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1 PHR for two subframe sets with the current PHR mechanism
Companies are invited to provide input on the following points:
· Q1: Can the current PHR mechanism allow PHR for two subframe sets?

· Q2: Are there any restrictions or drawbacks of utilizing the current PHR mechanism to obtain PHR for two subframe sets?

	Company name
	Views

	CATT
	Q1: Yes, PHR for the two subframe sets are possible by current mechanisms. With the current specification, when triggered by the higher layers, the UE will report PHR for the subframe where PUSCH is transmitted. In other words, the current PHR mechanism is that PHR is reported on a per subframe basis. In TDD eIMTA with dual uplink power control subframe sets configured, the uplink transmission power for the flexible subframes can be much higher than the fixed subframes. Therefore power headroom can also be significantly different between the two subframe sets, then it would be beneficial for the eNB to know the individual PHR for each set. With the current PHR mechanism, when PHR is triggered by the UE higher layers, eNB can schedule PUSCH in a subframe set in order to obtain the PHR for the corresponding subframe set. The PHR for the other subframe set can be obtained by scheduling another PUSCH in the corresponding subframe set after the next PHR triggering event occurs. This implementation method requires eNB to know the time when PHR is triggered by the UE higher layers. It is noted that the current PHR trigger event includes pathloss change higher than a threshold, periodicity timer, Scell activation, etc.  Except the case of the pathloss change event, the eNB should be able to know when PHR is triggered at UE side. Therefore, as one option, eNB can configure periodic PHR and disable pathloss change triggering for UEs in order to use the implementation based method to get PHR as above. Finally, as evaluated in R1-135816 (see the figures attached in the answer to Q3), very few UEs (less than 5%) in eIMTA scenarios will transmit with higher than 10dBm Tx power, even when the open loop parameter for the flexible subframe set is set as 20dB higher than the fixed uplink subframes. This means that PHR may in general be required only for few UEs in TDD eIMTA scenario, and any benefits of enhanced PHR for eIMTA may only exist for the small percentage of UEs.
Q2: Yes, there are some restrictions with the current mechanism as mentioned above.  First, pathloss change triggering for PHR may not be used in TDD eIMTA when dual uplink power control subframe sets are configured. However, as the typical scenarios for TDD eIMTA are small cells where UE speed is low, it is not a problem if pathloss change triggering for PHR is not used for less than 5% UEs. Second, there is some eNB scheduling restriction if PHR for two subframe sets are desired. In other words, once PHR is triggered by UE higher layers, eNB shall first schedule PUSCH in an uplink subframe corresponding to the subframe set for which PHR is desired. Again since only less than 5% UEs may require two PHRs, the impact of such scheduling restriction is expected to be minimal.

	Panasonic
	We don't think current PHR mechanism is sufficient. We interpreted the method to use current PHR mechanism (from RAN1/2 specification) for eIMTA would be only to report 1 PHR (for one subframe set) and eNB estimates 
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for other subframe set by power measurements of the difference from the first set. We are not sure the estimation accuracy of 
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	ZTE
	Q1: Current PHR mechanism includes RAN1-defined PHR calculation and RAN2-defined PHR reporting. The PHR calculation, which is per subframe basis, can naturally support two subframe sets. On the other hands, the existing PHR reporting that is triggered by timers and/or events has no native support of PHR from both subframe sets. For example, the candidate settings of two timers triggering PHR reporting are all integer multiple of 10ms, which means the timer may run over the same subframe set. With no specification change, PHR reporting from both subframe sets, if done per implementation, may require complicated eNB implementation tricks on both scheduling of PUSCH and setting of PHR triggering condition.  
Q2: current PHR mechanism has some drawbacks in supporting two subframe sets. Firstly, overhead is increased since two UL GRANTs are needed to schedule two PUSCHs for eNB to get PHRs of two subframe sets. Secondly eNB may not get PHR of both subframe sets in time. For example, after PHR is triggered when a triggering event occurs, e.g. pathloss changes beyond a threshold, eNB can only get PHR of one subframe set and has to wait until another triggering event occurs to get PHR of another subframe set. Finally, depending on the configuration in real network, PUCCH may not appear in one subframe set, e.g. flexible subframe set, therefore type 2 PHR of this subframe set is useless and only wastes uplink resource.

