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1 Introduction
Power headroom report (PHR) for Rel. 10, especially issues related to carrier aggregation, is currently discussed across multiple working groups. In the previous meeting, RAN1 decided that Pcmax,c will be reported together with a per CC PHR [1]. However, the definition of Pcmax,c is still not clear.

In previous contributions [2],[3] we discussed several aspects of the PHR and also touched upon coexistence and simultaneous transmissions on other RATs. In this contribution we further elaborate on this issues and how they relate to the definition of Pcmax,c.
2 Discussion
2.1 
Interpretation of Pcmax,c

Assume PHR is reported for two carriers, CC1 and CC2.  Assume two different scenarios: 

a) CC1 and CC2 are transmitted through one PA, which is the typical intraband CA scenario 

b) CC1 and CC2 are transmitted through two different PAs, which is the typical interband CA scenario 

In both cases, Pcmax,c should be the maximum Tx power the UE could support assuming that the total power limitation (e.g. Pmax=23dBm) was not taken into account while MPR and A-MPR was taken into account. 

There needs to be a clear definition of what exact assumption the UE should make on CC2 when it reports Pcmax,c for CC1, and reciprocally, what assumption the UE should make on CC1 when it reports Pcmax,c for CC2. 

There are two possible straightforward interpretations: 

1) Pcmax,c for CC1 is the maximum possible power on CC1 if the current assignment (e.g. RB allocation, modulation order) was kept on both CC1 and CC2  and the power on CC1 was increased from the current power to the maximum power while also increasing the power on CC2 compared to the current transmission by the same amount (in dB). 

2) Pcmax,c for CC1 is the maximum possible power on CC1 if the current assignment (e.g. RB allocation, modulation order) was kept on both CC1 and CC2  and the power on CC1 was increased from the current power to the maximum power while keeping the power on CC2 the same as in the current transmission; without considering the total power cap (e.g. Pmax=23dBm). 

For PA configuration a)   (i.e. single PA), interpretation 1) and 2) give different results. That is because when both CC1 and CC2 signal goes through the PA, the relative power of the carriers makes a significant difference in the required MPR/A-MPR. Therefore, for PA configuration a) it should be defined which interpretation the UE uses in determining its Pcmax,c report. 

For PA configuration b)   (i.e. two PAs), interpretation 1) and 2) give similar results. That is because when CC1 and CC2 signals go through different PAs, the power change on one of the carriers doesn’t make a difference in the required MPR/A-MPR on the other carrier. 

2.2 
Inconsistencies with a single common Pcmax,c interpretation

There is no simple way to decide whether interpretation 1) or interpretation 2) is more beneficial.  

In general, interpretation 1) is more consistent with configuration a),  since Pcmax,c  is defined as including MPR/A-MPR and the definition of MPR/A-MPR for configuration a) assumes equal power increase on the two carriers. 

In general, interpretation 2) is more consistent with configuration b), since interpretation 1 can lead to inconsistent results as given in the following example:  

Assume interpretation 1) with configuration b). Assume also

PPUSCH, CC1=20dBm and PPUSCH, CC2=10dBm  and MPR=0dB, A-MPR=0dB.  According to interpretation 1), when determining PCMAX, CC2, we should assume equal amount of power increase in CC1. Since we assumed MPR=0dB, A-MPR=0dB the power in CC2 could be increased by approximately 13dB but then the power on CC1 would be 20dBm+13dB=33dBm, which is not allowed. Therefore PCMAX, CC2 should be set to less than 13dB but that is inconsistent with the assumption that total power cap should not be considered in determining PCMAX, CC2.

2.3 
Proposed handling of Pcmax,c interpretations

In order to convey the most useful information to the eNB by the PHR, we propose the following. 

Proposal 1:

For PA configuration a) use interpretation 1).  In other words, if a single PA is used for CC1 and CC2 then Pcmax,c for CC1 is the maximum possible power on CC1 plus the maximum power on CC2, if the current assignment (e.g. RB allocation, modulation order) was kept on both CC1 and CC2 and the power on CC1 and CC2 was increased from the current power by the same amount (in dB).
For PA configuration b) use interpretation 2).  In other words, if separate PAs are used for CC1 and CC2 then Pcmax,c for CC1 is the maximum possible power on CC1 if the current assignment (e.g. RB allocation, modulation order) was kept on both CC1 and CC2  and the power on CC1 was increased from the current power to the maximum power while keeping the power on CC2 the same as in the current transmission; without considering the total power cap (e.g. Pmax=23dBm). 

In order to allow the correct interpretation of the PHR by the eNB, it should be indicated which case under proposal 1 is being used.  Note that when the number of CCs is more than 2, it is possible to have a mixture of cases (for example, one PA is used for CC1 and CC2 and another PA is used for CC3).  In this case, it should be indicated which CCs are in the same group, i.e. which CCs are transmitted with the same PA.  

