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1 Introduction & Background

During RAN2#69bis to RAN2#71 the impact on the existing PHR reporting mechanism from CA has been discussed. There have been many contributions and also a previous e-mail discussion on this topic, but RAN2 has not yet managed to come to any conclusion on which solution that is technically superior. This e-mail discussion aims to bring up some of the issues discussed in RAN2#71 meeting so that companies may express their opinions about which solution they prefer and why. 

Finalization date: Monday Oct 4th 2010, midnight Pacific
2 Discussion
This chapter has been divided up into a number of subsections, each attempting to treat one main open issue and present the different solutions/options which have been discussed in the meetings so far. Companies are asked to indicate which solution they prefer and their motivation for why this solution is preferred. 

In some sections there is both an alternative and sub-alternatives (A/B) indicated. Companies may then either indicate preference of a specific sub-alternative or, if they have no strong preference of a specific sub-alternative, indicate only the main alternative.

Which CCs shall report PHR in a given TTI?
The current agreement in RAN2 is that when PHR is triggered, it shall be reported for all configured UL CCs, with an FFS if this should be limited to all activated UL CCs only. In RAN2#71 a number of companies indicated that the eNB could get sufficient information even if PHR is transmitted only for the UL CCs which have a valid UL grant in this TTI. 

Whether some kind of per UE PHR or MPR report would be useful information in addition to the per CC PHR was also discussed but it was not concluded if such additional information would give significant benefits to the eNB or if it would merely be an optimization. Even though RAN2 is still awaiting an LS response from RAN1 on this matter, companies are asked to discuss this internally and express their view if possible. 
Companies having a preference for alternative 1 are also asked to indicate how they think that CCs which are not scheduled in this TTI should be handled, e.g. should any PHR triggered for them be cancelled or should it be reported in the next TTI where this CC has an available grant. Since this is strongly related to the handling of the prohibitPHR-Timer in section 2.3 companies may also indicate their views on this matter in that section.
Alternative 1: Report PHR for scheduled UL CCs only.

1A: Per CC PHR(s) gives the eNB sufficient information.
1A1: Report *Type 1* PHR for scheduled UL CCs only. Per CC PHR(s) gives the eNB sufficient information.

1B: The eNB will need additional information, such as e.g. per UE PHR/MPR report.
Alternative 2: Report PHR for all configured (FFS if limited to activated) UL CCs

2A: Per CC PHR(s) gives the eNB sufficient information.


2B: The eNB will need additional information, such as e.g. per UE PHR/MPR report.

	Company name
	Preferred solution/Motivation/Reasoning

	HTC
	The benefit of the virtual PHR for unscheduled CC is not significant, even to report a reference format. It can not reflect the truly PHR information of the CC. In addition, per UE PHR report is not really needed, therefore, the Alternative 1A is more preferable.

	ZTE
	If the PHR of non-scheduled CC is also reported we potentially need support virtual PHR. Virtual PHR itself may provide some useful information, however it may impact the PHR of scheduled CC due to different power reduction after considering carrier aggregation operation. And we believe CC specific PHR of scheduled CC is sufficient in most case. However CC specific PHR of scheduled CC can’t reflect whether power scaling down occurred within UE or not. So additional UE PHR/MPR report can help eNB to adjust its scheduling or power control due to estimation error based on reported CC specific PHR of scheduled CC.

	Ericsson/ST-Ericsson
	Alternative 2A. By receiving all PHRs in the same TTI, the eNB will have more timely updated PHR information for all CCs and by using a “virtual PHR” it will also be able to get information about pathloss and TPC errors of the UL CCs not scheduled. This helps improving the scheduling decisions for following UL grant(s) using formerly unused SCells. It also simplifies PHR handling at eNB since PHR for all configured component carriers is reported simultaneously. The same eNB processing can then be applied independent of the number of actually scheduled component carriers.
MPR and A-MPR information available in the tables of 36.101 should be used by the eNB to make estimations of Pcmax,c. If additional information is needed should be decided by RAN1. The (A-)MPR tables in 36.101 can also be used by eNB to adjust the PHR estimation if PHR is reported for all configured component carriers but eNB intends only to schedule the UE on a subset of configured carriers (A similar calculation needs to be done even if alternative 1 is selected and eNB schedules the UE on more or less subcarriers than PHR has been reported for in a specific TTI).

	Panasonic
	One important purpose of the power headroom reporting is to provide eNB sufficient information in order to be able to evaluate whether future resource allocations will exceed the power limit of an UE.
The required transmission power for an uplink transmission on a CC is basically comprised of a resource assignment related part (e.g. number of RBs) and a non-resource assignment related part (path loss and TPC status). In order to be able to estimate whether a resource assignment exceeds UE’s total power limit, eNB needs to know the non-resource assignment related power part, which is also referred to as base power in the following. Based on the base power of an UL carrier, eNB can also decide whether to schedule multi-CC transmissions. In case eNB has no information on the base power of a non-scheduled UL CC, it’s impossible for an eNB to estimate whether a future PRB assignment would exceed the UE total power limit. Hence we think it is essential to inform non-assignment related part of the power control, i.e. base power, for a non-scheduled UL CC. Therefore a virtual PHR should provide information on the base power for a non-scheduled UL CC. Note that for a scheduled CC, with eNB's knowledge of the resource assignment, eNB can estimate the base power based on a normal received PHR.
It should be kept in mind that for single-UL CC operation, the main case for power limitation is that only a few PRBs are assigned but each PRB has a large power spectrum density, e.g. at cell edge. On the other hand, multiple- UL CC operation is mainly used in the cell center. Therefore, power spectrum density itself is relatively small but UE could reach power limitation by assigning large number of PRBs. Therefore, base power knowledge is important in spite of smaller power spectrum density situation.
Base power knowledge for both scheduled and non-scheduled UL CCs is not only used by eNB for the estimation whether future resource assignments exceed the UE total power limit but also help eNB to detect and avoid power spectrum density imbalances among aggregated UL CCs. eNB should avoid resource assignments resulting in large power spectrum density differences among CCs as discussed in RAN4, since it could lead to unwanted emissions. Therefore a virtual PHR is essential for the avoidance of future resource assignments causing large power spectrum density differences among the aggregated CCs.
It should be noted that in order to estimate the base power of an UL CC, for the calculation of PHR, the power reduction (MPR/A-MPR) applied for a CC shall not consider transmissions on other CCs.