	Huawei, HiSilicon
	Q1: Yes, but it is very difficult for eNB to control PHR reporting as what eNB wants, if there is no enhancement for current PHR mechanism.
Q2: 

Current PHR triggering mechanism is not sufficient to for eIMTA due to following reasons,

1. Missing UL_grant will cause the misalignment of accumulation between eNB and UE. If any UL grant is missed, the missed TPC command will not be counted at UE side, but it will be counted at eNB side. And, the follow up accumulation will be different between eNB and UE. 

2. If the parameter fc(i) is maintained at eNB side,  eNB can calculate the PHR of one subframe set based on the PHR of the other subframe set. But, the maintenance of fc(i) is an eNB implementation behavior, if eNB does not do so, the other subframe set’s PHR cannot be derived.
3. Regarding the eNB implementation scheme,  prohibitPHR-Timer and periodicPHR-Timer are maintained at UE side, and the counting/resetting of timer depends on the information of PL change, and the exactly timing of SCell activation (the activation timing is differently understood between eNB and UE since SCell activation is delivered by MAC signaling). However, it is difficult for eNB to align the same timer with UE, unless eNB disables some functionality in RNA2. Anyway, extra scheduling restriction will be introduced in eNB side.
No matter eNB implementation scheme or any enhancement for PHR triggering scheme, the purpose is to report subframe sets dependent PHRs. We think whether to use eNB implementation scheme or not can be up to on RAN2’s discussion.

	Ericsson
	Q1: Yes. PHRs for the two subframe sets can be supported by current PHR mechanism since PHR is sent in subframes in which a UE has PUSCH transmission and PHR calculation is based on subframe in which it is sent. Therefore, the PHRs for the two subframe sets can be obtained by scheduling PUSCH transmissions in corresponding subframe sets.  

Q2: The eNB can estimate the power headroom corresponding to one parameter set based on the reported value corresponding to the other set. As mentioned in [R1-135638], there are two unknown variables, i.e. pathloss and the closed loop part. The path loss can be estimated from the RSRP report, and if PL is known, the closed loop component can be estimated from difference in received power. Therefore, it is possible to derive the PHR of one subframe set based on the reported value for the other. We have not seen evaluations showing clear drawback and restrictions of the current mechanism.

	ALU/ASB
	Q1: Yes. PHR measurement is based on the subframe in which PHR is sent. So depending on which subframe set it belongs to, the UE could report PHR corresponding to one of the two subframe set. But it is very difficult for eNB to control the UE to send PHR for a particular subframe set, so in reality the eNB may not be able to obtain power headroom information for the two sets.
Q2: There are two possible ways to use the existing mechanism to report PHR for the two subframe sets for eIMTA. However, both of them have some drawback/difficulty.
Approach 1: Use eNB implementation (more specifically, scheduling) dependent approach to trigger the UE to report PHR in different subframe sets.

· One of the difficulties lies in the fact that there is no explicit trigger that the eNB can send to UE to trigger PHR. PHR is triggered at the UE autonomously based on timer or path loss change, and it is sent together with the next PUSCH transmission. The eNB would not know when the path loss change occurs, and may not necessarily have perfect information of the timer, or may not want to track the timer at the UE due to additional complexity. So it can be random (depending on the scheduled subframe) which subframe set the PHR is reported for, thus the eNB may not be able to get the PHR for the desired subframe set when needed.
· Only PHR for one subframe set can be obtained at a time (unless approach 2 is used as described below), which limits the scheduling capability. The PHR could be outdated for one of the subframes sets.
Approach 2: Derive PH for one subframe set from the PHR for another subframe set so that PHR for one set is sufficient. As proposed by Ericsson, in order to do this, the eNB needs to have the path loss information and the CLPC accumulation.

