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1.
Introduction

The first version of this paper [1] was presented in WG4#22 meeting 3rd-5th April, in Sophia Antipolis, for the purpose of discussing the performance requirements for HSDPA, especially how certain release99 features, i.e. tx diversity and beam forming, affect the performance of different receiver structures.

This is a modified version of [1], to be presented in WG1 meeting. The WG4 meeting concluded that discussing the tx diversity requirements for HSDPA is a responsibility area of WG1. Chapter 2 is almost a copy paste from [1]. Chapter 3 clarifies the present status in WG4. And conclusion chapter suggests the way forward in WG1 meeting on this issue. 

2.
Release-99 features and HSDPA receivers

Some performance results of advanced receivers for the HSDPA signal reception have been presented [2][3]. These results showed that with some type of advanced receivers performance is improved compared to Rake receiver. Performance improvement of the advanced receiver comes due the multi path interference mitigation. Most commonly proposed advanced receiver structures are linear equalizers and subtractive interference cancellators. Linear chip equalizer tries to estimate the multi path profile of the channel and then by using filtering the effective channel profile is converged back to a single tap channel. By doing so the receiver performance is improved as the orthogonality of downlink is restored and therefore less inter-chip interference exist on the signal before demodulation. The other proposed advanced receiver for HSDPA is a multi user interference canceller. It tries to estimates all code channels and then before demodulating a certain code, it subtracts the interference caused by the other codes, in this way improving the receiver performance.

When the improvements due to advanced receivers structures are evaluated, proper attention needs to be paid to the assumptions used in the analysis/simulations of required performance case. Often the performance of different advanced receiver structures is presented neglecting the different operation modes of Release-99 users may have. Currently we have identified some Release-99 features that should be discussed and to be taken into account when evaluating the performance improvements due to different advanced receiver structures. These are as follows:

· Impact on HSDPA signal reception of Release 99 users, in particular Release 99 users having transmit diversity,

· Impact of transmit diversity on HSDPA and

· Impact of Release-99 user with fixed and user specific beam forming on HSDPA.

Each of these will be discussed in following subsections.

2.1. TX diversity

Based on their effect on different advanced receiver types TX diversity modes can be discussed in two groups: TxAA and STTD. TxAA diversity users cause problems as Release-99 user signals plus the common physical channels are transmitted through two antennas. User specific channels are sent with varying phase and amplitude based on the feedback received from the UE. For an advanced receiver trying to mitigate the multi path interference from different users this is difficult, if not impossible in practice as the phases and amplitudes of different users vary randomly. 

In case of the linear equalizer the STTD symbol level coding creates two desired signals that interfere with each other. Since from each desired signal's point of view the interfering signal is sent from a different antenna and its channel in general has a different impulse response than the channel of the desired signal, it is very difficult to restore the orthogonality, and hence the efficiency of the equalizer is reduced. This is since the equalizer in practice tries to equalize the signal only from one antenna at a time. Thus the multi path in the second antenna still remain to be interfering signal, to the orthogonalised first antenna signal. 

For subtracting interference canceller’s, already the Release-99 users alone cause problems, since this type receiver needs to know the spreading codes and the symbols of each Release-99 users to attain full performance improvement. It is not feasible to assume that RNC would signal the used codes, since the load/number of codes is changing constantly only generating excessive signaling to each user in the system. Hence the spreading codes of the other Release-99 users are not signaled by RNC to HSDPA users thus these need to be estimated. The complexity of such estimator is not reasonable in our opinion. The use of any TX diversity mode reduces the attainable gains even more since there are now two times more signals that need to be cancelled. 

2.2. Beam forming

Beam forming introduces also problems for interference mitigating advanced receivers. Fixed beam forming introduces similar problems as TX diversity if the receiver is situated in region where the antenna patterns of two different beams over lap. The Release-99, -4, -5 users having USBF active reduces the advanced receiver performance as each USBF user has it’s own channel impulse response (due to the specific propagation path), which is in practice nearly impossible to estimate and account for.

2.3. TX diversity for HSDPA

It is not decided by WG1 yet whether it is required that HSDPA should support TX diversity. As this will have effect on the receiver structure it should also be taken into account in test if support is required.

