheader
The DV value range and granularity may be not so enough in some cases
Alt2
Enough BS value range and granularity. BS value and PH value can be reported flexibly(e.g report either one or both)
More impacts on specs: new MAC CE and related new LCID
High UL overhead: 2 BYTE MAC CE + 2 BYTE MAC subheader
Alt3
Enough BS value range and finer BS value granularity
More impacts on specs: new MAC CE and related new LCID
Middle UL overhead: 2 BYTE MAC CE + 1 BYTE MAC subheader
Taken into account that NB-IoT is mainly used to transfer small burst data (even the UE is in connected mode for a long time), large BS value case is rare, we prefer the Alt1, e.g., reusing the extended DPR MAC CE in Msg3 and introducing a new LCID for UL-SCH for it.
For the issue#2, we think one shot Power Headroom level report after SR is enough for the PH level update purpose after Msg3.

In legacy LTE, there have periodical Power Headroom Reporting and Power Headroom update based on dl-PathlossChange, which can ensure that the Power Headroom level is always valid. However, as NB-IoT is mainly used to transfer small burst data and sensitive to power consumption, the periodical Power Headroom reporting is not suitable for NB-IoT since extra PHR transmission would consume more UE power and radio resource. On the other hand, as measurement in RRC_CONNECTED is not required for NB-IoT and then whether the dl-Pathloss is changed cannot be known by UE, Power Headroom update based dl-PathlossChange is also not suitable for NB-IOT. So these two triggers should not be considered for NB-IoT.

	Nokia
	We also prefer to re-use the eDPR MAC CE.


4 Summary of email discussion
Six companies replied to the email discussion:
Topic 1: How many bits are used for enhanced PHR reporting?

Five companies think that the two reserved bits can be used. One company identifies to additional options. 
Topic 2: Indicate in an LS to RAN4 the number of bits available for enhanced PHR reporting, with both increased range and granularity, in MSG3, i.e. ask RAN4 to introduce mapping tables for enhanced PHR reporting in REL-15?

Most companies propose to only indicate the number of bits available to increase the range and granularity of the enhanced PHR reporting to RAN4. One company proposes to suggest a range to RAN4, but leave the decision to RAN4. One company proposes to suggest to indicate to RAN4 that a single mapping table is preferred

Topic 3: How does the UE indicate that it has send an enhanced PHR report?

Most companies think that a new LCID code point can be used. One company thinks that LCID might not be needed, see also topic 1.
Topic 4: How does the eNB indicate that ePHR reporting in MSG3 is supported?

All companies think that this should be indicated in system information (e.g. SIB2-NB).
Topic 5: Is ePHR reporting in MSG3 optional or mandatory? Is any explicit capability signalling needed?

Four companies think it should be mandatory. One company thinks it should be optional. One company does not have strong opinion. Three are different views on the need for (IOT) UE capability signalling. 
Topic 6: Is there a need for ePHR reporting after MSG3, i.e. connected mode PHR reporting?

Four companies that there is a needed, and two companies think there is no such need (i.e. long transmissions are rare).
Topic 7: What solution is used for ePHR reporting after MSG3?

Four companies prefer to re-use the eDPR MAC CE after MSG3. Most companies see the need for the dl-PathlossChange event to trigger ePHR. 
5 Proposed way forward

Based on the email response the following proposals are made:
Proposal 1: The two reserved bits in the DPR MAC control element are used for enhanced PHR reporting, i.e. 4 bits in total for the PH value.

Proposal 2: Ask RAN4 to introduce 16 power headroom levels in TS 36.133 for extended NB-IoT power headroom report range and finer granularity.
Proposal 3: Introduce new LCID code point for UL-SCH in NB-IoT in Table 6.2.1-2 to indicate CCCH and Enhanced Power Headroom Report.

Proposal 4: Introduce enhancedPHR-Indicator in SIB2-NB that indicates when enhanced PHR reporting is enabled in the cell.

Proposal 5: RAN2 to discuss if enhanced PHR reporting in MSG3 is an optional or mandatory feature.

Proposal 6: Introduce ePHR reporting after MSG3.

Proposal 7: Re-use eDRP MAC control element for ePHR reporting after MSG3.

Proposal 8: eDRP MAC control element after MSG3 is triggered when the path loss has changed more than dl-PathlossChange dB since the last ePHR report and prohibitPHR-Timer expires or has expired when the MAC entity has UL resources for new transmission.
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