· Path loss can be estimated based on RSRP report. However, this would require the UE to send RSRP report quite frequently, which consumes resources.

· The eNB could accumulate TPC command for each UE. Other than the additional complexity, it is not accurate due to the following reasons:

· There is certain range of power level tolerance at the UE implementation when adjusting power based on TPC command. This is on the order of dB and is not negligible. After accumulating TPC command for some duration, the accumulated TPC at the eNB can be very different from what has actually been adjusted by the UE.

· There could be missed detection of TPC command.

· TPC is not accumulated at the UE when UE reaches the maximum or minimum power.

Neither of these two approaches provides a good solution. Therefore further enhancement is necessary.

	Qualcomm
	Q1: Yes. The existing PHR mechanism has some drawback but is sufficient. The UE would always report PHR for the current subframe, which can be fixed or flexible. The eNB can measure received power difference between different subframes to estimate the headroom difference of the two sets (rather than separate estimate of pathloss and f(i)). In other words, the PHR of one subframe set can be derived from that of another subframe set. It is possible that the measurement is not very accurate, but the impact on UL throughput performance will be limited. Note also that since eIMTA is associated with small cells, power limitation at UE is less likely to happen.

Q2: Yes, there are some restrictions with the current mechanism.  For example, shall we support Type 2 PHR report in flexible subframes? For DL reference configuration 2 and 4, PUCCH can be transmitted in a flexible uplink subframe with possible eNB-to-eNB interference. In such case, do we need to enable PUCCH PHR reporting? For other cases that PHR is due in a UL subframe not part of DL reference configuration, we think only Type 1 PHR needs to be included in flexible subframes on PCell.

	NSN, Nokia
	Q1: current PHR mechanism could not be simply reused by eIMTA. In previous release, only one set of power control parameters are applied for power headroom calculation.  With eIMTA, two sets of power control parameters are defined for two subframe sets, and in the PH calculation there are parameter values like 
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 that are unknown to the eNB. So it’s hardly possible to derive the power headroom of one subframe set from PHR reported from another subframe set. 

Q2: As pointed out by ZTE above relying on eNB scheduler to get PH for both subframe sets is difficult with existing PHR trigger and reporting mechanism.  Also as agreed in the previous meeting, the eIMTA feature should be supported together with CA.  If multiple carriers are configured to the UE, i.e., CA case, eNB need to allocate uplink resources among carriers in each subframe, If only one PHR for eIMTA carrier is reported, eNB scheduler could not correctly estimate the available transmission power for each carriers in each subframe, because the UE transmission power difference between two subframe sets is larger and the eNB could not get the power headroom of another subframe set promptly. Without enough power headroom information of both suframe sets for eNB scheduler, the performance of CA will be degraded.

	Intel
	Q1: Yes. The PHR report is generated for UL subframe where PUSCH transmission is scheduled. Therefore, UL subframe carrying PHR report can implicitly indicate the ULPC subframe set for which PHR is reported. This does not require physical layer changes. So it is possible to have different PHRs for different ULPC subframe sets. It may be difficult to control it due to higher layer triggering nature of PHR report but the need for such control is not clear, especially assuming that eNB can derive one PHR from the another PHR and existing measurements (e.g. received power).

Q2: It should be further discussed, whether there is a need for UE to report two PHRs for different ULPC subframe sets and what are the benefits. In our view, benefits relative to the approach when eNB derives PHR for the 2nd subframe set based on UE PHR report for the 1st set and received power measurements are limited, especially considering small cell deployment scenario. 

	Sharp
	Definition of “current PHR mechanism” is unclear so it should be clarified first, 

From the discussions in last meeting, we assume current PHR mechanism means :

· The PHR for one subframe set is calculated by using the TPC parameter configured for that subframe set, and the PHR for the other subframe set is calculated by using the TPC parameter configured for the other subframe set.