It should be noted that the extra information regarding the CC grouping with respect to common PAs should not increase signaling overhead, since for all CCs transmitted with the same PA, a single Pcmax,c field can be used, so the codepoints of the unused Pcmax,c fields can be used to convey the CC grouping information. 

Proposal 2: 

Indicate in the PHR the case (under proposal 1) for which the report is sent.  Use encoding in the signaling definition so that the total number of bits used for the report is not increased or reduced.  

Finally, if RAN1 chooses a different solution then it should be clearly defined what interpretation the UE should be using for determining Pcmax,c and how the inconsistencies mentioned in 2.2 should be resolved. 

2.4 
Handling of simultaneous multi-RAT transmissions
In LTE, when the UE needs to simultaneously transmit on LTE and another radio air technology, the UE may need to apply power backoff on LTE transmissions to ensure SAR requirements are met (required to be met 100% of the time). For example, when a 1x voice call is active on an SV-LTE UE, the UE may need to apply some power backoff (e.g., 5dB) to LTE transmissions. Since the current LTE PHR reporting mechanism does not take into account such backoff, the UE will effectively report overestimated power headroom. Unaware of the reduced power headroom in the UE, the eNB may assign an UL grant that the UE cannot support, which will increase the expected number of HARQ retransmissions and the average delay of the packets. In the other case, when the 1x voice call has ended, the eNB again is not aware of the increased power headroom. The result is the UL grants will be too conservative and thus air interface capacity cannot be fully utilized.

Since the transmission on the other RAT may vary dynamically, similar to pathloss, it may be difficult for the eNB to track the constantly changing power headroom that is not accounted for in the PHR.

Another similar example is a tablet device that has a proximity sensor, which applies backoff to LTE transmission whenever the device is getting too close to a human body. Similarly, this reduced power headroom is not reported to the eNB.
Further details on the SAR Backoffs needed can be found in the Annex and the attached document. As the SAR depends on several aspects (form factor, distance to human body) the backoffs values can be very different between devices.
We discuss some solutions to address the above issues. 

One solution is to include any backoff the UE applies that the eNB is not aware of in the PHR. Since the latest decision in RAN1 is the UE will include the Pcmax,c in the PHR, Pcmax,c should also take into account this kind of SAR-related backoff.

Proposal 3: Pcmax,c takes into account SAR related backoff.

Pcmax,c is a function of max(PR, B), where PR (<= MPR) is the regular backoff applied by the UE and B is the backoff the UE applies to meet SAR requirements (e.g., proximity detector that triggered power backoff). In this way, the Pcmax,c reflects the genuine power headroom of the UE. 

The UE includes the SAR backoff in the headroom value in addition to Pcmax,c. 
Since the causes for reducing Pcmax,c discussed above would be present in both single carrier and multi-carrier cases, we propose that the already agreed amendments to the PHR (e.g. including Pcmax,c) should be also applied to the case of no UL carrier aggregation.  In addition, the changes proposed in this contribution (if adopted) should be also applied to the case of no UL carrier aggregation. 

3 Conclusion
In this contribution, we have presented our views on the remaining details of the PHR definitions. Our proposals can be summarized as follows: 

Proposal 1:

For PA configuration a) use interpretation 1).  In other words, if a single PA is used for CC1 and CC2 then Pcmax,c for CC1 is the maximum possible power on CC1 plus the maximum power on CC2, if the current assignment (e.g. RB allocation, modulation order) was kept on both CC1 and CC2 and the power on CC1 and CC2 was increased from the current power by the same amount (in dB).
For PA configuration b) use interpretation 2).  In other words, if separate PAs are used for CC1 and CC2 then Pcmax,c for CC1 is the maximum possible power on CC1 if the current assignment (e.g. RB allocation, modulation order) was kept on both CC1 and CC2  and the power on CC1 was increased from the current power to the maximum power while keeping the power on CC2 the same as in the current transmission; without considering the total power cap (e.g. Pmax=23dBm). 

Proposal 2: 

Indicate in the PHR the case (under proposal 1) for which the report is sent.  Use encoding in the signaling definition so that the total number of bits used for the report is not increased or reduced.  

Proposal 3: 

Pcmax,c takes into account SAR backoff. The UE includes the SAR backoff in the headroom value in addition to Pcmax,c. 
4 References
[1] R4-104041, “LS response on per-UE PHR”, RAN1

[2] R4-103778, “PHR for Rel. 10”, Qualcomm
[3] R4-103054, “PA Headroom Report for Rel. 10”, Qualcomm
Annex A
Table A.1 shows the results of a SAR backoff study. The devices analyzed are mobile devices capable of transmitting on two RATs but not simultaneously. The analysis is based on publicly available data from FCC. The SAR data for transmission on each RAT is combined under the assumption that the same antenna would be used for transmissions on both RATs in the case of simultaneous transmissions. (Note that these devices are not designed to handle simultaneous transmissions so actual the actual SAR backoff could be different). As can be seen, depending on the frequency band, the backoff needed to meet the SAR requirements could be higher than 6 dB.
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Table A.1 SAR Backoff Analysis
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