Considering those aspects we have a preference for alternative 2, i.e. report PHR for all configured (FFS if limited to activated) UL CCs.
In order to estimate whether future PRB assignment would require more transmission power than the power limit, eNB needs to also know the actual power reduction (MPR/A-MPR) values applied by the UE for a certain resource assignment. For such purpose, a per-UE PHR which indicates a precise view on the instantaneous total UE power status for the current allocation is helpful. However since the actual MPR/A-MPR value would vary depending on the assignment/modulation order, eNB should obtain a per-UE PHR (MPR/A-MPR value) for each possible assignment and modulation order for each UE. This doesn’t seem to be a realistic assumption considering the involved complexity. On the other hand instead of using per-UE PHR/MPR reporting eNB can use a conservative assumption for the used power reduction based on the minimum requirements defined by RAN4. This is not be perfect but might work sufficiently well using that reduced MPR/A-MPR as the improvement of BLER.

	InterDigital
	Alternative 2B

Alt 2 allows the scheduler to anticipate available power for not currently scheduled CCs. The reason a CC is configured and activated is because the eNB intends to schedule that CC, since having CCs configured and activated that are not scheduled needlessly wastes UE processing and battery consumption. Therefore for accurate and correct scheduling on these CCs PHR should be reported for all configured and activated CCs.

Compared to Alt 2A, including proposals to modify per-CC PHR, Alt 2B provides an indication that scaling has occurred on one or more CCs, and if the power limitation is CC or UE specific, which is also necessary for accurate and correct scheduling.

Alt 2, and Alt 2B further improves scheduling, by minimizing scheduler “learn over time” (i.e. realizing too high/low grants after the CC is scheduled), and the additional computation requirement and payload requirement to support 2b vs. the other alternatives seems insignificant.

	Pantech
	Alt2 and option 2B
We have the same opinions of other companies about PHR report of configured UL CCs. Even for non-scheduled UL CC, if PHR is triggered, then PHR of the corresponding UL CC should be transmitted to the eNB. Otherwise, the eNB could not acknowledge the pathloss change for the corresponding UL CC correctly and then would grant too broad band (or too high modulation) to the UE at the next UL TTI so that the transmission power of the UE be over the maximum total power. The eNB could not help suffering frequent uplink error due to UE’s scaling down. In Rel-8/9, since only one CC is used, triggered CC is equal to CC which will be scheduled at the next TTI. In the other hand, CA is adopted in Rel-10, and thus the triggered CC is possibly different from the CC which will be scheduled at the next TTI.
In our understanding, a PHR for the non-scheduled CC or CC combination is quite a necessary element for the dynamic scheduling. Many companies raised serious concern on the unknown MPR to the eNB. We can hardly think that the PHRs only from the scheduled UL CCs could sufficiently solve this problem. For example, a UE is configured with 3 CCs and only transmits on CC1 and CC2, and it reports PHRs only for CC1 and CC2, and then it would schedule a transmission on CC3. Additional transmission on CC3 would increases MPR by 5dB compared to the transmission only on CC1 and CC2. Because the eNB cannot know this information, its resource allocation can cause serious performance degradation in UL transmission with power scaling-down. As a possible solution for this problem, eNB can adopt conservative MPR (e.g. minimum requirement of MPR) for all possible scheduled CC composition. However, we concern about uplink performance degradation (uplink coverage decrease and throughput reduction). This solution implies that MPR value is the same and fixed for all UEs in a system in the degree of satisfying minimum requirement. Even though the RF of a certain UE is implemented possibly to operate in less than 4dB (cf. this value is just an example), eNB would schedule smaller resource or lower MCS for the UE corresponding to 4dB. Hence we think additional PHR for the non-scheduled CC or CC combination is essential information to do dynamic scheduling.

	Huawei
	Alternative 1(B): If per-CC PHRs are reported for configured but not scheduled CCs and the PDCCH is not detected by UE correctly, eNB may underestimate the power consumption by treating a virtual PH as a real PH, which may cause additional estimation error. 
The pathloss and TPC information of a non-scheduled CC is not significant especially for the long later scheduling on non-configured CCs.

In order to avoid the UE power limitation, per UE PH information should be known by the eNB based on UE reporting or eNB own estimation. Although eNB could estimate the (A-)MPR roughly according to the RAN4 specification, the conservative estimation error could be 1 or 2dB for each CC. The total estimation error would be much bigger if eNB estimate the multiple (A-)MPRs for all aggregated CCs. It would be worse if the MPR is also impacted by transmission on other CCs. If eNB try to estimate the per UE PH information without additional information, some uncertainty is introduced obviously. So the eNB needs additional information

	Samsung
	Alternative 2
In carrier aggregation, there are two types of uplink scheduling
1) Single PUSCH scheduling where ENB schedules UE in a single uplink CC in a TTI
2) Multiple PUSCH scheduling where ENB schedules UE in multiple uplink CCs in a TTI

[image: image1.emf]CC1

Single PUSCH 

scheduling

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

CC2

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

CC3

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Multiple PUSCH 

scheduling

Single PUSCH 

scheduling

Multiple PUSCH 

scheduling

A

B

C D

Initial tx retx

E

F


In our understanding single PUSCH scheduling is as important as, if not more important than, multiple PUSCH scheduling.
The agreement that PHR shall be reported for all configured/activated CCs was to give the ENB the information on the power status of the non- scheduled CCs in advance, and the motivation seems still valid at least for the single PUSCH scheduling. 
The usefulness of non-scheduled CC’s PH may be questioned for multiple PUSCH scheduling. However it is obviously useful for single PUSCH scheduling. For example PH of CC3 reported at ‘A’ can be used for scheduling CC 3 at ‘E’ or ‘F’.
For efficient multiple PUSCH scheduling, something additional may be required, but Samsung has no strong opinion on it at this moment. We expect to discuss it after the discussion on single PUSCH scheduling is settled down.