· The TPC parameter configured for PHR calculation is selected based on the reporting subframe index.

Under the above understanding, our responses are shown below.

Q1: Yes, current PHR mechanism allows PHR for two subframe sets. The PHR of a subframe set is transmitted in a PUSCH on a subframe of the given subframe set. Thus, two separate PUSCH transmissions from two subframe sets are needed to report the PHR of two subframes sets. 

(The PHR of each subframe set is transmitted in different subframes, always in accordance with the subframe to which PUSCH is allocated by the eNB. )

Q2:  However, it is challenging that the network controls subframes set where PHR is transmitted. The current mechanism cannot report the PHRs of two subframe sets at the same time. Thus, even though periodic PHR-timer can be used to trigger PHR, to obtain PHR of a desired subframe set, the eNB has to allocate PUSCH to an appropriate subframe in the given subframe set. This may reduce the flexibility of PUSCH scheduling at the eNB.

(Even though periodic PHR-timer can be used to trigger PHR, the network has to allocate PUSCH to an appropriate subframe to obtain the value of PH which corresponds to a desired subframe set.)

	MediaTek
	Q1: Yes. Although the current PHR mechanism allows separate PHR for two subframe sets, there are restrictions of utilizing the current PHR mechanism to obtain PHR for two subframe sets. The restrictions are stated in the answer to Q2.

Q2: With the current PH triggering and reporting mechanism, it is difficult to rely on the eNB scheduler to get PH for both subframe sets. This is mainly due to the following reasons:

(1) It is difficult to infer the PH of one subframe set directly from the PH of another subframe set. See R1-133538 for details.
(2) In general, the UL subframes in two subframe sets are not uniformly distributed, one subframe set could have less chances to transmit the PHR. Therefore, the eNB may have insufficient information about the UE’s transmit power capability in one of the subframe sets.
(3) The eNB can schedule PUSCH in a subframe set in order to obtain the PHR for the corresponding subframe set, and the PHR for the other subframe set can be obtained by scheduling another PUSCH in the corresponding subframe set after the next PHR triggering event occurs. However, the eNB is not aware of whether/when PHR is triggered due to pathloss change. Therefore it is difficult for the eNB scheduler to ensure getting PH for both subframe set.

	LG Electronics
	Q1: Yes. According to the current specification, PHRs are estimated and transmitted at the same subframe where PUSCH is transmitted. So, for each subframe set, the PHR is obtained at one subframe belonging to the subframe set. However, in such operation, there exist some restrictions on obtaining the PHRs for two subframe sets from the perspective of an eNB.

Q2: Yes. Firstly, there will be an UL resource waste (or an UL scheduling overhead increment) to obtain the PHRs for two subframe sets. This is because an eNB can get only PHR for one subframe set at a time. In addition, this drawback may also causes an additional problem that it is hard for an eNB to get the PHRs of two subframe sets in time. Secondly, it is hard for an eNB to infer the PHR value of one subframe set from that of another subframe set. The reason is that the pathloss value is in general unknown to an eNB, and if TPC accumulation is enabled, the accumulated TPC value is also unknown to an eNB since an UE may be able to miss TPC command.

	Samsung
	Q1: Yes. As already explained, PHR is estimated for the subframe of PUSCH transmission. This can be in either of the subframe sets.

Q2: The question in our view is whether additional (second) PHR can be helpful given the current working assumption for UL power control. If interference changes after each reconfiguration while subframe sets are semi-static, there is no point for second PHR as subframes in the second set of subframes can require either first UL PC or second UL PC. If the interference is invariant to reconfigurations, having the same closed-loop PC operation for both UL power control process is much preferable as the interference difference can be accounted for by the open loop component and channel variations are obviously same for the two subframe sets.

