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1. Introduction

In RAN Plenary #70 meeting, a new WI eLAA was approved with the following objective:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]

· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]
According to the Rel-14 eLAA WID, in this contribution, we would like to look at a few issues concerning the power headroom report procedure.

2. Discussion
In current LTE system, the power headroom report procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for PUSCH transmission per activated Serving Cell. One function of PHR procedure is to assist eNB to make the power management. A Power Headroom Report (PHR) can be triggered either periodically or event triggered and the PHR is delivered from PHY layer to higher layer via MAC Control Element [1] [2].
For example, if UE uses Type 1 report, Power Headroom is computed according to following formula if UE transmits PUSCH without PUCCH in subframe i for serving cell c [2]: 
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From the above formula, it can be clearly seen that some parameters, e.g. 
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, are needed to compute power headroom value but these parameters are only known by the UE from the UL grant(s).
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i and serving cell c. 
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 gives the current PUSCH power control adjustment state for serving cell c.

Furthermore, in the case of self-scheduled UL transmission, two successful LBT procedures must be satisfied in order to transmit PUSCH:
· eNB performing LBT successfully for the purpose of transmitting UL grant(s).
· UE performing LBT successfully for the purpose of transmitting the scheduled PUSCH(s).

Therefore, 3 cases might happen over LAA Scell(s) in the UL self-scheduling case:

· Case 1: eNB fails the LBT procedure and hence cannot occupy the channel to transmit UL grant(s), which resulting in the situation that UE cannot compute the Power Headroom timely because of lacking valid UL grant.

· Case 2: eNB succeeds the LBT procedure to transmit UL grant(s) but UE cannot decode it correctly, e.g. due to the hidden node problem, which resulting in ambiguity in power headroom computing between eNB and UE side. 
· Case 3: eNB succeeds the LBT procedure to transmit UL grant(s), UE succeeds to decode it correctly but UE fails the LBT procedure before the PUSCH transmission(s). In this case, it is almost impossible to modify the PHR information having encoded in a PUSCH reflecting the LBT results [3].
Based on the above analysis, we will give following observation:

Observation: Power headroom report should be enhanced under newly specified frame structure 3.
In this contribution, we will give analysis and solutions concerning the power headroom report case by case.
Case 1: eNB fails the LBT procedure in order to transmit UL grant(s)
eNB fails the LBT procedure and cannot transmit the UL grant(s). So UE cannot compute the Power Headroom perhaps in a long period and report the power headroom timely as when computing Power Headroom, some basic parameters are only known by the UE from the UL grant(s). Therefore, it is beneficial to report Power Headroom immediately when UE receiving new UL grant(s), which contributes to assist eNB to do UL scheduling in the coming multiple PUSCH transmission(s).
It is noted that eNB can configure whether this new trigger condition is valid or not. It is also noted that eNB may choose cross-carrier scheduling under this circumstance, i.e. UL grant(s) can be transmitted via Pcell. However, this alternative is not a wise solution to handle only the PHR issue as it will increase the PHY layer control signalling overhead on the Pcell.
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Fig 1 Case-1

In order to solve the problem indicated in Case 1, we give two schemes:
Scheme-1: Shifting the Periodic-PHR to the time when UE receiving UL grant(s) on the activated LAA Scell(s). See the below fig 1(a) for example.
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Fig 1(a) Scheme-1 for case-1

Scheme-2: Defining a new aperiodic triggering event, i.e., aperiodic PHR is triggered immediately when UE receiving new UL grant(s) on LAA Scell(s). See the below fig 1(b) for example.
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Fig 1(b) Scheme-2 for case-1

Proposal 1: Shifting the Periodic-PHR to the time when UE receiving UL grant(s) on the activated LAA Scell(s).
Proposal 2: Defining a new aperiodic triggering event, i.e., aperiodic PHR is triggered immediately when UE receiving new UL grant(s) on LAA Scell(s).
Case 2: eNB succeeds the LBT procedure in order to transmit UL grant(s) but UE fails to decode it.
eNB performs the LBT procedure successfully in order to transmit UL grant(s), however, if another node (Node A) using the same unlicensed carrier this node A is not in the sensing coverage of eNB, it is of great probability that UE cannot decode the UL grant correctly because of the interference from A(hidden node problem). In this case, eNB cannot distinguish which UL grant the followed PHR is based on, the old one or the new transmitted one(s)? As at eNB side, it might assume that the reported power headroom is based on the latest transmitted UL grant(s). So ambiguity between eNB and UE exists in this case. 
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Fig 2 Case-2
In order to solve the ambiguity problem between eNB and UE a, we give following proposal:
Proposal 3: eNB is explicitly informed about which UL grant the reported power headroom is based on.
Case 3: eNB succeeds the LBT procedure to transmit UL grant(s), UE succeeds to decode it correctly but UE fails the LBT procedure before the PUSCH transmission(s).
eNB succeeds the LBT procedure to transmit UL grant(s), UE succeeds to decode it correctly but UE fails the LBT procedure before the PUSCH transmission(s because of the latency between subframe carrying the UL grant(s) and subframs(s) of the PUSCH transmission(s). In this case, it is almost impossible to modify the PHR information having encoded in a PUSCH reflecting the LBT results.
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Fig 3 Case-3

In order to solve the problem indicated in Case 3, UE energy detection report contributes to eNB to deduce whether the reported Power Headroom capturing the actual PUSCH transmission(s) or not. This information can help eNB to do smart UL scheduling in the coming multiple SFs. For example, eNB can allocate more UL resources/power on the carrier which having positive energy detection results meanwhile ensuring that the allocated UL resources do not exceed the maximum allowed power om that specific carrier.
Proposal 4: UE(s) report the energy detection results to assist eNB to deduce whether the reported power headroom capturing actual PUSCH transmission(s).
3. Conclusion 
In this contribution we have looked at several issues related to the power headroom report and consequently giving following observation and suggesting following proposals which would need to be considered in the Rel-14 eLAA WI phase:
Observations and proposals:
Observation: 
Observation: Power headroom report should be enhanced under the newly specified frame structure 3.

Proposals:

Proposal 1: Shifting the Periodic-PHR to the time when UE receiving UL grant(s) on the activated LAA Scell(s).
Proposal 2: Defining a new aperiodic triggering event, i.e., aperiodic PHR is triggered immediately when UE receiving new UL grant(s) on LAA Scell(s).
Proposal 3: eNB is explicitly informed about which UL grant the reported power headroom is based on.
Proposal 4: UE(s) report the energy detection results to assist eNB to deduce whether the reported power headroom capturing actual PUSCH transmission(s).
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