	CATT
	Alternative 1A
Based on the assumption that eNB learns UE’s powerclass and the MPR/A-MPR would defined in RAN4 spec, we think it is sufficient to only report PHR of the scheduled UL CCs. eNB could deduce UE’s PHR and learn UE’s power limitation information based on it. 
Regarding the possible benefit brought by the virtual PHR of non-scheduled CC, which would give the pathloss information on it, we think the CC specific PHR triggered by pathloss reference change (i.e. prohibit-timer is maintained per CC) could bring the same effect. So we do not find enough benefit from the virtual PHR of non-scheduled CC.
Regarding the possible benefit brought by the UE PHR/MPR, which would give some information on MPR/A-MPR, we think RAN4 would give the MPR/A-MPR requirement in RAN4 spec, which would instruct eNB to roughly estimate MPR information. So we think per UE PHR/MPR is not necessary.

	Alcatel-Lucent
	Alternative 2(A): We support the option where PHR for all configured CCs (FFS if limited to activated UL CCs) are reported. If a CC is not scheduled for long period of time, we think the CC will either be deactivated or de-configured (depending on the agreement from [71#56]). Therefore, the CCs which are not deactivated/de-configured are assumed to be actively in UL transmission. From this point of view, even though the CC does not have a valid grant at the time PHR is triggered, we believe the transmission of the PHR for the CC provides useful information (eg. Pathloss, TCP errors, etc) to the eNB scheduler in more timely manner. In addition, the reporting of PHR for all CCs together simplifies MAC operation, PHR timer maintenance. 

Per UE PHR in our view does not provide sufficient/useful information in deriving the per CC scheduling and power estimate. Therefore, if additional information is seen useful in some scenarios, we believe that additional information should be provided per CC basis.

	LGE
	Alternative 2

Basically, per CC PHR is intended for using to avoid PUSCH allocations requiring more than the maximum CC transmit power. Therefore, as pointed out by Samsung, PHR from non-scheduled CCs seems useful for the eNB to determine future PUSCH allocations for each CC. Also, although alternative 2 requires some efforts for defining virtual PUSCH formats, alternative 1 seems to also require more complicated handling of periodic/prohibit timers than alternative 1.

For additional information in addition to per CC PHR, we would prefer to wait for inputs from RAN1

	Nokia & NSN
	Alternative 1B
For activated CCs, we agree with InterDigital that if eNB configures and activates an SCell, it is likely to schedule it, thus should be enough to only report PHR of the scheduled CCs. Even if eNB is not scheduling an activated SCell (which is rare case), the usefulness/complexity of virtual PHR can be found in Tdoc R2-104394.

Similarly for deactivated CCs, there is no need to report PHR as eNB could not schedule them before activation. It should be enough to trigger PHR upon activation.

No need to delay the PHR for the CCs not scheduled and reports it when there is grant available, as it will introduce unnecessary complexity of PHR triggers maintenance.

Regarding per UE PHR, we think it is needed to provide per UE power limitation, because the MPR/A-MPR defined in RAN4 is only maximum values, while the actual value UE is using is unknown. Notice that there can be a difference of 5 dB and more between the MPR defined in 36.101 and the MPR actually applied at the UE [R1-102950], which is on the other hand unknown at the eNB. If eNB always assumes maximum values according to the tables defined in RAN4, better UE implementation cannot be benefited but rather suffered because of the unawareness from the eNB of power scaling due to per UE power limitation.

	Qualcomm
	We prefer Alternative 1A1

The reason is we believe that reporting PHR only for the scheduled CC provide sufficient information for the eNB. If the eNB activates other CC’s, the allocation will likely change and the MPR will change as well so the PHR on the non-scheduled CCs may not apply anyway. Also, we believe per-UE PHR will not add extra information to the eNB because in Release 10, RAN4 only defines cases applicable to intra-band case, where there’s a single power amplifier (PA) for all CC’s. As such, the MPR is likely to be per-PA and based on the per-CC PHR, the eNB would have enough information to decide whether to increase/decrease the power. We also believe there is no need for virtual-PHR.

Also, the per-UE PHR report can be seen only as an optimization for some limited scenario that includes all of the following: no change in the assignments such as SPS, UE operating at the power limit, MPR defined per PA, and inter-band CC aggregation (which is not even applicable to the Rel-10 UEs).

	RIM
	We prefer Alternative 2.
Reporting the PHR of configured but non-scheduled CCs will provide eNB’s scheduler with relevant PL/TPC related information for future scheduling of those CCs. Although it is true that the PHR report based on virtual PUSCH format may not be accurate due to the variation in actual MPR, but the same margin of error also applies to the PHR report of scheduled CCs since the MPR may be different when those CCs are scheduled again in the future due to different RBs allocation and also different combination of CCs that may be scheduled in the future. The main purpose of the PHR reporting is to provide eNB with PL/TPC information of each configured CC (scheduled or non-scheduled) and some estimation of MPR.
Regarding additional per-UE PHR/MPR report, we think it can provide additional information to the eNB on the overall power limit at the UE when multiple CCs are scheduled. However, there is also inherent inaccuracy in the report since the MPR will likely change in the future when different RBs/CCs are scheduled. We prefer to wait for RAN1/RAN4 conclusion on this issue.
As Panasonic pointed out, it is FFS whether only PHRs of activated UL CCs should be reported. This depends on the decision on UL activation/deactivation. As a minimum, we consider that if the corresponding DL scheduling CC of an UL CC is deactivated, the UE should not report the PHR of the UL CC since such information is of no use to the eNB scheduler.