	InterDigital
	Q1: We think that it is in principle possible to obtain PHR for the different subframe subsets using the current mechanism on occasions where PHR triggering can be predicted by the eNB, but we doubt this is a meaningfully practical approach for eIMTA if we have to make use of complicated eNB side tracking and scheduling strategies. PHR calculation in the UE by definition applies to the subframe / TTI it is reported in. However, both the periodic and the trigger-based PHR reporting don’t distinguish between different types of UL subframes.

Q2: We think that the approach where the PHR for the second subframe subset is inferred from the PHR reported for the first subframe subset by means such as eNB side Rx power difference measurements, UE RSRP reports or tracking of the closed-loop TPC component is inevitably penalized and can never achieve the level of accuracy provided by an actual UE computed PHR report for the second subframe subset.

Furthermore, an implementation based approach to PHR reporting for the two UL subframe subsets can only practically use the periodic PHR. If we do not have PL change, PMPR change and SCell activation triggered PHR reports available for the second subframe subset in R12 eIMTA, we are de-facto losing PHR functionality that we had available in R8-R11. It is worthwhile to remember that for triggered PHR reporting, UE power management back off (PMPR) can’t be observed or inferred by the eNB. For tablets, values up to 9 dB back off are possible, even if for some other phone factors the P-MPR is not needed at all or is under tolerance values.

When using the current PHR mechanism with periodic PHR reports for eIMTA, only one periodic timer can currently run in the UE. This means that PHR for fixed UL subframes then PHR for flexible subframes have to be retrieved one after the other if eNB inferred / computed PHR for the second subframe subset isn’t used. This stretches the reporting timeline. The heavier constraint is that the periodic timer can only be perfectly timed by the eNB when it issues a grant for an initial TB and it seems very unpractical to subject eNB scheduler decisions for HARQ re-transmissions of a given UE HARQ process occurring in an UL subframe on the need to schedule a new transmission in the TTI for purpose of PHR periodic reporting.


Summary: 

· Current PHR mechanism is sufficient to support PHR for the two subframe sets and no enhancement is needed

· Supported by: CATT, Ericsson, Quacomm, Intel, Samsung

· Current PHR mechanism can allow PHR for the two subframe sets but not sufficient and enhancement is needed

· Supported by: ZTE, Huawei, HiSilicon, ALU/ASB, Sharp, MediaTek, LGE, InterDigital, NSN/Nokia
· Current PHR mechanism cannot be used for PHR for the two subframe sets

· Supported by: Panasonic
2 Potential gains by PHR enhancements for TDD eIMTA

Companies are invited to provide input on the following points:

· Q3: Any qualitative gains or general discussion on the benefits of PHR enhancements for TDD eIMTA?

It is reminded to consider the current PHR mechanism as well as implementation methods to allow PHR for two subframe sets, when assessing the benefits of potential PHR enhancements.
	Company name
	Views

	CATT
	As shown in the following figure [R1-135816], very few UEs (less than 5%) in typical eIMTA scenarios, i.e. small cell, will transmit with higher than 10dBm Tx power even when the open loop parameter for the flexible subframe set is set as 20dB higher than the fixed uplink subframes. This means that PHR may in general be required only for few UEs in eIMTA scenarios. The potential gain (if any) of any enhanced PHR mechanism over the existing PHR mechanism can only be enjoyed by the less than 5% of UEs. Therefore we don’t see the necessity to introduce PHR enhancements in the specification for eIMTA.
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Figure 1: UE Tx power CDF with dual uplink power control subframe sets [R1-135816]


	Panasonic
	PHR enhancement is helpful to realize efficient UL transmissions. We can envisage two PHR enhancement methods:
1) Subframe dependent reporting (no RAN1 spec modification but RAN2 event modification)
2) UE reports two PHR simultaneously (Both RAN1/2 spec modification)
We prefer the latter one as it is more complex to report two PHR for two subframe sets by the event modification part. To report two PHR simultaneously would be simpler. But how to realize it (two MAC CE or 1 MAC CE including two fields) could be decided by RAN2.

