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1
Introduction
In RANWG4 #51, an Ad-Hoc meeting on DC-HSUPA was held, a summary of which was captured in [1]. The topic of specifying requirements for the transmitter characteristics for a DC-HSUPA UE was mainly discussed in this meeting. A few working assumptions were agreed upon and some items were listed as FFS. In this document, we discuss further the open loop and inner loop power control requirement for DC-HSUPA.
2
Agreements from last meeting
Below we paste the relevant portion of the Ad-Hoc meeting minutes [1] with regard to open loop and inner loop power control:

Open Loop Power Control

· whether or not it would be necessary to derive specific open loop power control accuracy requirements for the secondary carrier ? 

· initial power setting and power control accuracy on the secondary carrier

· whether the accuracy requirement would be relative to the last transmission on the secondary carrier, or relative to the continuous transmission on the primary carrier

Points made during discussions:

· RAN5 test case based on RACH preamble power

· how essential is it to have requirement on the secondary carrier?
Agreed way forward:  

· come back to this in next meeting 

· FFS whether to have existing requirements for the secondary carrier or additional specific ones

Inner loop power control in the uplink

· There will be two independent uplink power control loops with two independent TPC streams transmitted in downlink.

· how to extend existing requirements 

Points made during discussions:

· TPC commands should be correlated to avoid many combinations

· On the other hand system performance might be put at risk if TPC commands were correlated, further study is needed.

Agreed way forward: come back to this in next meeting

3
Open Loop Power Control
Requirement for secondary carrier

The following text (cut and paste from [3]) reflects the current agreement in RAN1 on the initial DPCCH power setting on the secondary carrier.
The initial uplink DPCCH transmit power is set by higher layers [5]. In case the synchronisation procedure A is executed because the UE receives an HS-SCCH order to activate the Serving E-DCH cell corresponding to the Secondary serving HS-DSCH cell, then the initial DPCCH transmit power is computed as 

Uplink DPCCH transmit power = PDPCCH,1 – UE_Sec_Tx_Power_Backoff

where PDPCCH,1  is the DPCCH transmit power on the Serving E-DCH cell corresponding to the Serving HS-DSCH cell and UE_Sec_Tx_Power_Backoff is set by higher layers.

From the above, we see that the initial DPCCH power on the secondary carrier is derived from the DPCCH power on the anchor carrier at the start of synchronization procedure A minus a constant backoff parameter (signalled to UE via RRC signalling).
Now if we agree to an inner power control loop test requirement on a per carrier basis for DC-HSUPA, then it is redundant to introduce a separate test requirement for the initial power control setting of the DPCCH on the secondary carrier, since this setting will inherent the accuracy of the DPCCH power on the anchor carrier. On the other hand, if it is desired to verify that the UE indeed applied the backoff, then there may be some value in introducing such a test requirement.
Given that there is no existing RAN5 test case for the initial DPCCH power setting in the case of single carrier operation, we do not see a need to introduce a separate test requirement for the secondary carrier. Hence we propose the following:

Proposal 1: In the case of DC-HSUPA, reuse the existing open loop test requirement as defined today in 25.101[2] for single carrier operation, for the initial DPCCH setting on the secondary carrier.
4
Inner Loop Power Control
Requirements for DC-HSUPA

The topic of carrier power imbalance at the UE in DC-HSUPA systems has been discussed in more detail in [4]-[6]. For quadrature modulators in modern direct conversion transmitters, in the presence of I/Q imbalance, a power imbalance between the adjacent carrier’s results in a residual side band image that appears as an in-band emission. As a result this component can lead to a source of error in the transmitted signal, which is a function of the amount of power imbalance between the two carriers. 

However, we believe that for this case, a test similar to the in-band emissions test in [6] is more appropriate and represents a direct measure of the effect of the residual side band image due to I/Q imbalance. 
Also, since the DC-HSUPA 10 MHz waveform is processed separately as a single carrier waveform in each of the carriers at the NodeB receiver, it is reasonable to require that the power measurement and requirement apply on a per-carrier basis.

Hence we propose the following in the case of DC-HSUPA:

Proposal 2: The Inner Loop Power Control test requirement applies only if the total transmit power in each assigned carrier are equal to each other i.e. the test requirement is only defined for the case when the carrier transmit powers are balanced . This implicitly requires that the TPC_cmd sequence pattern as defined in RAN5 specifications should ensure that at any time, the carrier transmit powers are balanced.
Proposal 3: The transmit power measurements are performed independently on each assigned carrier.

Proposal 4: The inner loop power control requirement on the transmitter output power step as defined in 25.101 (Table 6.4 and Table 6.5) applies independently on each assigned carrier.

5
TP for 25.101 on Open Loop and Inner Loop Power Control
Requirements
We provide below a text proposal for 25.101 on open loop and inner loop that applies to both single cell and dual cell operation on the uplink.