	Hitachi
	Alternative 2A

If eNB has no information of PHR for non-scheduled CC, it would be difficult for eNB to estimate UL power of non-scheduled CC by using PHR for scheduled CCs only. By using virtual PHR of non-scheduled CC(s), eNB can acquire information of pathloss and TPC status. That enables eNB to make decision whether to schedule non-scheduled CC(s). In addition, if UE reports PHR for all configured CCs in the same TTI, eNB can update PHR information for all configured CCs at the same time. This would be simple for PHR handling at eNB.

MPR/A-MPR can be estimated by using RB assignment information and modulation order. Though the estimated MPR/A-MPR would be conservative value, it would be sufficient for eNB to estimate per UE PHR. Even if eNB gets per UE PHR, the similar estimation needs to be performed due to variation of MPR/A-MPR depending on assignment/modulation order. Therefore, we think that per UE PHR is not necessary.

	ITRI
	Alternative 2B

We agree that Alternative 1 can reduce the size of PHR MAC CE comparing to the Alternative 2. However, we think the gain is minor, especially when we still need some additional parameters (e.g., CC ID(s) or bitmap) to achieve Alternative 1. 

If we go with alternative 2, PHR MAC CE would be much simple. Besides, with additional virtual/reference information for non-scheduled CCs, it can help eNB schedule UL resource for these non-scheduled CCs later.

We are still not sure whether reporting MPR is needed or not.  We would like to wait for RAN4’s decision.  However, we think that per UE PHR is useful for eNB to know the limitation of UE power, and it can reduce the computation complexity in the eNB. No much overhead for per UE PHR reporting is foreseen.



	Fujitsu
	Alternative 2A
Since PHRs reported for all configured/activated CCs give the eNB the information on the power status of the non- scheduled CCs in advance, they are useful for the eNB to determine future PUSCH allocations for each CC.
Regarding the necessity of the per-UE PHR/MPR, RAN4 spec gives the (A-)MPR information and eNB could use this for the used power reduction based on the minimum requirements defined by RAN4. So we think per UE PHR/MPR is not necessary.

	NTT DOCOMO
	Alternative 2B

On the need for additional reporting:

In Rel-8, eNB can estimate PL and UE power headroom through PHR with some ambiguity, where the ambiguity is caused by the difference in the maximum MPR/A-MPR values specified in RAN4 specifications and the actual MPR/A-MPR applied by the UE.

In Rel-8, such ambiguity is still tolerable considering that the maximum values specified for MPR/A-MPR are normally less than or equal to 3dB.

With Carrier Aggregation however, considering simultaneous PUSCH/PUSCH and PUSCH/PUCCH transmissions, the maximum MPR/A-MPR values to be specified in RAN4 specification could be much larger due to inter-modulation effects, thus creating larger ambiguities.

Therefore, we consider it beneficial to have some additional reporting in Rel-10. Specifically, we think that the actual Pcmax value used to calculate the PH value should be reported within the PHR. This would help the eNB to accurately estimate the PL and power headroom experienced by the UE in the context of Carrier Aggregation.

On the need for virtual PHR:

As mentioned by other companies supporting Alternative 2, we think having virtual PHR reported for configured (FFS for deactivated) but not scheduled P/SCell would be beneficial in assisting eNB decisions on whether or not and how to allocate PUSCH resources on that P/SCell in the future. It is noted that we think that the UE should take into account the actual MPR/A-MPR values which is a result from the entire PUSCH allocations over all scheduled P/SCells only (i.e. not taking into account the virtual PUSCH format for the non-scheduled P/SCells) when calculating PH for scheduled P/SCells, but for virtual PHRs, it might be considered to only take into account the MPR/A-MPR values which would result only from the virtual PUSCH format in the non-scheduled P/SCell (i.e. not taking into account PUSCH allocations in the scheduled P/SCells).

	MediaTek
	Alternative 1B

There are 3 phases for a SCell:

Phase 1 - before the first grant

As mentioned by Panasonic, virtual PHR can provide some pathloss information for the first grant. But I think eNB can anyway use a conservative pathloss estimation just like it does for the MPR for the first grant.

Phase 2 – data burst after the first grant

This should be considered as the normal case, a SCell is activated for data burst. In most cases, multiple-CC transmission would happen and real PHR would be reported. Virtual PHR only appears sporadically and it may require different handling at the eNB.

Phase 3 – after data burst

We are not interested in the performance in this phase.

In all 3 phased, MPR estimated from virtual PHR cannot be applied for multiple-CC transmission. This point alone renders virtual PHR almost useless.

Therefore, we prefer not to have virtual PHR since it only carry little useful information and its usage is limited.

Our idea of providing additional information on UE remaining power is explained in R2-105442 and R1-105234. Some points are listed below:

1. Providing such information can increase peak data rate (by granting more PRSs) at cell center (the main use case for CA) over conservative assumption on MPR. Since data should be transmitted sooner or later, there is no need to consider power saving in this case. 

2. Providing such information can prevent eNB confusion on a UE’s operation point, please refer to the Tdocs for more details.

3. Providing such information gives eNB a direct mean to find out power scaling instead of implicit learning over time.

We also recognize the point mentioned by NSN, good PA implementation is actually punished by the conservative assumption.