	ZTE
	Q3: according to our statement for Q2, PHR enhancement at least has following benefits: firstly, if PHRs of two subframe sets are triggered and reported at the same time, overhead of control signaling is saved and eNB can get PHRs of two subframe sets in time, which benefits eNB’s scheduling. Secondly, if only type 1 PHR is reported for the subframe set without PUCCH transmission, efficiency of UL resource is increased. At last, the new specification change on PHR reporting may also give a chance to simplify eNB implementation in obtaining PHR from two subframe sets.

	Huawei, HiSilicon
	As we mentioned in Q2, the current PHR triggering scheme may be not sufficient to allow triggering PHRs for two subframe sets. 

It is also difficult to derive one subframe set’s PHR from the other subframe set’s PHR, since the TPC accumulation will not be aligned between eNB and the UE, when UE receives positive TPC after UE reaches PCMAX. 

In the system level simulation, once UE’s TX power reached PCMAX, the UE will be counted into “the number of UE had reached the PCMAX”. In the following chart, the percentage of UEs, whose TX power reached the PCMAX  during simulation time (1s, 3s, 5s, 10s, 20s), is shown. We observe that over14% UEs reach PCMAX within 10s. The proportion of affected UE keeps rising while the increase speed tends to slow down.
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According to previous analysis, we think it is necessary to report two subframe sets’ PHR to avoid unnecessary PHR misalignment between eNB and UEs.

	Ericsson
	Q3: Based on the discussion in Q2, we don’t see clear evidence to motivate PHR enhancements. Besides, we think the existing principle for power headroom report should be kept unchanged that PHR calculation should relate to the subframe in which it is sent, i.e. reporting multiple PHRs for different subframe sets in one subframe should be avoided.

	ALU/ASB
	Q3: As discussed in our answers for Q2, the existing mechanism would not be sufficient for PHR for two subframe sets. As long as PHR is useful in any of the eIMTA scenarios, an appropriate PHR mechanism needs to be provided. Even though in some of the simulations, most of the UEs do not reach maximum power, this depends heavily on simulation assumptions and traffic model. When there are few UEs in a cell and heavy UL traffic, the eNB would need to know PHR in order to decide how much resource to allocate to each UE. We cannot agree that PHR is not useful at all for eIMTA UEs. Therefore we support PHR enhancement. A straightforward way is to report PHR for two subframe sets in the same report. The PHR for the subframe set that the subframe does not belong to would be calculated based on some reference format, which is not a new mechanism either.

	Qualcomm
	Q3: Although it is possible to enhance PHR to more explicitly tailor it with flexible subframes, the corresponding performance gain is not clear. On the other hand, such enhancement will impact both RAN1 and RAN2. Therefore, we prefer not to further enhance PHR for eIMTA.

	NSN, Nokia
	Q3: As mentioned the drawback of single PHR report in Q2, the dual PHRs for two subframe sets has following benefits:

1. Prevent performance loss comparing with implementation method. eNB can schedule all uplink subframes for data transmission, and don’t need to avoid uplink scheduling for getting PHR in the specific subframe set.

2. eNB can get two subframe set PHRs promptly. It will be more beneficial for eNB allocating uplink resource. Especially for the CA scenario, it could prevent the performance loss with only one PHR report in eIMTA carrier.

	Intel
	Q3: We are not convinced that PHR enhancement by simultaneous reporting of two PHRs for different subframe sets is beneficial from system performance perspective. It would be good to see analysis comparing to eNB implementation based approaches. We think that existing reporting mechanism when PHR is reported for subframe with scheduled PUSCH transmission is sufficient and should be preserved.

	Sharp
	Q3: We have similar views to Panasonic and ZTE. If PHRs of two subframe sets can be triggered at the same time, eNB can obtain PHRs at the same time, which is beneficial for the eNB scheduler. Moreover, reporting PHRs of two subframes sets together can avoid potential impact on the PHR trigger event, e.g., pathloss change trigger event.

