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1. Introduction

The details of UL Power Control have been discussed in several contributions [1][2].  Previous UL PC discussions, focused on how to support multiple Carrier Components and Multiple Antenna Port transmission.  However, RAN1 concluded that “Single Antenna Port Mode” will be supported in LTE-Advanced as a default uplink transmission mode in RAN1#58[3]:
Conclusion:

· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective
· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 
· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration

This contribution discusses how “Single Antenna Port Mode” will effect to the UL Power Control.  Based on the points raised in herein we propose that RAN1 should specify power control algorithms for the control total transmission power of UE antennas for each carrier component as UL power control for LTE-Advanced.

2. Two Alternatives for Multiple Antenna UE UL Power Control
Separate Power Control for each carrier component seems to be a common understanding of RAN1[4], although certain details are FFS.  If we assume that separate power control for each CCs, there might be two alternatives of the UL power control behaviors for multiple antenna UEs, subject to regulatory constraints:
· Total transmission power to UE antenna ports in each CC
· Same PC parameters for each antennas/antenna ports
· Each UE antenna port’s transmission power in each CC
· Different PC parameters for each antennas/antenna ports
Sharp’s views on these alternatives are as follows:
Control Total transmission power of UE antenna ports in each CC
If we control total transmission power and use the same power control parameters for each antennas, the power control procedure between “single antenna port mode” and “multiple antenna port mode” will be the same and will be similar to Release 8 uplink power control procedure.  However, we may have to define how to reallocate the transmission power to each antenna in addition to total transmission power control procedure. 
Control Each UE antenna port’s transmission power in each CC
Alternative can be using different power control parameters, e.g. DL path-loss estimates,  for each antennas as proposed in [1]

If we control each antenna’s transmission power separately, the power control procedure between “single antenna port mode” and “multiple antenna port mode” will not be the same.

We may have to consider relatively rapid transmission power change between “single antenna port mode” and “multiple antenna port mode”

Moreover, RAN4 decided that maximum uplink transmission power will be limited by total transmission power from all antennas [5] so that it is straightforward to control total transmission power, otherwise power control procedure might be more complicated than Release 8 uplink power control procedure.
It is preferable to keep uplink power control procedure to be similar to Release 8 uplink power control procedure as much as possible.
Conclusion: Sharp prefers control of  “total transmission power” as UL power control instead of to control “each antenna port’s transmission power” (within regulatory constraints).
3. Details of Transmission Power Control
3.1. Total Transmission Power Control in each Carrier Component
The following applies to each CC.
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PUCCH
The power control iteration for the PUCCH may be expressed as:
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SRS

Likewise, the power control iteration for the SRS may be written as:
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· The remaining parameters are as defined for PUSCH transmission in UL CC 
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3.2.  Transmission Power Per Antenna
PUSCH
Single Antenna Port Mode

It may be a UE implementation issue as to how to allocate transmission power to each antenna since transmission power allocation will depend on PA architecture. For example, upon transition to single antenna port mode a UE may reallocate all transmission power to one antenna port in 2x23dBm PA architecture case in Figure 1(a). On the other hand, upon transition to single antenna port mode a UE may reallocate the half of total transmission power to each antenna port in 2x20dBm PA architecture case in Figure 1(b).
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          (a) 2x23dBm PA architecture



(b) 2x20dBm PA architecture

Figure 1: Examples of PA architectures

Of course, regulatory constraints and design constraints governing the design of power control from R8 should be taken into account for how the PHY conducts power control in this case.
Multiple Antenna Port Mode

Power control settings will likely depend on transmission mode.  For example, in SU-MIMO mode, it may depend on Precoding Matrix.  One example is that half or quarter power will be allocated for each antenna in 2TX or 4TX SU-MIMO mode respectively when constant modulus precoding is applied and all or half power will be allocated for some antenna in 2TX or 4TX SU-MIMO mode respectively when antenna turn off vector is applied in Rank-1 transmission[9][10].  The allocation of transmission power for each codeword may be configured via higher layer signaling. However, the details are FFS and they are out of UL Power control topic.

In transmission diversity mode, the same power may be allocated to each antenna.

PUCCH

Single Antenna Port Mode

It may be a UE implementation issue as to how to allocate transmission power to each antenna since transmission power allocation will depend on PA architecture. Power allocation to antennas upon antenna mode transition might be the same as in the  PUSCH case. Of course, regulatory constraints and design constraints governing the design of power control from R8 should be taken into account for how the PHY Layer conducts power control in this case.

Multiple Antenna Port Mode

The same power may be allocated to each antenna port.  For example, in PUCCH transmission diversity mode, the same power may be allocated to each antenna port.
SRS

Single Antenna Port Mode

It may be UE implementation issue how to allocate transmission power to each antenna upon antenna port mode transition since transmission power allocation will depend on PA architecture. Power reallocation to each antenna might be the same as PUSCH case. Of course, regulatory constraints and design constraints governing the design of power control from R8 should be taken into account for how the PHY Layer conducts power control in this case.

Multiple Antenna Port Mode
The same power may be allocated to each antenna port.

For example, if multiple sequences will be sent at the same SC-FDMA symbol, the same power may be allocated to each antenna.

4. Conclusion

In this contribution, we discussed how “Antenna Port Mode”, e.g. “Single Antenna Port Mode” or “Multiple Antenna Port Mode”, will effect to the UL Power Control.

It is preferable to keep uplink power control procedure both for “single antenna port mode” and “multiple antenna port mode” to be similar to Release 8 uplink power control procedure as much as possible. 

Therefore, we propose that RAN1 should specify power control algorithms for the control total transmission power of UE antennas for each carrier component as UL power control for LTE-Advanced.
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