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1 Introduction

The following was agreed in RAN1#62bis [1] regarding the Rel.10 multi-antenna aspects of Uplink Power Control.
Agreements:
· No per antenna fast TPC commands - i.e. single TPC command

· Single path-loss estimation 

· In case of ks=0, power is divided between transmitting antennas in accordance with the ratio of the precoding weights (assuming no antenna gain imbalance compensation)

FFS (discuss offline during this week):

· Antenna gain imbalance compensation

· delta_TF for multiple layers / multiple codewords

· use of values of ks other than zero

After the above agreements, the WF [2] cosourced by 10 companies was presented and the RAN1#62bis decision was to continue discussion on AGI compensation and delta_TF for the multiple layers/multiple codewords case.

In this contribution, we focus on whether antenna gain imbalance compensation is needed for UE Tx Chain tolerances in Rel.10 ULPC, and we demonstrate that AGI Compensation is not needed for the case of an individual UE’s Tx antenna chain power differences.
2 Discussion on whether Antenna Gain Imbalance compensation is needed for UE Tx chain tolerances

In section 2.1 we summarize the Actual Transmission Power calibration procedure (i.e. Factory calibration procedure) currently used by some UE manufacturers for the single Tx antenna chain case. In section 2.2 we compare the procedure from section 2.1 for the multiple Tx antenna case, and we demonstrate that by utilizing the same procedure as for the 1Tx case, AGI compensation is not needed for the case of multi-Tx chains.

2.1 Tx error in 1Tx chain
In this section we summarize the Actual Transmission Power calibration procedure (i.e. Factory calibration procedure) currently performed by UE manufacturers for the single Tx antenna chain case.

As shown in Figure 1, UE manufacturers calibrate each terminal’s actual transmission power before shipment. The procedure is as follows - 

Several calibration points are chosen and a calibration table based on a curve as in Figure 2 is prepared for each terminal, Using this calibration table the actual transmission power is calibrated. Using this calibration procedure, we can set each UE’s actual transmission power very accurately. 
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Figure 1: Block diagram of a typical factory calibration
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Figure 2: Per manufactured UE Setpointpower level vs Measured power (Actual transmission power) (1TX chain)

The TX error described in [3] is derived from the inaccuracy of the table below.

Table 1  Pcmax tolerance [4]
	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


As shown in Table 1, a larger tolerance is allowed in low power region (e.g. less than 8 dBm).However, this is because we picked up less calibration points from the low power region. Therefore, if we pick more calibration points from low power region, such a large tolerance may not be needed.

2.2 Tx error between 2Tx chains
Figure 3 shows a simplified block diagram of the transmit chain that will be typical for multiple antenna transmission for Release 10. 
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Figure 3: TX chains for multi-antenna transmission

UE manufactures use the same devices for each TX chain. Therefore, we can expect that Tx error on each Tx chain will have a similar tendency, typically. That means we can expect that Tx error between 2Tx chains is small.

Moreover,   since the calibration table like Figure 2 will be prepared for each terminal and each transmit chain, we can ensure that the actual transmission power difference between 2 Tx chains will be quite small.

Moreover, obviously, 2Tx chains will be implemented in the same terminal. So we do not expect totally different temperature for these 2Tx chains.

Therefore, Sharp has the following observation.

Observation:
· 
Antenna gain imbalance between 2TX chains can be caused by the calibration error described above. 

· The calibration error between 2 TX chains can be set quite small, thus we can neglect the performance degradation caused by PC error between 2 Tx chains.
· Hence, AGI Compensation for UE Tx power calibration errors is not necessary, and an Antenna gain imbalance compensation mechanism should not be specified in RAN1 specifications.
3 Conclusions

From the above discussions, Sharp concludes as below.

Antenna gain imbalance compensation:

Observation:
· Antenna gain imbalance between 2TX chains can be caused by the calibration error.

· The calibration error between 2 TX chains can be set quite small, thus we can neglect the performance degradation caused by PC error between 2 Tx chains.

Proposal:

· Antenna gain imbalance compensation mechanism should not be specified in RAN1 specification.
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