	MediaTek
	Q3: PHR enhancement is helpful to more efficient UL scheduling. The enhancement we suggest is UE reports two PHR simultaneously per PHR trigger.  In so doing, the eNB gets the UE transmit power capability in both subframe sets per PHR triggering event.

	LG Electronics
	Q3: To resolve the above-mentioned restrictions of the current PHR mechanism, the PHR enhancement could be needed. Firstly, if the PHR is triggered, it can be interpreted that the PHRs of all subframe sets are triggered and reported. Secondly, with regard to the PHR reporting timing of each subframe set, the following two options can be considered. The first one is that the PHRs of all subframe sets will be reported simultaneously in the same subframe. The second one is that the PHR of each subframe set will be reported at one subframe which belongs to the each subframe set. The former may require more specification works to design a new container (carrying PHRs of multiple subframe sets of a single CC), but it can provide an eNB with PHRs of all subframe sets in a short time. Thirdly, if the PHR is triggered, it can be interpreted that the representative PHR is reported to an eNB. Here, for example, the representative PHR can be defined as the minimum value among PHRs of all subframe sets. Furthermore, in this scheme, it may also consider whether an UE reports the index of subframe set which has the minimum PHR or not. This scheme does not have an impact to other working groups. Regarding the power limitation in an eIMTA-operating system, it needs to be reminded that subframe-set specific power control is useful in mitigating interferences from pico cells to macro cells in the scenario of macro-pico adjacent channel. So, PHR enhancement is expected to be useful more for macro UEs in that scenario.

	Samsung
	Based on the analysis in Q2, no gains can possibly exist if the interference changes after a reconfiguration. If the interference is (semi)-static, using the same closed-loop PC loop for the two subframe sets will be advantageous to introducing additional PHR. 

	InterDigital
	Q3: We think that PHR reporting with R12 eIMTA should provide the same level of scheduling accuracy / performance as we currently have available in R8-R11. In particular, we think it is desirable to maintain the ability to fully use both periodic PHR and triggered PHR reporting with eIMTA. UEs supporting carrier aggregation already support extended PHR reporting. It appears counterintuitive to not reuse this existing reporting mechanism in R12 eIMTA for the second UL subframe set and to rely on complicated eNB side tracking and scheduling strategies instead.

For example, simultaneous reporting of two PHR’s by the UE for the two UL subframe subsets in a given subframe / TTI, call it subframe n, can still be done by generating both PHRs for the current subframe, not a future subframe. For the first subframe subset that the subframe n belongs to, PHR is computed as is. For the second subframe subset, the UE uses the Po, alpha, and TPC accumulator for the other subframe subset to compute a PHR. The latter can be either a virtual PHR or it can be a real PHR using the grant in subframe n. Or, RAN2 could discuss whether subframe dependent PHR reporting through modification of the event triggers is less complex.


Summary:

· Potential gains by enhanced PHR (claimed by the proponents)

· Efficient UL transmissions

· Panasonic, ZTE, MediaTek

· Control overhead saving

· ZTE

· Get PHR in time

· ZTE, NSN/Nokia, Sharp, LGE

· Avoid PHR misalignment at eNB and UE

· Huawei, Hisilicon

· Beneficial for UL heavy traffic condition

· ALU/ASB

· Avoid scheduling restriction

· NSN/Nokia, InterDigital

· Avoid the impact to existing PHR triggering event (e.g. PL change)

· Sharp, InterDigital

· Beneficial for macro UEs

· LGE
· Simplified eNB implementation
· ZTE, InterDigital
· Possible PHR enhancements

· PHR for the two subframe sets are reported simultaneously

· ZTE, Panasonic, ALU/ASB, Sharp, MediaTek, LGE, InterDigital, NSN/Nokia
· Representative PHR (e.g. the minimum PHR is reported)

· LGE

· Subframe dependant PHR triggering

· Panasonic (not preferred)
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