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1 Introduction
At the RAN#45 RAN plenary a study item on uplink-transmit-diversity for HSPA was agreed [1]. According to the study item description the objective is to evaluate the potential benefits of uplink-transmit-diversity techniques that:
· Do not require any newly standardized dynamic feedback signalling between the network and UE,

· Allow transmission from one antenna (e.g., switched antenna transmit diversity)

· Allow transmission from two transmit antennas (e.g., transmit beam forming)
In this contribution we present some initial considerations on the impact that uplink transmit diversity will have on the Node-B and UE. We furthermore outline a proposal for the evaluation methodology as well as an associated time-plan. 
2 Some initial consideration on uplink transmit diversity concepts
Aside from evaluating the gains that operators can expect by means of simulations (see [3],[4]) we believe that RAN1 also should consider whether there are any other potential problems and, if this is the case, try and conclude on the magnitude of these. This section describes issues that we believe needs to considered when evaluating the potential benefits of uplink-transmit-diversity.
2.1 Network related issues
The importance of considering these issues will depend on the gains that the uplink-transmit-diversity schemes are aiming for. For example, if the objective is to capture the gains arising from slow variations (e.g., the one antenna may be obstructed) then the related problem may be of less importance than if the schemes also target to capitalize on the fast fading variations. 
2.1.1 Channel estimation

In order to ensure an adequate receiver performance the Node-B needs to maintain a channel estimate. To avoid too rapid changes in the channel estimate used by the receiver this is typically based on a filtered version of the estimated instantaneous channel (measured by the Node-B) over several slots. Thus, when a sudden change in the effective channel between the UE and Node-B caused, e.g., by that the UE has changed transmit antenna, occurs there exist some delay until the channel estimate used in the receiver has adapted to their new values. Until this adaptation has been completed the Node-B receiver performance will experience a degraded performance. As a result, switched antenna diversity techniques in which the UE changes its’ transmit antenna too often will result in poor channel estimates. This will in turn degrade performance. A similar line of reasoning can be applied to beam forming if the antenna weights are changed too often and/or too abruptly. Note also the same problem may exist if the Node-B utilizes interference estimates based on filtered measured interference values.
2.1.2 Effect of power discontinuities

Another effect of applying uplink-transmit-diversity techniques is that it will result in that there is a discontinuity in the power received by the Node-B when the effective channel between the UE and Node-B is changed. This discontinuity will be a combined effect of that:

· The channel between the two transmit antennas and the receiving antennas are different.

· The antenna gain of the two transmit antennas may be different.
Due to this power discontinuity there will, subsequently to that an antenna switch has occurred, take a number of slots until the ILPC (and OLPC) have reached their stable values. For switched transmit antenna it should also be realized that the when the UE has switched antenna it will; if for example the channel from the ‘new’ transmit antenna is much better than the channel associated with the ‘old’ transmit antenna an increase in the noise rise. In the prolonging this may through the OLPC and/or ILPC cause other UEs to increase their transmit power. Clearly, the magnitude of this effect depends on how often the UE switch transmit antenna and how much the channel differs for the two transmit antennas. 

