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1. Introduction
In RAN4#38 there was discussion (see for example [1]) on the possibility that a UE which supports enhanced performance requirements type 1 by implementing receiver diversity could, in certain circumstances, switch off a receiver branch. One   reason for doing this might be to provide a reduction in power consumption in favourable radio conditions. The objective of this paper is to clarify Nokia understanding of the current 3GPP requirements, and to stimulate further discussion on the issue as this may be an area where RAN4 would like to do further work.

2. Nokia understanding of the current specifications

Nokia understanding of the enhanced performance requirements is that they are general requirements which should be met at all times by UEs which declare that they meet them. Therefore our understanding is that there is an assumption in the framework of the existing specifications that a UE shall not make a decision to dynamically change its receiver performance in other conditions than the requirements scenarios from better to worse, for example when it considers that conditions are more favourable than those of the requirements scenario. For example, a UE which meets enhanced performance requirement scenarios for HSDPA by implementing a dual receiver architecture can also be assumed to be making use of the same dual receiver architecture in all other relevant HSDPA scenarios.  
Our understanding is that this desirable from a network planning and system optimisation perspective since UE behaviour is more stable and predictable and as a result, performance gains from enhancements can be expected in real life scenarios and not just in the necessarily limited performance requirements scenarios which have been chosen for 25.101. When the system performance gains of enhanced receivers have been considered and simulated, it has been assumed that the UE behaves in a predictable way and gives similar enhanced performance in many different conditions and scenarios. We believe that if a multiple receiver UE makes use of an algorithm to decide to switch off some of its receiver hardware e.g. for power saving purposes, then the performance of such a UE would be dependent on how well these conditions can be estimated in the UE, and could therefore not really be considered as meeting the given enhanced performance requirements, even if it did meet all of the enhanced performance requirements scenarios listed in 25.101.
 We would welcome clarification from other companies on this point, and whether they have the same understanding of the current specification framework as Nokia.
3. Risks and potential gains of relaxing the enhanced performance requirements 

Partly as a result of the request for further feedback in [1], Nokia has been considering the issues associated with an implementation of a multiple receiver architecture which disables receiver branches in certain conditions. Our studies have indicated that definite risks are associated with this type of switching. Firstly, the criteria under which the receiver is switched into this reduced performance configuration have to be carefully chosen so that the risk of reduced performance in demanding conditions is minimised. An even more significant problem, in our understanding, is deciding when to switch receiver branches back on again. Since no channel measurements can be made on receiver branch once it is powered down, there is very little information available to determine that conditions have changed, and that such a disabled branch could have started to make a significant contribution to the overall performance. Therefore we believe that such power saving relaxations carry a risk of mitigating some of the potential advantages of receiver diversity.
Nevertheless, since the implementation of multiple receivers implies additional power consumption compared to the basic single receiver architecture, we can see that this is an area of possible opportunities for example, having the potential to offer improved UE battery life. This is one motivation for raising the issue in RAN4 and getting feedback from other companies and operators on whether allowing such specification relaxations in certain limited circumstances is an area that should be considered in RAN4.

4. Issues which could be considered by RAN4

The first fundamental issue which could be discussed in RAN4 is whether there is a desire at all to allow such relaxations for UEs which fulfil the enhanced performance requirements by implementing multiple receiver branches. We would welcome feedback on how other companies view the issue. If RAN4 decides that we are interested in going further with these kind of receiver relaxations then the next issue which could be considered are what kind of circumstances such relaxations could be applied in and whether different relaxation criteria would need to be considered for different channels (e.g. HS-DSCH vs. DCH) e.g. due to different services mapping. If RAN4 decided that there may be circumstances in which such relaxations do not cause system performance degradation and can be therefore be allowed, then it might be possible to specify for example that only the minimum performance requirements apply, based on 1 Rx Rake reference receiver in these circumstances.
Since we have identified that such opportunities for power saving carry the risk of reducing the benefits of receiver diversity to network operators, and also reduce the predictability of UE receiver performance, one option which RAN may wish to consider is that some signalling support is included to provide more control over the UE behaviour. For example, some flags might be introduced to indicate to the UE that it is not allowed to make any relaxation to the enhanced receiver performance.  This would allow operator specific control and allow operators to force UEs to use their full receiver capability at all times if that was the preference of the operator. There may also be some deployment scenarios where having predictable UE enhanced performance is more critical, and signalled flags would be one way of providing some additional flexibility in this area while still providing a setting where UE enhanced performance could be guaranteed in all circumstances. With a signalled flag it would also be possible to limit the relaxation to only certain channels avoid relaxation in some other cases. 
As these enhance performance type 1 relaxations should be considered only in favourable radio conditions, the idea of having flags to control the relaxation could be further extended by having signalled CPICH measurement thresholds, above which the UE is permitted to make certain relaxations. This might provide further scope  for tuning the UE behaviour, allowing a range of possibilities from disallowing any relaxation all the way to allowing the UE to make rather aggressive relaxation of the enhanced performance requirements  if it so chooses.
5. Conclusions

This document has attempted to clarify our understanding of the framework of the current RAN4 enhanced performance requirements specifications. We would be interested to hear other companies understanding of the existing specification framework and whether their view is the same as ours, namely that the general principle is that a UE which implements enhanced performance requirements using a given receiver architecture should not degrade its receiver performance dynamically for any reason. This means, for example, that a dual receiver UE claiming to meet the enhanced performance requirements type 1 for HSDPA should not power down one of its receivers at any time when an HSDPA connection is active, even if the radio conditions are estimated to be very favourable compared to the requirements scenarios in 25.101.
If RAN4’s understanding of the specification framework is the same as ours, we would also be interested in RAN4’s view on whether changing the specifications to create the possibility for dynamic modification of the receiver performance would be beneficial in certain circumstances. We recognise that the answer to this question depends on an assessment of the tradeoffs involved, for example, in receiver diversity switching. If it is to be allowed at all in the future, it must be done carefully to avoid reducing significantly the benefits promised by enhanced receivers. Based on our initial analyses it would also seem beneficial to utilise additional signalling to retain some level of control over the UE behaviour if such relaxations were to be allowed.

If RAN4 decides that the benefits of allowing UEs to perform dynamic changes to their receiver architecture outweighs the risks and disadvantages then further offline discussions could be held during RAN4#39 to determine how to progress the issue. Some agreed simulation work and scenarios within RAN4 may be necessary to study the issue further.
6. References

[1] R4-06172, “Way forward for HS-SCCH requirements with regards to Type 3 Work Item”, Vodafone Group





















