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1.  Introduction 

In WG1 it is still open whether tx diversity is required to be supported with HSDPA , and whether other rel99 users are allowed to use tx diversity in the same cell with HSDPA. This paper discusses these issues further and proposes some alternative approaches.

2.  Performance of 16QAM with tx diversity with RAKE or advanced receiver

In this section we show some simulation results, which show what happens to the performance when tx diversity is introduced into the serving cell. 

Figure 1 shows BLER curves with Vehicular A channel, when STTD is used, both with RAKE and a more complex advanced receiver type of solution. The HS-DSCH Ec/Ior (7 parallel codes) in these simulations has been –1 dBc. In other words this means that only commons channels with this one user is possible to operate at this time. In both cases the performance is saturated quite high BLER levels. The reason for this behaviour is that TX diversity causes problems to advanced receiver, and degrades the performance. On the same time the RAKE solution is not it’s optimum due multi-paths. In general in this case the 16-QAM is not chosen as a modulation type for none of the receiver solutions.
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Figure 1. Performance of 16QAM with advanced receiver in Vehicular A channel, with STTD.

Figure 2 shows the BLER curves in Pedestrian A channel. In this case it can be noted that RAKE performance with STTD is improved, and actually is better than advanced receiver solution. In this case the scheduler may choose the 16 QAM as used modulation.
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Figure 2. Performance of 16QAM with advanced receiver in Pedestrian A channel, with STTD.

3.  Further considerations regarding the propagation conditions

As presented in the results above the performance vs. complexity assessments are not straightforward to set. There is a contradicting behaviour with different features and receiver solutions. 
· RAKE performance is not optimal (e.g. high error floor) for 16QAM in case for other than Pedestrian A channels, and a reasonable high G factors are assumed. 

· In case the TX diversity is applied within HSDPA, or there is a portion of power in the same cell reserved for rel-99 users, using tx diversity, this means that even advanced receiver does not offer good performance for 16QAM in multipath channels (Pedestrian B, Vehicular A), since tx diversity will reduce the performance clearly. There is again a high error floor.

This would mean that there would be clear implementation cost due to advanced receiver in the UE for nothing, since in Pedestrian A channel, already RAKE can offer quite good performance with 16QAM. Furthermore, we think that in Pedestrian A channel RAKE still has almost as good performance as any advanced receiver, even if tx diversity is utilised. When other propagation conditions link adaptation will act, and overall system rescourses are used to provide services to other users.

Other aspects will contribute to the system overall behavior as well. These are the packet scheduler behaviour, NodeB impairments, and G-factor distribution. These issues are discussed in more detailed in next chapter.

4.  SYSTEM SCENARIOS FOR HSDPA and 16QAM
Furthermore it needs to be analysed what is the system scenario where 16QAM is mainly used, and where it gives throughput gain. In the previous chapters we have shown that if tx diversity is used in severe multipath channels (PedB, VehA), even an advanced receiver cannot improve the performance of 16QAM. 

G distribution in the cell defines what is the 16QAM selection probability. Figure 3 and figure 4 show 16QAM selection probability in a microcell and macrocell G distributions [2]. In both cases the G factor is considerably lower than 15 dB as has been the case in simulation in chapter 2. This paper was originally made for NodeB PCDE discussion in WG4, so the point now in this WG1 paper is not to discuss the PCDE, but instead the fact that the 16QAM selection probability depends on the case whether we have microcell or macrocell G distribution. It can be seen that in the microcell G distribution 16QAM is selected more often. This matches quite well to our proposal that 16QAM would be tested only in Pedestrian A channel. 

The G-factor has an important meaning in the sense that what is the system “operating point” since the implementation impairments are more dominate in case of high G values. E.g. it can be further questioned what is the point on optimizing the system into the area where only very few users are located, and other cell interference do not contribute practically at all. This will bias the capacity into the very limited area only, and do not take into account wider user distribution. This topic is addressed in WG4 discussions as well. 

Further, our understanding is that typically in case of high G values in the macrocell, the channel model is close to line of sight, so the test case for 16QAM in Pedestrian channel would mean that 16QAM can also be used in macrocells close to the NodeB in those kind of cases.
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Figure 3 - 16QAM selection probability for microcell Pedestrian A case (3 kmph).
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Figure 4 - 16QAM selection probability for macrocell Vehicular A case (3 kmph).

5.  Conclusions

We have presented here simulation results based on which we propose two alternative approaches how to proceed with WG1 and WG4 work with tx diversity and HSDPA performance requirements :

a) Either TX-Diversity is used with HSDPA in the same cell with rel99 users, and WG4 will base test cases for 16QAM only in Pedestrian A channel.

b) Or no tx diversity to be used with HSDPA nor rel-99 users in the same cell. Then capacity enhancements of rel-99 UE’s are not possible to be utilized in the same time. 

We have also raised up following issues:

· G- factors used in the system will have a important contribution to the system. Too optimistic assumptions will bias the performance requirements and will furthermore have impact to the propagation conditions performance. There is not much sense to implement advanced receiver, when in case with realistic G-factors the main usage of 16QAM would be reasonable low, and possible only in Pedestrian A channel. 

· Packet schedulers will furthermore impact to G-factor distributions, and used modulation in NodeB. 

· Node B PCDE impairment will impact the selection probality of 16 QAM as well.

Rel-99 TX diversity is possible to be used together with HSDPA, and we feel that an extra care should be taken not to affect rel-99 services when HSDPA is deployed. Both  rel-99 and HSDPA is possible to receive with RAKE solutions, and with realistic schedulers and G-factor distributions the cell throughput is more or less equal in different receiver solutions. 

If in practice the 16QAM gain would only be available in Pedestrian A channel, then it might be worthwhile to think whether that could be also reflected in the WG4 performance requirements, that 16QAM is tested only in Pedestrian A channel. Then it would be up to the manufacturer to decide whether they want to optimise their receiver to improve 16QAM performance further in the presence of TX diversity in that channel or not.
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