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Introduction

The difference between and UL and DL path loss may results in the so called UL/DL imbalance situation where one cell is the best DL cell as received by a UE and a different cell is the best UL cell receiving from that same UE.

As pointed out in [1], when considering HSDPA operation, the UL/DL imbalance is a significant issue since the feedback information has to be received with an appropriate error rate by the best DL cell even when it is not the best UL cell.

In this paper we describe and evaluate the options which are available to accommodate this problem.

Power offset

One set of solutions relies on the application of a power offset to the UL HSDPA related transmission (relative to the DPCCH transmission which is jointly power controlled by the cells in the active set) in order to compensate for the adverse radio conditions (reduced diversity, possibly high path loss). Some proposals suggest a semi-static power offset while others suggest the introduction of a dynamic power offset indicator in the DL control channel.

Adjusting the UL transmission power is clearly one solution to consider. However this approach has the following drawbacks:

· Increased peak Tx power requirement when the UE is most likely already operating at or close to its maximum output power.

· Increased interference dynamic to the neighboring cells, in particular in the UL/DL imbalance situation where path loss to a neighbor cell is lower than to the best DL cell (or active HSDPA cell).

· The dynamic power offset can only be used when the UE receives packets in the DL but may not always be used for channel quality reports which are transmitted even if no data (hence no control information) is received in the downlink.

Table 1 and table 2 show the dB  increase in link budget requirement (or transmit power) for various power offsets when compared respectively to the relese-99 voice and release-99 64 kbps configurations (relative DPDCH and DPCCH power offsets according to TS 25.104). The values are shown for various “default” power allocation to the HS-DPCCH. (relative to the DPCCH).

Table 1: dB increase in UE power requirement compared to normal HSDPA + voice case
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Table 2: dB increase in UE power requirement compared to normal HSDPA + 64 kbps case
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When considering likely “default” relative power (e.g. 3 dB [2]) allocations and SHO offsets (e.g. 6 dB [2]), one can see that the incremental link margin requirement is non negligible 3 dB and may have a very significant impact on the link budget.

Repetition

Another option which achieves the same goal as power offset (i.e. increase the amount of energy per information bit transmitted to the target cell) is to repeat the transmission in multiple consecutive HSDPA sub-frames. Similar to the power offset approach the number of repetition can be a semi-static parameter which can for example depend on the active set size or a dynamic parameter if found useful. The benefits of this approach reside in that the transmission power for the feedback channels is not increased which reduces the effects associated with additional energy being transmitted from the UE. The drawbacks are related to the associated increase in the feedback delay:

· Delay in channel quality indication: depending on the UE’s velocity this may or may not results in some throughput degradation. However, it is possible for the Node B to detect the feedback value before it has received all transmissions (e.g. using a quality threshold detection). Consequently, the average delay increase would be very much related to the actual UL/DL imbalance situation.

· Reduction of the maximum UE throughput due to restriction on consecutive transmissions or increased ARQ buffer requirement. In practice it is unlikely that users located in the soft handover area would be allocated resources which would result in continuous transmission to that particular terminal. Also, some reference terminal configuration have an implicit limitation on the time interval between re-transmissions and this approach would not affect the ARQ process associated with those terminals.

There are two additional benefits associated with the repetition scheme which are not reflected in table 1 and table 2:

· Extra time diversity and therefore reduced Eb/No requirement

· Reduced peak-to-average (compared to equivalent energy with power offset)

These effects have not been evaluated because this is not the main motivation for our proposal.

The complexity on the terminal side is very minimum and mostly related to the addition of a new dimension. On the Node B side, this scheme does not necessarily  imply new requirements since the network may always set the number of repetition to one; in order to allow for more than one repetition the Node B would have to be capable of accumulating energy for the control data over multiple HSDPA sub-frames.

Proposal

Given the concern associated with the power requirement for the UL HSDPA feedback channels, in particular in presence of a UL/DL link imbalance we suggest that the possibility to request the terminal to repeat the feedback information over multiple consecutive slots is introduced. This is not motivated by an increase in performance but by the desire to minimize the increase in UL power requirement compared to R99 and therefore allow whenever possible and desired the re-use of existing deployments (minimize the impact on link budget).

The following sub-sections provide some more details on the changes to the RAN specification associated with this proposal.

RAN WG1 related information/text

Whenever the ACK/NACK or CQI is transmitted, the terminal shall repeat the transmission of the ACK/NACK and/or the CQI information blocks over X consecutive HSDPA sub-frame. X is a parameter signaled to the UE by higher layer. When X is  greater than one for the ACK/NACK channel, the UE should not attempt to receive and decode data blocks on the HS-PDSCH in HS sub-frames n+1 to n + (X-1) where n is the last HS sub-frame in which a valid set of TrCh blocks have been received. 

RAN WG2 related information

In order to allow for flexible Node B implementation, the number of repetition and power offset have to be a cell specific parameter. In order to minimize the impact of the extra energy (whether power offset or repetition), the repetition and power offset parameters should depend on the active set size. We therefore propose that the following table is included in the HSDPA related cell information structure. A different table could be used for the ACK/NACK and CQI information.

Table 3: proposed addition to cell information parameters

	Active set size
	# of transmissions
	Power offset

	1
	One in # of transmission set
	One in  power offset set

	2
	One in # of transmission set
	One in  power offset set

	3
	One in # of transmission set
	One in  power offset set

	>3
	One in # of transmission set
	One in  power offset set

	# of transmission set
	1, 2, 4, 8, 16

	Power offset set
	0, 3, 6, 9, 12 dB


RAN WG3

Need to introduce the corresponding signaling over the Iub interface.

Conclusion

We have described the potential impact associated with the transmission of the HSDPA related feedback information in the UL. We are concerned that the additional UL power requirement may affect deployments (link budgets) based on Release-99  and have described a possible solution to alleviate some of these effects. We therefore  suggest that the possibility to repeat the HSDPA related feedback information over multiple HSDPA sub frames is introduced in Release-5 and to parameterize the UL as a function of the active set size. 
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