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1
Introduction

Work item for uplink dual-carrier HSUPA was launched in RAN plenary meeting #43 [1]. The following UTRA multicarrier extensions were agreed to be specified to Release 9 in [1] for uplink dual-carrier HSUPA:
· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH
· The carriers belong to the same Node-B and are on adjacent carriers
· 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
In this paper we discuss about how UPH reporting should be arranged in dual carrier HSUPA operation. 
2
Background
UE power headroom (UPH) measurements are specified in HSUPA to know at Node B scheduler how much spare power after DPCCH UE would have for other channels. The scheduler uses that information to assign power grants for E-DCH transmissions to UEs. 

UPH is transmitted in the Scheduling Information (SI) field that is located at the end of the MAC-e or MAC-i and is used to provide the serving Node B with a better view of the amount of system resources needed by the UE and the amount of resources it can actually make use of [2]. 
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Figure 1 Scheduling Information format [2].
Other fields in SI are related to logical channel level information, like priorities and buffer status. 
In dual carrier HSUPA UPH reports would be needed on both uplink carriers because of independent inner and outer loop power controls on carriers. In addition, load at Node B can be different on two carriers. Even though averaging period of UPH measurement is relatively long, 100 ms, it can be shown together with above facts that individual UPH reports would provide additional information for Node B scheduler over one common UPH measurement. 

The following figure shows CDF of the difference of UPH reports of two carriers measured by UE from DPCCH only transmissions when the load and SIR target are assumed to same on both carriers. Fast fading between carriers was assumed to be independent. Simulation parameters are described in Appendix – simulation assumptions and parameters. The CDF shows the dependency of the difference of UPH reports on used channel profiles, Pedestrian A (PA) and Typical Urban (TU) with 6 taps, with UE velocity of 3 km/h. One can observe how long averaging period of UPH report is not able to average out totally fast fading and thus two UPH reports can provide additional information for Node B scheduler, and especially in flat channel where the fades can be rather deep for low UE velocities. With frequency selective channel available diversity can be seen as smaller difference in UPH reports. 
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Figure 2 Difference of UPH reports of two carriers as a function of channel model.
Due to the fact that there might be different load level at Node B and different power control dynamics (outer loop) on two carriers the difference in UPH reports may be much higher and thus motivate even more to send individual UPH reports on both carriers. 
3 Discussion
There are following approaches how UPH reporting could be organized assuming we need individual reports on both carriers:
· Transmit UPH report on the carrier it was measured
· Transmit both UPH reports on one carrier with two options
· Extend SI field to cover two UPH reports

· Time-multiplex SI information
Transmit UPH report on the carrier it was measured

This approach is an extension to single carrier HSUPA transmission where UE sends SI information on both carriers including carrier specific UPH report. No changes are needed into MAC-i PDU structure and Node B links the UPH with the uplink carrier where the UPH was provided. There is also no need to modify the MAC header processing implementation of the Node B. In addition, independent scheduling is possible at serving Node B for carriers via this method. The other carrier may be de-activated and thus there would only be UPH report from active carrier available. Backward compatibility is also maintained to pre-REL9 Node Bs providing cells to the active set. Disadvantage with this option is that other fields in SI information are logical channel related and are common on SI fields sent on both carriers. If one wants to get rid of redundant bits on one carrier, maybe SI field of that carrier could include only UPH report which means that two SI lengths have to be supported. 
Transmit both UPH reports on one carrier

Transmitting UPH reports of both carriers on one carrier could be implemented e.g. by extending SI field to include two UPH values or time-multiplexing SI information. Former option would mean that current SI structure needs to be modified to include two UPH values. Also additional bit to indicate whether SI field includes one or two UPH fields may be needed for serving Node B. On the other hand it could be specified that when UE has two carriers active there is always two UPH values in SI and when one of the carriers has been deactivated there is only one SI value and no indicator is needed. With extended SI size the current optimized transport block sizes may need to be revisited if the SI size is changed. 
Another single carrier UPH delivery option would be time multiplexing a Rel-6 compatible SI information comprising individual UPH report from each carrier e.g. on consecutive TTIs. E.g. after trigger for sending SI information has occurred UE could send SI information including UPH report of primary carrier when TSN number or HARQ process number is odd and correspondingly when TSN number or HARQ process number is even SI information including UPH of secondary carrier.
Advantage of this approach with both options above is that SI information is sent on one carrier only. UE may have E-DCH grant or transmit E-DCH on one carrier only and on the other carrier UE sends e.g. DCH and HS-DPCCH. 
4 Conclusions
First it was discussed and shown that there is motivation for sending individual UPH reports from both carriers. Then we discussed possible approaches how UPH reporting in dual carrier HSUPA can be organized.. 
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Appendix – simulation assumptions and parameters

Link level simulations were performed to study how independent fast fading on carriers affect on UPH reports as a function of channel profile and UE velocity.

Table 1 Simulation assumptions and parameters
	Parameter:
	Value:
	Comment:

	Channel model
	PA, TU
	PA: modified, 2 taps [0 dB 0 ns, -12.5dB 260 ns]
TU: modified, 6 taps [-4.2 dB 0 ns, -7.2 dB 260 ns, -6.2 dB 520 ns, -10.2 dB 1562 ns, -12.2 dB 2344 ns, -14.2 dB 4948 ns]

	UE velocity
	3
	

	Channel estimation
	FIR
	

	Inner loop PC
	ON
	

	PC error %
	4 %
	

	PC step size
	1 dB
	

	SIR target
	Fixed
	

	Outer loop PC
	OFF
	

	Antenna configuration
	1x2
	

	Service
	None
	





