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1. Introduction
In RAN#43, the work item on combination of DC-HSUPA was approved [3]. The work item should fulfill the following objectives:
· Specify Dual Cell HSUPA operation for the following scenarios:

a. The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH.

b. The carriers belong to the same Node-B and are on adjacent carriers

c. Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.

· Introduce a Stage 2 level definition of the Dual Cell HSUPA to TS25.319

· Introduce the functionality for the relevant specifications of

a. UL and DL control channel structure.

b. L2/L3 protocols and procedures

c. UTRAN network interfaces

d. UE RF and performance requirements
e. BS RF and performance requirements 
f. RRM requirements

This contribution discusses the expected impact on RAN4 specifications related to inner loop power control (ILPC) accuracy in [6]. 
2. Status of RAN WG1 specification work
In the area of power control, the status in RAN1[4] has been provided below for the convenience of the reader:

----------------
Power control

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

It is FFS how to set the initial power level of the secondary carrier (e.g. whether it is somehow based on the power level of the primary carrier) and how the power is ramped.

Power scaling method is FFS.
3. Requirement for ILPC accuracy for DC-HSUPA

System performance for different levels of inner loop power control accuracy has been studied in previous RAN4 contributions[5], where it has been shown to be important to have accurate requirements.  As mentioned in the section above, each of the uplink carriers will have an independent uplink power control. 
When considering a requirement a reasonable trade-off between system performance degradation and implementation complexity needs to be found. From a system point of view, it is important to try to achieve high ILPC accuracy measured individually on each carrier. However, because of implementation aspects, achieving a high accuracy per carrier is more challenging when transmitting two carriers than when transmitting only one carrier. Examples of impairments that will affect the ability to achieve accurate ILPC for the dual carrier case are IQ-imbalance and spectral re-growth but could also relate to other implementation specific algorithm related impairments. 

Existing single carrier requirements are shown in Table 1 below:
Table 1: 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


When considering dual carrier power control, since each of the carriers could be issued either up/down /hold command, with different step sizes. Assuming that the step-size is common for both carriers, the total number of power step combinations become 9. Specifying  a requirement becomes even more complicated because the impact of leakage from a stronger carrier to the weaker is dependent on the power imbalance, which would imply that the requirement for the 9 different combinations would need to be different for different combinations of power imbalance.

 However, in order not to make the requirement too complicated it would be possible to formulate the requirement so as to cover groups of power step combinations with the same core accuracy requirement, and identify ranges of power imbalance for which the requirements would differ. One could for example decide to simplify the requirement such that the requirement is general for all 9 combinations, but differs depending on the power imbalance between the carriers. One proposal for such a breakdown of the requirement is shown in Table 2 below. As can be seen in Table 2, the proposal is to simplify the requirement such that 9 different numbers need to be evaluated.

Table 2: Example of requirement proposal for DC-HSUPA

[image: image1.emf]TPC_cmd power step 1dBpower step 2dBpower step 3dB

+1 +1 dB +2 dB +3 dB

0 0 dB 0 dB 0 dB

-1 -1 dB -2 dB -3 dB

power step 1dB

(Note 1)

power step 2dB

(Note 1)

power step 3dB

(Note 1)

Single Carrier +/-0,5 dB +/-1,0 dB +/-1,5dB

Dual Carrier +/-tbd dB +/-tbd dB +/-tbd dB P(Carrier 1) P(Carrier 2) - 5dB

Dual Carrier +/-tbd dB +/-tbd dB +/-tbd dB P(Carrier 2) - 5  P(Carrier 1) P(Carrier 2) - 10dB

Dual Carrier +/-tbd dB +/-tbd dB +/-tbd dB P(Carrier 2) - 10  P(Carrier 1) P(Carrier 2) - 15dB

TPC power step tolerance on each individual carrier

Note 1: Given that TPC_cmd_1 represents the TPC command for carrier 1 and TPC_cmd_2 represents the TPC_command for carrier 2, the 

requirement is valid for any combination of TPC_cmd_1 and TPC_cmd_2, i.e any combination of (TPC_cmd_1, TPC_cmd_2) from the set 

defined as [(+1,+1); (+1, 0); (+1, -1); (0, +1); (0, 0); (0, -1); (-1, +1); (-1, 0); (-1, -1)].


4. Proposed methodology for deriving ILPC accuracy requirements.
In order to simplify the process of deriving requirements we propose the following methodology and time-plan.
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Discuss system performance issues and the accuracy requirement from a system performance point of view. 

Agree on system simulation assumptions to aid in finding the appropriate trade-off between system performance and implementation complexity.

Discuss and agree the methodology for deriving the requirements.
Discuss preliminary options for a simplified structure for the requirement, covering all the 9 step combinations and defining power imbalance ranges.
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Present system simulation results according to agreed simulation assumptions.
Companies evaluate their individual implementation aspects and contribute with proposals for a simplified requirement structure. Discuss and agree on a simplified structure of the requirement where the actual numbers can be put as tbd.

Agreement on the methodology for replacing the tbd numbers with actual requirement, e.g. averaging of contributed numbers.
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Companies evaluate their individual implementation aspects with respect to the agreed requirement structure and contribute with detailed numbers to be used in setting the requirement. 

Discussion and agreement on final requirement in the form of a CR.

5. Conclusion

Requirements for inner loop power control accuracy for DC-HSUPA have been discussed. An initial requirement structure proposal has been presented for discussion. In order to simplify the RAN4 work process, a methodology and time-plan for the development of requirements has been proposed. 
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		TPC_cmd		power step 1dB		power step 2dB		power step 3dB

		+1		+1 dB		+2 dB		+3 dB

		0		0 dB		0 dB		0 dB

		-1		-1 dB		-2 dB		-3 dB

		TPC power step tolerance on each individual carrier

				power step 1dB
(Note 1)		power step 2dB
(Note 1)		power step 3dB
(Note 1)

		Single Carrier		+/-0,5 dB		+/-1,0 dB		+/-1,5dB

		Dual Carrier		+/-tbd dB		+/-tbd dB		+/-tbd dB		P(Carrier 1) ³ P(Carrier 2) - 5dB

		Dual Carrier		+/-tbd dB		+/-tbd dB		+/-tbd dB		P(Carrier 2) - 5 ³ P(Carrier 1) ³ P(Carrier 2) - 10dB

		Dual Carrier		+/-tbd dB		+/-tbd dB		+/-tbd dB		P(Carrier 2) - 10 ³ P(Carrier 1) ³ P(Carrier 2) - 15dB

		Note 1: Given that TPC_cmd_1 represents the TPC command for carrier 1 and TPC_cmd_2 represents the TPC_command for carrier 2, the requirement is valid for any combination of TPC_cmd_1 and TPC_cmd_2, i.e any combination of (TPC_cmd_1, TPC_cmd_2) from the set defined as [(+1,+1); (+1, 0); (+1, -1); (0, +1); (0, 0); (0, -1); (-1, +1); (-1, 0); (-1, -1)].





Sheet2

		





Sheet3

		