	
	

	
	

	
	


Should Type 2 PHR be reported if there is no PUCCH transmission in this TTI?
When reporting PHR, SCells will report Type 1 PHR and the PCC will in addition report a Type 2 PHR to inform the eNB of the PUCCH PHR. RAN2 has not yet agreed if it should be allowed to report Type 2 PHR in case there is no PUCCH transmission in the TTI where the PCell is reporting PHR. RAN1 has agreed that a reference format may be used if RAN2 agrees that Type 2 PHR shall be reported in a TTI where there is no PUCCH transmission. Companies are asked to indicate their preferred solution and the benefits of it. 
Alternative 1: Always report Type 2 PHR when Type 1 PHR is reported for the PCC. Use the PUCCH reference format defined by RAN1.

Alternative 2: Only report Type 2 PHR when Type 1 PHR is reported for the PCC AND there is a PUCCH transmission in this TTI.
Alternative 3: Always report Type 2 PHR for the PCC regardless of whether or not there is PUCCH or PUSCH transmission or both on the PCC.  If no PUCCH transmission on the PCC, use a PUCCH reference format defined by RAN1. If there is no PUSCH transmission, use zero PUSCH power assumption.

· If there is PUSCH transmission on the PCC, both type 1 and type 2 PHR are reported

· If there is no PUSCH transmission on the PCC, only type 2 PHR is reported with PUSCH transmission power assumed to be zero for PHR.
	Company name
	Preferred solution/Motivation/Reasoning

	HTC
	Reporting type 2 reference format as no PUCCH transmission is needed, because in Rel-10, the PUSCH and PUCCH can be allocated in parallel, and they share the transmit power on PCell. Even though the virtual PUCCH PHR is just a reference information, it can benefit eNB to manage power allocation between PUCCH and PUSCH. In addition, always reporting type 1, type 2 PHR together can also simplify the PHR format. Therefore, we think Alternative 1 is more reasonable.

	ZTE
	Virtual type2 PHR can at least reflect the difference of power reduction when parallel PUCCH is considered. And it help eNB to do scheduling and power control for next scheduling TTI when parallel transmission occurs. And we also agree with HTC it make MAC CE simpler.

	Ericsson/ST-Ericsson
	Alternative 1. Rel-10 supports simultaneous transmissions of PUSCH and PUCCH. Both are independently power controlled but share the same total transmission power. Up to date PHR information for both PUSCH and PUCCH is therefore desirable. PUCCH and PUSCH transmissions on the PCC will however not always occur in the same TTI and when they do there is no guarantee that this coincides with the TTI where PHR is triggered. Hence being able to use a reference format for PUCCH would be beneficial, and if PHR is reported for all configured CCs it would be necessary to also have a reference format for PUSCH in order to be able to report Type 2 PHR together with the other PHRs. 

Also, as mentioned by HTC, always reporting Type 1 & 2 PHR for the PCC in the same TTI could simplify the PHR MAC CE format.

	Panasonic
	We think that reporting type 2 PHR together with type 1 PHR for UEs which are capable of simultaneous PUCCH and PUSCH transmissions on PCell is needed for an accurate power management/allocation of future PUCCH/PUSCH transmissions even when there is no PUCCH transmission in the reference subframe. According to RAN1 decisions PUCCH is prioritized over PUSCH transmissions for the power scaling case. Therefore for an appropriate power allocation of future PUCCH/PUSCH transmissions, eNB needs information on the required power for future PUCCH transmission. Using a reference PUCCH format for the type 2 PHR calculation provides eNB with this information. We agree with HTC that the PHR MAC CE format might be simpler when UE always reports type 1&type 2 PHR together.

For UEs which are not capable of simultaneous PUCCH and PUSCH transmissions, alternative 2 is sufficient, i.e. only type 1PHR is reported when there is no PUCCH. We assume here, that simultaneous PUCCH/PUSCH transmissions are some UE capability which will be signaled to the eNB according to the RAN discussion of RP-100666.

	InterDigital
	Alternative1

Alt 1 provides the scheduler with additional information useful beyond that of Alt 2, The additional computation and payload to support Alt 1 vs. Alt 2 is small. Alt 1 also results in consistent PHR behaviour amongst CCs: PCC always uses Type 1 and Type 2, SCCs always use Type 1

	Pantech
	Our company does not have strong opinion about whether determining Alt1 or Alt2. We agree with Samsung’s proposal (R2-104829, RAN2#71 Madrid). Alt11 is more efficient than Alt2 in the optimization point of view since PUCCH and PUSCH has same pathloss change without reconfiguration of Type 2 PHR function. However, the efficiency gain by no Type 2 PHR transmission will not be critical versus complexity increase. In our current understanding, we prefer Alt1 a little in the view of simplicity. And Alt1 definitely helps accurate scheduling at the time of simultaneous transmission of PUCCH and PUSCH compared to Alt2.

	Huawei
	Alternative 1: It is quick possible that the PUSCH only transmission is followed by simultaneous PUCCH and PUSCH transmission on Pcell, and there is no specific trigger for Type2 PHR, In order to guarantee that eNB could get the PUCCH and PUSCH transmission power information in time for possible later simultaneous transmission. It is better the Type2 PHR is always reported when Type1 PHR is reported for Pcell.

	Samsung
	Alternative 1
In our understanding, the usefulness of type 2 PHR in case of no PUCCH has already been verified by RAN1 (some companies has not agreed but majority opinion is that type 2 PHR in case of no PUCCH is useful).
In RAN2 point of view, we don’t see any reason to go against to the RAN1 agreement. Probably, there may be some issue on which MPR to be used, but we think it is just a matter of selecting one out of multiple feasible solutions. 
Furthermore by allowing type 2 PHR without PUCCH transmission, RAN2 work to define the trigger/format for type 2 PHR becomes easier, because simply no additional trigger is required and type 2 PHR can be incorporated to the type 1 PHR.

	CATT
	Alternative 1
If UE is configured PUSCH&PUCCH transmission simultaneously, we prefer alternative 1 for it is simple; otherwise, if there is no such configuration; we think it is no need to report type2 PHR. 


