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1 Introduction
After the RAN1#61bis meeting, in order to achieve higher spectral efficiency, it was agreed that UL power control in LTE-Advanced should support component-carrier(CC)-specific and conventional UE-specific mode when carrier aggregation is adopted, while it is also FFS whether individual or combined PUCCH/PUSCH PH should be reported for an uplink CC in case of concurrent PUSCH/PUCCH transmission. In addition, as an extension of 3GPP Rel-8 single-antenna/layer transmission, multi-layer/codeword uplink SU-MIMO transmission is supported in 3GPP Rel-10, which may change some aspects of Power Headroom Reporting (PHR). 
This contribution discusses the possible impact of UL SU-MIMO on PHR mapping.

2 Discussion
RAN1#61 agreed that for each UL CC, the PHR would account for the maximum power reduction (MPR) and include the following two PHR types [1]:

· Type 1 power headroom computed as: Pcmax,c minus PUSCH power

· Type 2 power headroom computed as: Pcmax,c minus PUCCH power minus PUSCH power
Similarly, for each UL antenna, the PHR can also include two types.  The PH on antenna i can be expressed as follows,

Type 1 
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where 
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 represent the expected TX power of PUSCH on antenna i and PUCCH on antenna i, respectively. As UE maximum TX power is allocated to different antennas with a specific proportion, the 
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where 
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 is the power weight factor. If UE has N antennas for data transmitting, the following formula shall be satisfied,
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In [2], the PHR mapping is defined by the means of the parameter POWER_HEADROOM which has the range from POWER_HEADROOM_0 (-23 ( PH ( -22) to POWER_HEADROOM_63 (PH ≥ 40). In the case of Rel-10 UL SU-MIMO, the UE maximum TX power (23dBm) is the same as the Rel-8/9. However, the per-antenna UE maximum TX power cannot be bigger than 23dBm obviously. Thus, the lower limit of type1 PH mapping may need to be re-designed for antenna-specific PHR. In addition, for formula (2), the expected TX power of both PUCCH and PUSCH is bigger than the expected TX power of only PUSCH, and therefore the type2 PH shall be smaller than type1 PH. According to the analysis above, the lower limit of type2 PHR mapping also needs to be re-designed, while the upper limit of type1/2 PHR mapping needs not to be changed.
Proposal: For Type 1/2 PHR mapping under UL SU-MIMO, the upper limit (PH ≥ 40) may be applicable, while the lower limit (-23 ( PH ( -22) may need to be re-designed. 
3 Conclusion
This contribution provides a discussion of the impact of UL SU-MIMO on PHR mapping as follows,
 Proposal: For Type 1/2 PHR mapping under UL SU-MIMO, the upper limit (PH ≥ 40) may be applicable, while the lower limit (-23 ( PH ( -22) may need to be re-designed. 
4 References
[1] R1-103405, “LS on power headroom reporting for carrier aggregation”, Qualcomm
[2] 3GPP TS 36.133-940, “Requirements for support of radio resource management (Release 9)”








































































































































































































































































































































 1/2

_1342855802.unknown

_1342856034.unknown

_1342856108.unknown

_1342856268.unknown

_1342856020.unknown

_1342855718.unknown

_1342855790.unknown

_1342855657.unknown