--------------------------- Sections Omitted ----------------------------------------------------
6.4
Output power dynamics

Power control is used to limit the interference level.

6.4.1
Open loop power control

Open loop power control is the ability of the UE transmitter to set its output power to a specific value in each transmitted carrier on the uplink. The open loop power control tolerance is given in Table 6.3
6.4.1.1
Minimum requirement

The UE open loop power is defined as the mean power in a timeslot or ON power duration, whichever is available.
Table 6.3: Open loop power control tolerance

	Conditions
	Tolerance

	Normal conditions
	± 9 dB

	Extreme conditions
	± 12 dB


6.4.2
Inner loop power control in the uplink

Inner loop power control in the Uplink is the ability of the UE transmitter to adjust its output power in each assigned carrier on the uplink in accordance with one or more TPC commands received in the downlink for the corresponding carrier..

6.4.2.1
Power control steps

The power control step in each asigned carrier on the uplink is the change in the UE transmitter output power in response to a single TPC command, TPC_cmd , derived at the UE for the corresponding carrier.
6.4.2.1.1
Minimum requirement

The UE transmitter shall have the capability of independently changing the output power in each assigned carrier in the uplink with a step size of 1, 2 and 3 dB according to the value of TPC or RP-TPC, in the slot immediately after the TPC_cmd can be derived for the corresponding carrier
a)
The transmitter output power step due to inner loop power control in each assigned carrier in the uplink shall be within the range shown in Table 6.4. In the case the UE is assigned dual adjacent carriers on the uplink, this range should be satisfied when the total transmit power in each of the assigned carriers are equal to each other.
b)
The transmitter average output power step due to inner loop power control in each assigned carrier in the uplink shall be within the range shown in Table 6.5. Here a TPC_cmd group is a set of TPC_cmd values derived from a corresponding sequence of TPC commands of the same duration. In case the UE is assigned dual adjacent carriers on the uplink, this range should be satisfied, when the same sequence of TPC commands are sent in each of the assigned carriers with equal power on each carrier.
The inner loop power step in each assigned carrier on the uplink is defined as the relative power difference between the mean power of the original (reference) timeslot and the mean power of the target timeslot, of the corresponding carrier, not including the transient duration. The transient duration is from 25(s before the slot boundary to 25(s after the slot boundary.
Table 6.4: Transmitter power control range

	TPC_ cmd
	Transmitter power control range

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	+0.5 dB
	+1.5 dB
	+1 dB
	+3 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	-0.5 dB
	-1.5 dB
	-1 dB
	-3 dB
	-1.5 dB
	-4.5 dB


Table 6.5: Transmitter aggregate power control range

	TPC_ cmd group
	Transmitter power control range after 10 equal TPC_ cmd groups
	Transmitter power control range after 7 equal TPC_ cmd groups

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+1
	+8 dB
	+12 dB
	+16 dB
	+24 dB
	+16 dB
	+26 dB

	0
	-1 dB
	+1 dB
	-1 dB
	+1 dB
	-1 dB
	+1 dB

	-1
	-8 dB
	-12 dB
	-16 dB
	-24 dB
	-16 dB
	-26 dB

	0,0,0,0,+1
	+6 dB
	+14 dB
	N/A
	N/A
	N/A
	N/A

	0,0,0,0,-1
	-6 dB
	-14 dB
	N/A
	N/A
	N/A
	N/A


The UE shall meet the above requirements for inner loop power control in each assigned carrier over the power range bounded by the Minimum output power as defined in subclause 6.4.3, and the Maximum output power supported by the UE (i.e. the actual power as would be measured assuming no measurement error). This power shall be in the range specified for the power class of the UE in subclause 6.2.1.
5
Conclusions
In this contribution, we discussed the topic of Open Loop and Inner Loop Power Control for DC-HSUPA. The proposals can be summarized as follows:
Proposal 1: In the case of DC-HSUPA, reuse the existing open loop test requirement as defined today in 25.101[2] for single carrier operation, for the initial DPCCH setting on the secondary carrier.

Proposal 2: The Inner Loop Power Control test requirement applies only if the total transmit power in each assigned carrier are equal to each other i.e. the test requirement is only defined for the case when the carrier transmit powers are balanced . This implicitly requires that the TPC_cmd sequence pattern as defined in RAN5 specifications should ensure that at any time, the carrier transmit powers are balanced.
Proposal 3: The transmit power measurements are performed independently on each assigned carrier.

Proposal 4: The inner loop power control requirement on the transmitter output power step as defined in 25.101 (Table 6.4 and Table 6.5) applies independently on each assigned carrier.

Based on these proposals, text proposals were provided for 25.101 on both open loop and inner loop power control that applies to both single cell and dual cell operation on the uplink.
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