	Alcatel-Lucent
	Alternative 1: The transmission of PUCCH and PUSCH are totally independent and the power headroom can not be deduced for each other even if they are transmitted simultaneously. Considering that the PHR is used for the scheduling of UL transmission in the future TTI and which transmission is permitted is not known at the time of PHR transmission, it is better to have both type 1 and 2 reported simultaneously regardless whether PUCCH or PUSCH is absent in the current TTI. This also simplifies the MCA CE format design and MAC operation

	LGE
	Alternative 1
We think that if type 2 PHR is not reported in this case, there will be uncertainty about PUSCH allocation at the next TTI where PUCCH and PUSCH are allocated together because of independent TPC errors to PUCCH and PUSCH. That is, the eNB couldn’t compensate for TPC errors of PUCCH which occur for duration between two times: 1) the time when the last type 1 PHR and type 2 PHR is obtained together 2) the time when the last type 1 PHR only is obtained.
Also level of the uncertainty would depend on the frequency of simultaneous PUSCH and PUCCH allocation. If frequent, there should be no difference between alternative 1 and 2. Otherwise if not frequent, the uncertainty in alternative1 could be substantial.
Furthermore, as mentioned by HTC, alternative 2 would require a complicate MAC CE format to cope with conditional inclusion of type 2 PHR,

	Nokia & NSN
	Alternative 2

Similar to virtual PHR for PUSCH, the Pc,max used for the virtual Type 2 PHR is not same as when there is simultaneous PUSCH and PUCCH transmission, the virtual PHR calculated here anyway can not be used as the reference to schedule PUSCH/PUCCH when only PUCCH or both PUCCH and PUSCH are transmitted.

Regarding the argument of simplifying PHR format, as it was agreed if it is not configured UE only reports Type1, it would anyway be different when PUCCH + PUSCH is configured or not.

	Qualcomm
	We propose and prefer Alternative 3 above: the reason is if the UE always reports Type 2 PHR on the PCC regardless of whether or not there is PUCCH or PUSCH transmission, the eNB can estimate the power available for PUSCH transmission on any carrier more accurately since it knows the power left over by future PUCCH transmission on the PCC.

	RIM
	Alternative 1
It is important for the eNB to have the information of PHR of PUCCH to make sure power limit is not exceeded when PUSCH is scheduled along with PUCCH transmission in the same subframe. In addition, if type 2 PHR is not reported with type 1 PHR, separate trigger mechanism will be needed for type 2 PHR which introduces additional complexity. We don’t think there is complexity related to using reference PUCCH format as this has been discussed and verified in RAN1. We don’t think RAN2 should re-open this discussion.

Regarding the scenario that QCOM indicated where there is only PUCCH transmission but no PUSCH transmission on UL PCC, we think that is related to discussion in Section 2.1. Our preference is to transmit both type 1 and type 2 PHRs where the PHRs are estimated based on virtual PUSCH format. In this way, the same trigger mechanism can be used for type 1 and type 2 PHRs. We think that only reporting type 2 PHR while setting transmit power of PUSCH to zero in this case will introduce some complexity since separate trigger mechanism will be required for type 1 and type 2 PHRs.

	Hitachi
	Alternative 1

Since both PUSCH and PUCCH would not always be transmitted in TTI that PHR is reported, Type 2 PHR (using reference format) needs to be reported in case there is no PUCCH transmission in the TTI. This helps eNB to schedule future PUSCH and PUCCH simultaneous transmission.

And we also agree with HTC that always reporting Type 1 and Type 2 PHR for PCC simplify the PHR MAC CE format.

	ITRI
	Alternative 1

RAN2 has agreed that “without parallel PUCCH/PUSCH support only Type 1 PHR is reported”.  Thus, in this e-mail discussion, we only need to consider the case where parallel PUCCH/PUSCH is supported.  To align with our previous comments, reporting two types, Type 1 PHR and Type 2 PHR, is preferable, and it can simplify the MAC CE design.

	Fujitsu
	Alternative 1

Simultaneous transmissions of PUSCH and PUCCH are supported in Rel-10 and their powers are independently controlled but the same total transmission powers in TTI are shared. So it is better to have both type 1 and 2 reported simultaneously even if PUCCH is absent in the current TTI.

	MediaTek
	Alternative 2

If simultaneous PUCCH/PUSCH is not configured for the UE, there is no need to report Type2, Type1 for PCell is enough.

If simultaneous PUCCH/PUSCH is configured for the UE, what’s important is the MPR of the simultaneous PUCCH/PUSCH transmission. Virtual PHR does not carry such information. Moreover, the configuration of simultaneous PUCCH/PUSCH transmission is semi-persistence, for normal operation, Type1 and Type2 PHR would be reported together for most cases. Virtual PHR would be a corner case which may even require eNB to have a separate handling.

On the simplification of the PHR format, this argument is valid only if Alt.2 of 2.1 is also agreed. So we should not consider it for this section alone.

	
	

	
	

	
	


Prohibit PHR Timer

In Rel-8/9, when the prohibitPHR-Timer expires and the change in measured DL pathloss since the last PHR was transmitted exceeds the dl-PathlossChange threshold, the UE will trigger a PHR. For Rel-10, RAN2 has agree to have one prohibitPHR-Timer value and one dl-PathlossChange value configured per UE. It has however not been agreed if there should be one prohibitPHR-Timer running per UE or if it each CC should have its own timer. 
For each of the two timer alternatives companies are aslo asked to consider how PHR should be triggered upon timer expiry. 
Alternative 1: There shall be one prohibitPHR-Timer per UE.

1A: When the timer expires and at least one configured/(activated)/scheduled CC has exceeded dl-PathlossChange, PHR shall be reported for all configured/(activated)/scheduled CCs.


1B: When the timer expires, PHR shall be reported only for all configured/(activated)/scheduled CCs which have exceeded the dl-PathlossChange.
Alternative 2: There shall be one prohibitPHR-Timer per CC.

