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1 Introduction
Power headroom report (PHR) and Pcmax,c issues have been discussed extensively in the last year in RAN4. The agreements have been captured in the specification and the Pcmax,c definition can be now found in [1]. In [2] we further elaborated on this topic and presented a proposal on the assumptions for Pcmax,c calculation. In this contribution we further elaborarte on the discussion from [2] and reiterate our previous proposal.
2 Discussion
In past meetings it was agreed that the power headroom report for Rel.10 will include Pcmax,c in order to help the eNB scheduler make better scheduling decisions. Also, the definition of Pcmax,c was agreed by RAN4 and was captured in the specifications [1]. For convinience, we also listed the defintion from the current version of the specs in the Annex below. It should be noted that the Pcmax,c defition is slightly different for the intra-band and inter-band cases, the main difference being how MPR and A-MPR is applied.

As it was already pointed out in [3], we believe that the current defintion has some ambiguities in relation to the power headroom report and some clarifications would be desirable to make the information in the PHR more useful to the eNB. In the current specifications there is no requirement on the assumption for how the power increase should be considered when computing Pcmax,c. This could be problematic especially for the intra-band CA case. To understand the problem better, please consider the following example.

Assume PHR is reported for two carriers, CC1 and CC2 and  CC1 and CC2 are transmitted through one PA, which is the typical intraband CA scenario. 

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 a single PA configuration, 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 could make a significant difference in the required MPR/A-MPR. Therefore, for a single PA configuration, it should be defined which interpretation the UE uses in determining its Pcmax,c report. 
To better understand the problem please consider the following 2 intra-band carrier aggregation example. Current CC1 transmit power is 18dBm and CC2 transmit power is 18dBm. With interpretation 1 the power on CC1 could be increased by 5dB to 23dBm and the power on CC2 would also be increased by 5dB to 23dBm. If in this case the MPR+A-MPR is 2dB then Pcmax,1 would be 21dBm. With interpretation 2 the power on CC1 could be increased by 5 dB up to 23dBm and the power on CC2 would be kept to 18dBm. If in this case the MPR+A-MPR is 1dB then Pcmax,1 would be 22dBm. As can be seen here, there is a discrepancy in the value of Pcmax,1 depending on the interpretation. 

It should further be noted that even if the sum of the powers used for the Pcmax,c computation in the above examples(21dBm and 21dBm) exceeds the maximum allowed total transmit power(Ppowerclass), the mechanism for power control and channel power allocation/prioritazation in [4] will ensure that Ppowerclass is not violated. 

MPR and A-MPR definitions are most likely to be based only on allocation and not on relative power. However, they are the maximum allowed values and it is expected that the actual power reductions needed would be different depending on the relative powers of the 2 carriers. Furthermore, a mechanism that would encourage the UE to use the actual power reduction needed and not the maximum allowed is highly desirable to maximize the system performance. This mechanism would be provided by claryfing in the specifications which assumption should be used.
We believe it would be best to consider interpretation 1 for intra-band CA and this should be captured in the specifications.

For the case when different CCs go through different PAs(inter-band CA), interpretation 2 would be most natural to use since the A-MPRs on 1 CC do not depend on the transmit power of the other CCs 

Proposal: Capture in the specifications that for computing Pcmax,c for intra-band CA interpretation 1 above is used and for inter-band CA interpretation 2 above is used.
We also want to point out that this proposal does not bring any change to the current specification, the Pcmax,c  and Pcmax equations or the way power allocation/prioritzation works. It just clarifies the assumptions used when Pcmax,c is computed and would be very helpful for the eNB scheduler.
3 Conclusion
In this contribution, we presented some problems with the power headroom report and the assumptions used for computing Pcmax,c. For intra-band CA, it is not clear what are the assumptions on how the power is increased when Pcmax,c is computed. To resolve this ambiguity in the specifications, our proposal is presented below.
Proposal: Capture in the specifications that for computing Pcmax,c for intra-band CA interpretation 1 above is used and for inter-band CA interpretation 2 above is used.
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5 Annex

5.1.1 6.2.5A
Configured transmitted Power for CA

For carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
For intra-band contiguous carrier aggregation:

-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c }

For inter-band non-contiguous carrier aggregation:

-
-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c }

-
-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}

-
-
PEMAX, c is the value given by IE P-Max for serving cell c in [7].

-
-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1. 
-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3. 

For inter-band CA, MPR c and A-MPR c apply per serving cell c and are specified in Section 6.2.3 and Section 6.2.4, respectively. For intra-band contiguous CA, MPR c = MPR and A-MPR c = A-MPR with MPR and A-MPR specified in Section 6.2.3A and Section 6.2.4A respectively. 

-
P-MPR c accounts for power management for serving cell c. For intra-band CA, there is one power management term for the UE, P-MPR, and P-MPR c = P-MPR.

-
TC,c = 1.5 dB when Note 2 in Table 6.2.2-1 applies to the serving cell c. 

-
TC,c = 0 dB when Note 2 in Table 6.2.2-1 does not apply to the serving cell c.
For inter-band carrier aggregation with one UL serving cell the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H
where 

-
PCMAX_L   = PCMAX_L,c
-
PCMAX_H   = PCMAX_H,c
The measured maximum output power PUMAX shall be within the following bounds:
PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H)











































































































































3GPP


