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1 Introduction

Reliable enough feedback channel for uplink closed loop transmit diversity needs to be defined. There have been at least two main proposals, use of F-DPCH [1],[2] and use of E-HICH/E-RGCH [3]. We study the alternatives in this contribution.

2 Possible physical channel setups
The size of the codebook and required update rate affect the amount of bits that need to be reserved for the feedback. One could, based on the learnings from the downlink side, make a reasonable assumption that most probably codebook size is approximately 2 bits and the update rate  at least once per 2 ms. It could also be assumed that the feedback error rate target should be roughly less than 4%. But these requirements should be verified after the precoding scheme is finalized.
One option for feedback channel structure is to use the E-HICH/E-RGCH channel. As the main benefit of the closed loop transmit diversity is to increase the coverage, one would not like to reduce the coverage of the existing E-HICH or E-RGCH channels which use extensive repetition of the signatures over the HSUPA subframe. Thus, new signature could be allocated to carry maximum of 1 bit per slot, for example, as shown in Figure 1. However, increasing the number of multiplexed sequences increases multiuser interference and potentially could result to interference limitation with lower number of UEs. Furthermore, possible power offsets could complicate the reception of the already heavily code multiplexed signals.
Second choice is to increase the amount of information per user on the F-DPCH channel as in Figure 2, where the feedback bits are labelled as precoding information (PCI) bits. In principle there are several choices, but one straightforward method is to add another symbol for each UE to carry information in each slot. Maintaining the same coding rate as the TPC bit would mean that there is space for 1 bit per slot. Using uncoded transmission could increase the space for 2 bits per slot and the lack of repetition coding can be compensated by power offset. On the other hand, one does not necessarily need 2 bits for each UE in every slot. It could be considered if lower update rate can be used for the PCI than for the TPC bit but multiplexing those two rates in single F-DPCH is awkward. Another aspect is that the usage of F-DPCH for precoding information means that uplink closed loop transmit diversity can not be used if DPCH is configured in the downlink, which degrades feature independency in the specifications.

Third straightforward choice is to define a new channel in downlink to carry the precoding information labelled as precoding information (PCI) channel in Figure 3. It is proposed that the new channel, which is multiplexed between the users like the existing F-DPCH, is defined. Most probably the same spreading factor, i.e. 256, is suitable. This channel could follow either the F-DPCH or DPCH power control possibly with a power offset. Most likely the serving cell will be determining the precoding weights, thus a F-DPCH like solution sounds adequate.
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Figure 1. Allocating new signatures for the PCI bits.
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Figure 2. Multiplexing one or two PCI bits on the F-DPCH slot.
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Figure 3. Structure of the new PCI channel slot.
3 Simulation results
Simulation results shown in this section compare the new PCI channel structure as proposed in the previous section against the use of extra signature on the E-HICH/E-RGCH channel. The main simulation setup is:

· PCI channel spreading factor 256

· PCI channel applies repetition factor 2 for a single bit per user as in Figure 3
· 10 E-HICH signatures used

· 10 E-RGCH signatures used

· 10 signatures reserved for the PCI feedback in the alternative method

It is assumed that 1 bit per slot is transmitted for each user. In this case, the simulation setup is normalized such that both solutions transmit for 10 UEs in a slot for simplicity. The power measure shown in the x-axis of the Figure 4 reflects the total power consumed by the 10 users so that it is the power used by a single F-DPCH code or in E-HICH/E-RGCH case power used by the 10 new signatures The simulation is made in vehicular A 3 km/h channel at the geometry factor of 0 dB. In fact, the comparison is essentially between the time and code multiplexing solutions. As one could expect the differences are not large but the proposed new channel has a moderate performance benefit. Note that in this simulation the PCI channel is power controlled but the E-HICH/E-RGCH channel extension is not.
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Figure 4. Performance of PCI channel and E-HICH/E-RGCH channel signatures in vehicular A 3km/h channel at 0 dB geometry factor.
4 Conclusions
Discussion on F-DPCH vs. E-HICH/E-RGCH based feedback channel solution has been presented in this contribution. Based on discussion more straightforward F-DPCH solution is seen preferable. Due to feature independency reasons it is proposed to introduce a new precoding feedback channel, which is compatible with both F-DPCH and DPCH channels.
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6 Appendix: simulation parameters
	
	

	Number of transmit antennas in nodeB
	1

	Number of receive antennasin UE
	1

	Channel model
	Vehicular A, 3 km/h

	Number of sampes per chip
	2

	receiver
	rake

	Number of active users on F-DPCH, E-HICH , E-RGCH
	10

	Soft handover
	no

	E-HICH ACK DTX probability
	0

	E-RGCH HOLD probability
	0.33
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