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1. Introduction

In the email discussion after RAN1 #59bis meeting, the following with respect to power headroom reporting for carrier aggregation in LTE-A has been agreed:
PHR

· Per CC 

· PHR should include CC specific reports for PUCCH/ PUSCH

· FFS whether individual or combined PUCCH/PUSCH PHR

Regarding whether or not individual PHR for PUCCH/PUSCH, several contributions were proposed [1]~[9]. In this document, we share our views on power headroom reporting for carrier aggregation in LTE-A.
2. Discussion 

2.1. CC-specific PHR for PUSCH/PUCCH 
In RAN1 #60, it has been agreed that a single UE-specific UL CC is configured semi-statically for PUCCH transmission from a UE. That means simultaneous PUSCH/PUCCH transmission within a CC, if permitted, could only occur on that configured PUCCH CC for one UE. Accordingly on the other UL CCs for the UE, only PUSCH could be transmitted and CC-specific power headroom should be measured in the same way as in Rel-8: the CC-specific power headroom
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In case of simultaneous PUSCH/PUCCH transmission on the aforementioned UE-specific CC, the eNB should have knowledge of the PUCCH contribution to the current UE transmit power in order to schedule data on the PUSCH. Therefore the PUCCH should be considered by PHR. Hereinafter, we discuss the following three options proposed for PHR:
· option 1: combined PUCCH/PUSCH PHR
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· option 2: individual (PUCCH+PUSCH) PHR and PUSCH PHR
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· option 3: individual PUCCH/PUSCH PHR
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Currently, some companies consider a single combined PUCCH/PUSCH PHR is enough while the others think the eNB cannot exactly derive 
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 due to the independent TPC command errors for PUCCH and PUSCH , and then consequently, prefer two separate PHR. 
We also found that, aside from the TPC error, the CC-specific max power 
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may not be known by eNB precisely, which also impacts the derivation of 
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 from a single combined PHR (Option1) or two individual PUSCH/PUCCH (Option3), i.e. Pathloss estimation uncertainty due to CC specific Max power disparity between eNB side and UE side. In Rel-8, the UE is allowed to set its configured maximum output power 
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 within the bounds defined in TS 36.101: PCMAX_L  –  T(PCMAX_L)  ≤  PCMAX  ≤  PCMAX_H  +  T(PCMAX_H). If we apply the same principle to Rel-10 UE, Option 1 can not provide eNB accurate power headroom information for PUSCH only scheduling, while Option 3 can not provide eNB accurate power headroom information for simultaneous PUSCH and PUCCH scheduling. However, some may argue that the UE may not be allowed to set its CC-specific maximum output power in R10 and 
[image: image15.wmf])

(

CMAX

k

P

in equation (2), (3) and (4) are set by the network (obviously it is a RAN4 issue). 
Therefore, aside from the TPC errors, the problem of option1 and option 3 mainly boils down to whether CC specific max power is set by UE itself or not in R10, or whether the offset between the configured 
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 by UE itself and nominal CC-specific max power configured by network is negligible, both of which need RAN4’s confirmation.
Different to Option 1 and Option3, Option 2 is quite inline with the purpose of PHR and can be used by eNB directly for PUSCH scheduling without the need of knowledge of 
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or any TPC errors. That is to say: 
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 is used for PUSCH scheduling when simultaneous PUSCH/PUCCH transmission occurs while 
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 is used when PUSCH only transmission occurs. Furthermore, taking the likely 
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related factors into account, e.g. the MPR/A-MPR difference between simultaneous PUSCH/PUCCH transmission and PUSCH only transmission, more accurate values of CC-specific maximum output power can be applied to report power headroom to eNB for scheduling purpose in different transmission situation. That is 
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where, 
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is the actual value of the maximum output power set by the UE on subframe i, CC k with cocurent PUSCH+PUCCH transmission; 
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 is the nominal value set by the UE assuming that only PUSCH transmission is taken place.
Hence, for the sake of more accurate PHR for PUSCH scheduling, option 2 is favorable: the individual power headroom information for simultaneous PUSCH/PUCCH transmission as well as PUSCH only transmission are available for the eNB.
 By the way, we think there are some ambiguities for combined PHR calculation in equation (2). In Rel-8, 
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are all measured in dBm, and the power headroom value is measured in dB. So power headroom is actually a ratio of configured maximum output power 
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 in mW to the estimated PUSCH transmit power 
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Obviously equation (2) intends to compute the power difference assuming
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are all values in mW. If we apply the same power headroom definition in Rel-8 to Rel-10, i.e. power headroom represents a power ratio and is measured in dB, there could be two interpretations when log-transformation is performed:
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Despite either of forms is viable but we need unique definition, considering CC-specific power headroom information is only needed for PUSCH, equation (8) is more straightforward and in line with that purpose. It coincides with the power scaling rule that PUCCH power is prioritized and remaining power can be used by PUSCH.
2.2. UE-specific PHR
Also during the email discussion after RAN1 #59bis meeting, a CC-specific and a UE-specific max power were approved to be defined. 
As already pointed out by [8], CC-specific PHR cannot provide the eNB with the information on how close the UE is actually operating to its UE-specific max power. It should be noted that this problem may not exist for single-CC transmission if the following assumption holds
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So the discussion below focuses on multi-CC transmission case.To avoid this problem, so long as each CC-specific max power meets the requirement that
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, the total UE transmit power would not exceed the UE-specific max power, accordingly power scaling across CC is not needed. However, this restriction is not suitable and according to RAN4’s LS reply [13], the CC- specific max power should be the same regardless of the number of carriers supported, such that the link budget of a carrier aggregation capable UE type is not affected in the single carrier operation mode.
Given the independence of the UE-specific max power and the CC-specific max power, some mechanism is needed to enable eNB to get the information on how close the UE is actually operating to its UE-specific max power. 
One straightforward solution is to introduce a UE-specific PHR on top of CC-specific PHR if UE operating in multiple CC mode. The UE-specific power headroom
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where, 
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is the sum of the estimated power of each physical uplink channel on all scheduled UL CC, including PUSCH and PUCCH. 
However, in addition to the power headroom information for each scheduled CC are available to the eNB, if the offset between the CC-specific/UE-specific max power signaled by the network and the actually used CC-specific/UE specific max output power set by the UE itself can be negligible or roughly estimated by eNB, the eNB can be aware of how close the UE is actually to its UE-specific max power and then UE specific PHR can be avoided (It is up to RAN4’s input).
3. Conclusions

In this contribution, PHR issue for carrier aggregation in LTE-A has been discussed. 
Based on the discussion, the following suggestions are summarized:

· On the UL CC not configured for PUCCH transmission, CC-specific power headroom should be measured in the same way as in Rel-8;
· On the CC configured for PUCCH transmission, as a consequence of simultaneous PUCCH/PUSCH transmission, two separate PHRs from UE should be reported to eNB for PUSCH scheduling for the sake of accurate and straightforward power headroom information:
· The combined ( PUSCH+PUCCH ) PHR is intended for being used directly by eNB for PUSCH scheduling in presence of PUCCH transmission;
· The PUSCH only PHR is intended for being used directly by eNB for PUSCH scheduling in absence of PUCCH transmission;

· RAN4 input is needed to confirm whether UE specific PHR is needed on top of CC-specific PHRs, such that eNB can know how close the UE is actually operating to its UE specific max power based on CC-specific PHRs: 
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