2A: When the timer expires for any CC, and this CC has exceeded dl-PathlossChange, PHR shall be reported for all configured/(activated)/scheduled CCs. (If PHR is reported for all configured CCs, this would give the same behaviour as in 1A) 

2B: When the prohibitPHR-Timer expires for a specific CC and this CC has exceeded the dl-PathlossChange, PHR shall be reported for this CC. 
	Company name
	Preferred solution/Motivation/Reasoning

	HTC
	It depends on the PHR reporting method. If the all triggered PHRs are reported at the same time, then per UE prohibit timer is needed. Otherwise per CC prohibit timer is needed. Since it is benefit for eNB to receive the PHRs at the same time, we prefer per UE prohibit timer for Alternative 1A.

	ZTE
	In Rel10 the PL change of UL CCs will not differ too much and we already agree on per UE periodic PHR timer, that means most likely PHRs of CCs are triggered almost the same time. So introduce a per CC prohibit timer doesn’t make too much difference. If per UE PHR/MPR is reported the independent trigger of PHR due to PL change is sufficient. So we prefer 1B..

	Ericsson/ST-Ericsson
	Alternative 1A. Since we think that all configured CCs should report PHR in the same TTI we see no need for having a per-CC prohibitPHR-Timer.



	Panasonic
	We think that PHRs for all configured(activated) CCs should be always reported together. Therefore one prohibitPHR-Timer per UE is sufficient. Hence we prefer alternative 1A.

	InterDigital
	Alternative 1A

Given the assumption that Alt 2A or 2B of question 2.1 is chosen (Alt 2B being our preference), there is no reason for separate per-CC prohibit timers, as PH for all configured/(activated)/scheduled CCs are reported simultaneously, thus Alt 1 is preferable over Alt 2. Additionally, Alt 1a provides more information than does Alt 1b, in that the per-CC PHRs are more meaningful in the presence of each other.

	Pantech
	Alt1-1A is preferred. On CA configuration, each Cell (Pcell or Scell) can have different pathloss reference, and thus different triggering point. Our company interprets that Alt2 minutely triggers PHR per each CC according to each CC’s pathloss change, and Alt1 roughly according to one reference pathloss change. Suppose that a period of triggering point of a Cell is short and UE prohibitPHR-Timer is long. On this case, a possible triggering point of the Cell in Alt2 will be possible to be blocked by UE prohibitPHR-Timer in Alt1. Alt2 is precise but complex, and, on the other hand, Alt1 simple but a little inaccurate. However, if option A is added [When the timer expires and at least one configured/(activated)/scheduled CC has exceeded dl-PathlossChange, PHR shall be reported for all configured/(activated)/scheduled CCs.], inaccuracy of Alt1 can be likely to be compensated. And in this time that “Only one prohibitPHR-Timer value is configured.” is agreed, we concerned about Alt2’s accuracy rather than Alt1. We think that prohibitPHR-Timer value is needed to make Alt2 more accurate and then that is too burdensome for operation.

	Huawei
	Alternative 2(A) If PHRs are only reported for scheduled CCs, it is better to run the prohibitPHR-Timer per CC for avoiding too much PHR delay, which is caused by no scheduling on that CC when PHR reporting.

	Samsung
	Alternative 1A (but with some restriction on the CC that triggers PHR)
If type 1 PHs for all configured (or activated) CCs are reported together, the general consequence for prohibit-timer design would be alternative 1A.
Even though it is a bit different issue, Samsung believes that there is no value to evaluate pathloss of all CCs and that the pathloss change of a preconfigured CC (e.g. PCC) should trigger type 1 PH.
Since the point discussed here is about whose CC’s PH should be reported (not about which CC should trigger the PH), we are OK to go for alternative 1A, but would revisit the issue on which CC’s pathloss should trigger the PH in the coming meeting.

	CATT
	Alternative 2B
We think it is sufficient to only report PHR of scheduled UL CC, so we think one prohibitPHR-Timer per CC could guarantee eNB learning the accurate pathloss information on each CC in time when eNB want to schedule it.

	Alcatel-Lucent
	Alternative 1A: given our preference for reporting PHR for all configured CCs in a TTI, we see no reason for per-CC prohibit timer.

	LGE
	Alternative 1A
Since we believe that all PHR for configured (and activated) CCs should be always reported together, our preference is alternative 1A.

	Nokia & NSN
	Alternative 1A, all scheduled CCs
As illustrated in our contribution R2-104393 from last meeting, we see 1A as simplest and most efficient. The difference between 1A and 1B is that the PHR for the CCs with PL not exceed threshold yet would be delayed until next prohibit Timer expiry with 1B, as the path loss change could be different but quite similar, it is likely PL of the other CCs might be triggered several TTIs later.

	Qualcomm 
	We prefer alternative 2A since it is consistent with our preference on reporting PHRs only for the scheduled CCs.

	RIM
	Alternative 1A, since as indicated in our response to Section 2.1, the PHRs of all configured/activated UL CCs should be reported together.

	Hitachi
	Alternative 1A

We think that PHRs for all configured (or activated) CCs should be reported in the same TTI. Therefore, one prohibitPHR-Timer per UE is sufficient.

	ITRI
	Alternative 1A
Although the pathloss of each CC may be different, the pathloss change of each CC may be similar for a UE.  That is if one CC experiences dramatic pathloss change, the other CCs would experience the similar pathloss change.  In addition, even if there is one prohibitPHR-Timer per CC, once a PHR reporting is reported, all prohibitPHR-Timer timers would restart at the same time.  As a result, all prohibitPHR-Timer timers perform like one timer, i.e., all prohibitPHR-Timer timers start and expire at the same time due to all prohibitPHR-Timer timers with the same value. Therefore, we think that one prohibitPHR-timer timer per UE is sufficient based on reporting all configured CCs.

