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1 Introduction
At RAN4 #43 a proposal was made in [1] to permit the switching off of one antenna in a Type 1 (receive diversity) UE for non-MBMS scenarios in situations where network performance would not be degraded.  The motivation for this proposal was to provide increased battery life for the UE.  Also at RAN4 #43, two contributions were presented [2,3] which raised concerns regarding this proposal. This contribution addresses these concerns and provides additional clarification regarding the proposal in [1].
2 DCH and F-DPCH Scenarios
In [1] it was proposed to allow a UE receiving dedicated channels to switch off a second antenna when the UE is in “low-windup”, i.e., when the base station (BS) has reached its lower limit of transmit code power. This could occur where the UE is located very close to the center of the cell (i.e., high geometry factor). In these situations, the switching off of the second antenna will have a negligible effect on base station resources, but will allow significant battery life savings for the UE. 

One concern raised in [2] was the claim that this proposal would require the UE to make assumptions about the downlink transmit power settings, which is prohibited in [5], Sec. 5.2.1.2.1. However, the proposal does not require any such assumptions. Rather, it is based only on behavior mandated by the 3GPP standard that the base is required to respond to the UE’s request to lower power unless it has reached its lower limit on transmit code power (defined in [6] Sec. 6.4.2 to be -28 dB or lower, relative to maximum base power). 

A second concern raised in [2] was regarding the possibility that implementation of this proposal might cause instability of the power control loop and degraded performance. However, we have found the detection of the low-windup condition to be both reliable and robust, with no impact on the UE’s ability to meet its required quality target. Simulations results are presented in [4] illustrating this point.

A third concern raised in [2] was that the switching off of receive diversity when in low-windup would interfere with network optimization where the base minimum and maximum transmit code power could be adjusted to reduce the number of users in low-windup. However, this should not be an issue, since the largest “minimum code power” that is permitted by the standard is already negligible – i.e., defined in [6] Sec. 6.4.2 to be at most -28 dB or 0.16% of maximum base power. Lowering this number further would not be expected to produce any significant change in network capacity. 

3 HSDPA Scenarios
In [1] it was suggested that in situations where the base station needs very little power resources to provide the desired HSDPA service to the UE that it should be possible to switch off an antenna. Possible examples of this could include VoIP or applications running at very low CQI or in Enanced FACH mode. It was further suggested in [1] that this feature could be controlled by the base station by transmitting unused bit combinations over the HS-SCCH similar to what is done in the case of CPC.
One concern raised in [3] was that if the UE turns off an antenna the resulting lower CQI reports would cause the base station to transmit extra power. This could then result in reduced network capacity. This concern is alleviated, however, by leaving the control over whether the UE can turn off a second antenna in the hands of the base station/network. The base station has a clear picture of how low the UE’s transmit power needs are and what kind of load it needs to service. The base station can ensure that switching off of a second antenna only occurs when there will be no degradation in network performance.    
A second concern raised in [3] is regarding possible impacts to RRM and mobility performance. It is claimed CQI reports may be used by the network to assist in handover decisions, (in conjunction with CPICH measurements). Thus the concern is that a UE with little HSDPA downlink data demands might turn off an antenna even in regions where handover is relevant, and consequently the network’s handover decisions might be adversely affected by the single-antenna CQI reports. However, it was stressed in [1] that the UE should only be permitted to switch to a single antenna if both the HSDPA and DCH conditions are met. Since the DCH conditions are based on low-windup, there is no reason for handover to ever be relevant for a UE wanting to switch off an antenna. Furthermore, for a UE using Enhanced FACH, where there is no DCH present, the CQI is also not transmitted, and so handover decisions will not be affected. In addition, if the base station controls the receive diversity switching when HSDPA is active (as described above and in [1]) then this further guarantees no unintended impacts on handover performance. 
In offline discussion, some questions were raised about how receive diversity switching fits in with CPC features, such as UE receiver DRX. We see the proposal in [1] to be fully complementary to CPC. While turning off the receiver when possible via the DRX feature can save substantial power, turning off the second antenna while the receiver is operating provides additional talk time savings. In addition, CPC is not supported for a UE operating in Enhanced FACH mode, a mode which supports low data resource applications through the use of HSDPA while in CELL_FACH state. Thus the ability to turn off an unneeded receive antenna is particularly critical in this case to provide a means of saving battery life.
4 Potential Benefits
We estimate that the use of a second antenna causes an increase in utilized power by approximately 20%. Our estimate was done based on a typical handset configuration with about 3 hours of talk time for a 900 mAHr battery. So the maximum talk time savings would be approximately 20%. However, since a UE near the cell center is likely to experience relatively flat-fading, and as is shown in [4] this can reduce the amount of time that the UE remains in low-windup, we estimate that the potential talk time savings is around 10-20%. 
There are various scenarios where the ability to switch off a second antenna is particularly desirable. A UE receiving via Enhanced Cell FACH is one such case, as already discussed. A fractionally loaded network where the UE is both in low-windup and its downlink HSDPA power resource demands are small is another such scenario. In [4] DCH network simulations showed that between approximately 10 and 40% of the UEs can benefit from this receive diversity switching feature in fractionally loaded networks.  We also think that such a feature would be very desirable in Home Node B and in-building Pico-cell scenarios, where a UE situated relatively close to the base station antenna may have excellent reception conditions for long periods of time.  

5 Conclusions
In this document we have further clarified the proposal in [1] to enable a Type 1 UE to switch off an antenna in non-MBMS scenarios where it will not degrade network performance, and we addressed the concerns raised in [2,3]. In the case of a UE in DCH operation, a UE in low-windup requires negligible base station power resources and the UE can safely turn off its second antenna to save battery life. In the case of HSDPA, an additional base station directive using ‘HS-SCCH orders’ (such as used for CPC) would ensure that the UE safely turns off its second antenna without degrading network performance when its required downlink HSDPA power is very small and the UE is also in DCH low-windup conditions.
We have further estimated that realistic talk time savings from the use of receive diversity dynamic switching would be approximately 10-20%. We have also identified various scenarios where this feature is particularly attractive, such as a fractionally loaded network where the number of users that can benefit is high [4], a UE operating in Enhanced FACH where CPC receiver DRX is not available, and Home Node B / pico-cells. 
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