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1. Introduction

At RAN4 #41, contribution [1] was submitted, which discussed useful operating scenarios for the study item “Dynamically reconfiguring a FDD UE receiver to reduce power consumption when desired Quality of Service is met”. In that document it was discussed that DPCH reception, HSDPA reception and E-DCH downlink channel reception were scenarios in which the system may benefit from having the UE advanced receiver active all the time. Therefore, it was agreed to concentrate on the scenario of point to multipoint MBMS transmission.

In this document we take another look at the possibility of dynamically reconfiguring a UE for the alternate reception scenarios mentioned above. Specifically, we propose potential methods of switching on and off receive diversity (RxDiv) for dedicated channels and HSDPA that will have no significant impact on overall system capacity. This feature is very desirable since it can result in significant power savings at the UE, leading to increased battery life. 
2. Dedicated channels
As was pointed in [3], when in a near-site scenario the base station (BS) will be rather likely at the lowest minimum output power because the dynamic power range of the BS (typical values are 30 dB) is quite smaller than the path loss dynamic range (typical values are 70 dB). In this scenario, the downlink transmitted power is not further reduced due to the use of a RxDiv receiver at the UE and thus the RxDiv receiver can be switched off without impacting the system capacity. Furthermore, this scenario can be easily detected since the average measured SIR remains above the target SIR when the transmitter reaches the minimum power limit. Therefore, the switching algorithm proposed in [3] for dedicated channels is the following:

If (averaged_SIR > target SIR and both receivers are enabled) switch to single receiver.
If (averaged_SIR <= target SIR and only one receiver is enabled) switch to dual receiver. 
This proposal has several issues that need to be addressed:

1. When the condition of averaged_SIR > target SIR is met in RxDiv and we thus switch to single receiver, the condition may not be met anymore in single receiver, and thus we will switch back to RxDiv again.
2. The condition to switch back to RxDiv is problematic, as it will only be fulfilled when the UE is out of range. Otherwise power control will increase the BS power and meet the target SIR, and the second condition above will not be reached.

3. There are test cases in which the BS does not perform power control. In these cases the UE might switch off the RxDiv, and as a result will not meet the performance requirement.

We suggest several alternative solutions:
1. Add a threshold to the SIR target (solves problems 1, 2 above).
If ((averaged_SIR > target SIR+Threshold1) and both receivers are enabled) switch to single receiver.
If ((averaged_SIR <= target SIR+ Threshold2) and only one receiver is enabled) switch to dual receiver. 
The use of threshold1 and threshold2 adds hysteresis to prevent frequent transitions, thus making sure we will not switch off/on the second receiver too fast.
The use of threshold2 (should be smaller then threshold1) also ensures that the UE will switch back to RxDiv even before it is absolutely needed, thus preventing wasted base station power resources and avoiding any impact on system capacity.
2. Looking for low windup condition (solves problem 1, 2 above).
This is a more general condition then suggestion 1. The 3GPP standard defines "low windup" condition as a state in which the UE requests the BS to lower its power, but the BS has reached its lower limit of power and can not reduce its power anymore. The UE must already recognize this condition, as otherwise it will lower its SIR target too much, which will cause bad behavior.
The detection of this condition is quite robust and does not change too quickly.

We thus propose the following:

If ((receiver is in low windup) and both receivers are enabled) switch to single receiver.
If ((receiver is NOT in low windup) and only one receiver is enabled) switch to dual receiver. 
Low windup may be detected by various methods, including by comparing SIR estimation to SIR target – similar to the first suggestion above, or by looking at the distribution of up and down power control requests sent by the UE to the BS. Typically, the detection of low windup is implemented with some kind of hysteresis that would prevent frequent transitions between single receiver and RxDiv.
3. Take BLER (or BER) estimation versus BLER (or BER) target into account (solves problems 1, 2, 3)
A further enhancement to the suggestions above may be to also look at the Block Error Rate (BLER) estimation or Bit Error Rate (BER) estimation.

If on top of the conditions specified in the suggestions above, the UE also finds that the BLER estimation is below its BLER target (with some margin), then it will decide to switch off the RxDiv, as this is a further indication of the fact that the BS is at low windup.
This can help solve problem 3, since in the test case the BS will signal to the UE a very low BLER target (which will not be met in the test), and thus the UE will not switch off RxDiv and will maintain the required performance for RxDiv receivers.

In channels such as Fractional DCH (FDCH) where a BLER target is replaced by BER target, the same principal can be maintained with BER estimation versus BER target.
It is important to note, that when a UE is even near the condition of low windup, the potential BS power savings that can be achieved by utilizing RxDiv at the UE is minimal, since the transmitted BS power is so low anyway. Thus the possibility that erroneously switching off RxDiv under such conditions will degrade system capacity is negligible. 