3. Status in WG4

Nokia noted in [1] that the most probable rollout scenario for HSDPA services are on existing network where Release-99 users are in the same frequency. Therefore it is important that effect of these features is considered when the performance requirements of HSDPA are defined. Therefore in WG4 it was proposed that:

· The combinations of each Release-99 feature with HSDPA has to be clarified for RAN WG4 to have correct simulation and performance assumptions.

· If simulation assumption and performance requirements will be based on Rake receiver we think that there is no reason to change the assumptions on Release-99 users (and common channels) in current TR [4], meaning that (OCNS) own cell interference is not modeled to use tx diversity. However in discussions in last week WG4 meeting it was also noted that modeling of other cell interference should be considered, and the OCNS modeling is needed for that purpose also.

· It is known that with using a selected set of assumptions the advanced receiver performs better than RAKE solution. However, simulation assumptions should be modified so that Release-99 users (OCNS) would be using for example TX diversity together with common physical channels.

· When all abovementioned assumption and parameters are assessed, and feasibilities of possible combinations are carefully considered in the system deployment and complexity of UE receiver implementation point of view, the performance should be concluded. E.g. there is a meaningful purpose for each combination proposed to supported with HSDPA, and its behavior in system point of view is understood. 

The conclusion in WG4 was however, that it is under WG1's responsibility to define tx diversity requirements for HSDPA. The modeling of rel-99 users in simulations is under discussions in WG4 reflector at the moment, and resolution is agreed to be set by Friday 12th of April. Thus for the time being there was no conclusion on tx diversity usage neither in (OCNS) own cell interference nor in HSDPA. Furthermore, for the time being the assumption is that the channel models both for QPSK and 16QAM are Pedestrian A, Pedestrian B and Vehicular A, which are used in the further simulations. 

4. Further discussion in WG1 

Further work is required in WG1 regarding to reach clear conclusion on the usage of rel99 features in relation to HSDPA. Currently open issues prevents of manufactures to assess the performance requirements and equipment complexity estimations. 

Following issues needs to be addressed:

· Rel-99 backwards compatibility

· Usage of rel99 features (tx div, beam forming) in the same cell with HSDSCH

TX diversity schemes have been extensively discussed in past few years. It is understood that these are capacity enhancements for rel-99 type of air interface. On the other hand the HSDPA will be deployed on the same carrier frequency with rel-99 users, and hence this functionality needs to be taken into account with HSDPA as well.

Same applies to e.g. beam forming in case of rel-99 users. 

In addition the UE behaviour in SHO needs to be taken into account. In case e.g. TX diversity is only applied in part of the active set radio links, the UE may not be able to perform such a function. This can results a reduced performance for rel-99 user.

· Support of Compressed mode
It is understood that a principal agreement on assuming that compressed gaps and HSDPA transmission are not scheduled on the same time. It is believed that this matter can be handled in the packet sceduler and RNC inside UTRAN. The conclusions on this matter need to be clearly reflected to the appropriate specifications. 

· HSDPA related issues

· Usage of rel-99 features (tx div, beam forming) in HSDSCH

· Usage of rel99 features (tx div, beam forming) for the associated DPCH and HS-SCCH , when used together with HSDSCH

These matters have not been extensively discussed in WG1, and clarification on this matter is invited. Anyway existing methods should be considered first in this context. 

Furthermore we want to emphasize that the usage of 16QAM has been so far considered in WG1 when good channel conditions, and link adaptation takes care that overall system performance is not sacrified with user in bad channel conditions. Hence the abovementioned issues together with performance requirements forms a basis for UE complexity analysis for HSDPA. 

5. Conclusions

We have raised up some issues with HSDPA and tx diversity. We don't think that it is a sensible approach to define performance requirements for 16QAM in multipath channels before the existance of HSDPA with tx diversity  in the same cell is discussed and the most sensible approach agreed in WG1.

We propose that these issues are further discussed in WG1 , and a liaison statement is sent to WG4, clarifying WG1 opinion on these issues. WG1 should clarify 

· the usage of rel99 features (tx div, beamforming) in HSDSCH

· the usage of rel99 features (tx div, beamforming) in the same cell with HSDSCH

· the usage of rel99 features (tx div, beamforming) for the associated DPCH and HS-SCCH , when used together with HSDSCH

There is a separate paper from Nokia in [5] where we present simulation results , and alternative approaches how to proceed with this issue. 
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