	Fujitsu
	Alternative 1A

Since PHR of all configured and activated UL CCs should be reported together, it is not necessary to have a prohibitedPHR-Timer per CC.

	NTT DOCOMO
	Alternative 1A

When the dl-PathlossChange criteria is satisfied for any one P/SCell, it is likely that PL of the other P/SCells would also have changed to quite some extent. In this sense, when the dl-PathlossChange criteria is satisfied for any one P/SCell, it would be better to trigger PHR for all configured (activated) P/SCells. It is also our preference to report PHR for all configured (FFS for deactivated) P/SCells together as stated in section 2.1. As our preference is to have PHR for all P/SCells triggered/reported at the same time, there is no meaning in maintaining prohibitPHR-Timer per P/SCell.

	MediaTek
	Alternative 1A (When the timer expires and at least one scheduled CC has exceeded dl-PathlossChange, PHR shall be reported for all scheduled CCs.)

We do not see a big difference between these alternatives, 1A is preferred for simplicity and sufficiency.

	
	

	
	


3 Summary and Conclusions

[To be updated by the rapporteur at the end of the e-mail discussion]
How to report PHR

Many companies participated in the e-mail discussion and provided their view and technical arguments. The main question up for discussion was whether PHR shall be reported for all configured (activated FFS) CC or only for the scheduled CCs. 
A majority of companies would like to keep the current agreement of reporting PHR for all configured CCs. Below is a summary of the arguments provided by companies. 
Companies preferring PHR to be reported for all configured CCs mentioned some of the following benefits and concerns:

· Reporting PHR for all configured CCs allows the eNB to make anticipated scheduling decisions also for CCs not scheduled in the TTI when PHR was reported.

· If the eNB does not know the pathloss and TPC status of a non-scheduled CC it will not be able to estimate whether a future scheduling grant including this CC would make the UE power limited.
· The assumption is that eNB will only configure CCs if it intends to use them and then PHR for all configured CCs would be useful.
· Reporting PHR for all configured CCs seems to have a less complicated handling of timers.
· The concerns of unknown MPR values in the eNB would not be solved by reporting PHR only for scheduled CCs.
· Some companies would like PHR to be reported only for configured and activated CCs (pending decision of UL activation/deactivation discussion) .
Companies preferring PHR to be reported only for scheduled CCs mentioned some of the following benefits and concerns:

· The benefit of "virtual PHR" is not significant
· The PHR reported for scheduled CCs gives the eNB sufficient information about PHR.

· The total estimation error of (A-)MPR would be less than if PHR is reported for all configured CCs.
· The eNB could interpret a "virtual PHR" as a "real PHR" which would cause estimation errors.
· If the eNB activates/deactivates CCs, the allocation and MPR will be impacted and the PHR reported for non-scheduled CCs may then not be so useful to the eNB.
Regarding whether additional information such as per UE PHR/MPR reporting is needed companies expressed some of the following opinions: 
· Some companies think that a per-UE PHR can help the eNB estimate the per UE PH information.
· Some companies thinks that a per UE report would not give much additional information and that the eNB could make an assumption of the UE's PHR using the knowledge of the per CC PHRs and (A-)MPR defined in RAN4 specs.
· Several companies would prefer to wait for RAN1/RAN4 input on this matter.
· If eNB always assumes the maximum MPR values defined by RAN4, UEs with good implementation might suffer.
· One company suggests that reporting Pcmax, c together with per CC PHR would be beneficial as it would help eNB with the PL and PH estimations.
Reporting of Type 2 PHR

· There is a consensus among a majority of companies that Type 2 PHR should always be reported when Type 1 PHR is reported for the PCC (assuming parallel PUSCH/PUCCH transmission is configured). The reference format defined by RAN1 would be used when there is no PUCCH transmission in the specific TTI.

· Companies also think that always transmitting Type 1 and 2 PHR for the PCC in the same TTI could simplify the PHR MAC CE.
· One company suggested that if there is no PUSCH transmission on the PCC, Type 2 PHR could anyway be reported with the PUSCH output power assume to be zero.
prohibitPHR-Timer
· A strong majority of companies prefer the solution of having the prohibitPHR-Timer running per UE.
· Furthermore a majority prefers that upon expiry of the prohibitPHR-Timer, if at least one configured/(activated)/scheduled CC has exceeded the dl-PathlossChange threshold, PHR should be reported for all configured/(activated)/scheduled
· Since many companies seem to base their preference of the per UE/CC timer on their reply to whether they prefer PHR to be reported for all configured or all scheduled CCs, it is advised to make a decision on that issue first.

· One company suggested that maybe the pathloss change could be evaluated only for one specific CC.
Suggested way Forward

Since a majority prefers reporting PHR for all configured CCs it seems reasonable to keep the current RAN2 agreement on this matter. Hence we suggest that RAN2 takes the following proposals into account:
Proposal 1: PHR is reported for all configured CCs (FFS is this is further restricted by UL CC activation)
Regarding the need for additional information in addition to the per CC PHR, RAN2 did send an LS asking for RAN1 & 4 input. In order to avoid the same discussion in multiple meeting groups it would seem advisable to wait for their input in this matter:
Proposal 2: Since RAN2 sent an LS to RAN1 asking for their input, RAN2 should wait for their decision on whether any further information is needed in addition to the PHR should be provided in order to avoid the same discussion in multiple meeting groups.
Since there was a consensus among participating companies regarding the Type 2 PHR reporting, we suggest that RAN2 takes the following proposal into account:
Proposal 3: Always report Type 2 PHR when Type 1 PHR is reported for the PCC. Use the PUCCH reference format defined by RAN1.
Regarding the prohibitPHR-Timer, many companies seem to have based their preferred solution on their preferred solution for how PHR should be reported. Hence it would make sense to first take a decision about how PHR should be reported and then take the decision about the prohibitPHR-Timer.
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