3. Services Requiring Low BS Resources Over HSDPA

HSDPA may be used for services which require low BS resources. By low resources we mean a small number of channelization codes and low Modulation and Coding Scheme (MCS). 
An example is Voice over IP (VoIP), where a voice packet will be sent every 20 mSec to the UE. Such a case is discussed, for example, in [4] where either 365 bits are transmitted every 20 mSec, or bundling 2 voice packets to 699 bits every 40 mSec is performed. In the first case, 1 channelization code will be used with QPSK modulation and code rate 0.38, and in the second case, 2 channelization codes will be used with QPSK modulation and code rate 0.36. 
In this type of scenario, the BS and the UE will not gain anything from improving reception quality beyond that required for this MCS (about 3 dB in AWGN for the worse case above), as there is no more data to send to the UE. 
To take advantage of such conditions we suggest the following:
· When the UE is aware of the fact that it only requires low BS resources in HSDPA (e.g., by higher layer signalling), it should attempt to identify whether RxDiv can be switched off without affecting performance.
· More specifically, the UE may measure its Channel Quality Indication (CQI) and compare it to the CQI required by the service:
If ((Average CQI > Required CQI+Threshold1) and both receivers are enabled) switch to single receiver.
If ((Average CQI <= Required CQI+ Threshold2) and only one receiver is enabled) switch to dual receiver. 
This condition may be checked by either the UE or the BS as both are aware of the CQI and MCS. Note that the CQI is directly determined based on the SIR conditions.
Taking the decision by the BS and signaling it to the UE requires additional signaling to turn the RxDiv on and off. However, it can further help the UE reduce its power, since the BS may signal the UE to turn off RxDiv if it does not intend to send data to the UE, either since it has no data for transmit or due to scheduling priorities. Furthermore, the BS can compare the reported UE CQI to the downlink transmission demands that it is aware of, and signal the UE to switch off RxDiv even when resource requirements are not low, but reception quality is more than sufficient anyway. Of course the base station will need to utilize Threshold1 to take into account the expected CQI reduction from switching from RxDiv to single-antenna reception. 
This will enable the following suggestion:
If (BS does not intend to send data to the UE for a while or reception quality is sufficient for current downlink transmission requirements) signal the UE to switch to single receiver.
If (BS intends to send data to the UE or reception quality is not sufficient) signal the UE to switch to dual receiver.
Note that in CPC mode the BS already signals the UE DRX activation and de-activation commands through HS-SCCH orders. A similar mechanism could be used to enable the base to direct the UE to switch on/off RxDiv.
A major advantage of having the BS drive the RxDiv switching at the UE is that the BS can better take into account the potential advantage to the network of reducing the HSDPA transmit power. This BS transmit power savings can benefit the network either in terms of interference reduction or in terms of increased power resources for other users/services. If the BS HSDPA transmit power to the UE is already at minimum or the transmit power is so low that the BS power savings will be negligible (e.g., relative to total BS transmit power), then the BS can signal the UE to switch off RxDiv. 
It should be noted that taking an autonomous decision at the UE has the advantage that the UE can verify that the single-receiver CQI will be sufficient to support the required SIR of the service. On the other hand, it is more difficult for the UE to take into account the potential HSDPA downlink BS power savings that can be achieved to the UE with RxDiv active.
4. HSUPA Downlink Channels
The HSUPA downlink channels utilize high spread factors and a large amount of repetition. Thus the required transmit power needed to support even users at the cell edge is very low. If power control is supported for HSUPA downlink channels, then the transmit power needed for a near-site user (e.g., a user in DCH low windup) would be even lower, and utilizing RxDiv would provide no significant BS power savings. If power control is not supported for these channels, then a near-site user should have no problem with single-antenna reception. Therefore, we do not believe that reception of HSUPA downlink channels should limit the ability to switch off RxDiv at the UE. 
5. Conclusions
In this contribution, we looked at possible scenarios where the UE can benefit from switching off the diversity receiver branch without sacrificing any network resources, leading to improved battery life. 
One scenario identified is a UE receiving dedicated channels under low windup conditions. Switching off RxDiv in this case does not impact base station resources or overall system capacity, but it does yield substantial UE battery life savings. The additional use of a BLER target was also shown to avoid problems during performance requirements testing of Type 1 receivers. As was noted, even when the UE is near a low-windup condition the base station transmitted power is very low; thus small errors in identifying when to switch off RxDiv would yield negligible impact on system capacity.  
Another important scenario identified here was a UE receiving a low resource HSDPA service. Considering the potential popularity of VoIP, it may be very desirable to enable dynamic reconfiguration in such a scenario. Either higher layer signaling or HS-SCCH orders (similar to those used for CPC) may be used to implement this feature, along with the comparison of measured CQI against required CQI. If the dynamic reconfiguration is directed by the BS, the switching off of RxDiv could even be enabled for high-resource scenarios where the UE CQI is more than sufficient to support the MCS desired by the BS for downlink transmission.  
It should be stressed that in order for the UE to turn off RxDiv, the conditions for doing so would need to be satisfied for all services currently relevant for the UE.

Considering the points discussed in this contribution, we think that consideration should be given to expanding the Dynamic Reconfiguration Study Item to examine scenarios in addition to that of MBMS. 
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