Notice that also beam forming techniques may result in larger and faster interference variations. In particular, this may occur when the shape and/or direction of the beam is abruptly changed. 
2.1.3 Path searcher algorithms
Another aspect that we believe needs to be considered is how an abrupt change in the channel influences the path searcher. Abrupt changes could for example be an effect of that the UE switches transmit antenna. In fact, for some situations it is not sure that the path searcher is able to keep track of all relevant paths, which could lead to performance degradation. Note that this could be an effect of that the two transmit antennas, in reality, have different and spatially varying antenna pattern. In other words, this does not necessarily need to be an effect of the fast fading.
2.2 UE related issues
While the previous section outlined a few potential issues related to the Node-B this section briefly outlines some UE related issues. Some of these issues have previously been discussed in RAN4 during Rel-9.
To start with, beam forming will require that the UE has two power amplifiers. If it should be possible to support antenna weights where the UE only utilizes one of these antennas (and this it should be possible to utilize any of transmit antennas) each of the PA must further be capable of supporting the maximum UE transmit power alone if the same coverage is to be maintained. For switched transmit antenna diversity a single PA would be sufficient. However, compared to the case where the UE always transmit from one of the two antennas only, there will be an additional insertion loss incurred by the switch.
Finally we also notice that the uplink transmissions influence the UE receiver performance. The magnitude of this impact will depend on the isolation between the antenna(s) used for transmitting the signal and the ones used for receiving the downlink information. To ensure that the downlink performance is not affected by the introduction of uplink-transmit-diversity it is necessary to ensure that isolation between all transmitting and receiving antennas is similar.
3 Discussion

Above we have described a few potential problems associated with uplink-transmit-diversity. Particularly we highlighted that if the UE changes transmit antenna too often (alternatively the shape of the beam and/or direction) there could be a performance degradation. This potential degradation would stem from:
· Reduced accuracy of the channel estimation algorithms used in the Node-B.

· Reduced accuracy of the interference estimations used in the Node-B

· Potentially increased interference variations (cf. beam forming effects).

· Reduce efficiency of the inner loop power control. 

While part of these effects can be captured in simulations other aspects are implementation dependent and difficult to capture in a simulation. However, considering the reasons above we believe that it may be beneficial to allow the network to control whether a UE utilizes uplink transmit diversity. To not restrict the applicability of uplink transmit diversity this could if deemed necessary by handled via RRC signaling. 
Aside from relying on RRC signaling (which would require RAN2 involvement) there are other options that one could consider as complements. For example, 

· Let the Node-B determine when/if a UE should be allowed to utilize uplink transmit antenna diversity. This could be done by means of HS-SCCH orders.
· Let the UE notify the Node-B when an antenna switch (alternatively sufficiently abrupt change in the antenna weights) will occur (or has occurred). This could for example be achieved by reusing E-TFCIs that are currently prohibited. 
· Update the Node-B algorithms and include algorithms for estimating when an antenna switch occurs and (possibly) also algorithms that maintain separate estimates of the channels associated with the different antennas (in the case of switched antenna diversity).
Yet another approach could be that RAN4 introduces additional requirements that specify the desired (and undesired UE behavior). An example of such requirements could involve specifying when, and how often the UE is allowed to change antenna for antenna switched diversity or change antenna weights in the case of beam forming.
3.1 Simulation evaluation methodology

As briefly mentioned above, we believe that the potential benefits of uplink transmit diversity needs to be evaluated by means of simulations. Proposal for baseline assumptions for link and system level simulations are presented in [3] and [4]. Section 3.2 below presents a related time-plan for the simulation activities. Aside from a reference algorithm, we believe that that all interested companies should be given the possibility to evaluate all algorithms on which RAN1 base their conclusions on.

3.2 Proposed time-plan for simulation activities
With respect to the system simulation studies we propose the following time-line: 

RAN1#58bis (October 12-16th, Miyazaki, 2009) 
· Agree on system simulation assumptions and time plan

· Agree on link simulation assumptions and time plan

RAN1#59 (November 9-13th, Jeju, 2009)
· Description of proposed algorithms

· Initial link level results

· Refined simulation assumptions

RAN1#59bis (January 18-22th, Valencia, 2010)
· Initial results on system simulations 

· Refined link level simulation results 

· Clarifications on the proposed algorithms

RAN1#60 (February 22-26th, San Francisco, 2010)
· Further results on system simulation 

· Summarize the RAN1 findings
4 Conclusion

In this contribution we have outlined a few potential issues associated with the introduction of uplink transmit diversity in HSUPA. It is proposed that RAN1 take these considerations into account when evaluating the potential benefits of uplink-transmit-diversity.
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