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1. Background

In [1], presented in RAN4#39, Nokia raised some questions about whether there were opportunities for a UE which supports enhanced performance requirements to dynamically reconfigure its receiver, when it detected that radio conditions were favourable. One example of such a reconfiguration could be switching off one receiver branch of a receive diversity UE when the UE considered that conditions were sufficiently good that receiver diversity was not required.
During the discussion of [1], there was a general consensus that such reconfigurations would be risky, since the UE may not have available to it all the necessary information to make such a decision. One example that was given was the case of HSDPA, where the scheduler may wish to perform opportunistic scheduling to a UE that is in very good radio conditions. The possibility for such opportunistic scheduling would be dependent on the UE using its maximum possible receiver performance, even though radio conditions might not be challenging. Similarly, the potential throughput benefits offered by MIMO could be jeopardised by a UE which reduced its performance in good radio conditions. As a result, the general conclusion of the discussions was that this is an area which needs to be handled with caution, to ensure that the system benefits expected from using advanced receivers with enhanced performance requirements are to be fully realised.
Nevertheless, some opportunities for such optimisations were identified in RAN4#39, and as a result we believe that this is an area whether further study and work would be beneficial. One such example, where a UE reducing the performance of its receiver does not have impact to other users, occurs when the UE is receiving common channels, such as MBMS. Indeed, during the adhoc discussions on MCCH performance with receive diversity, it was noted that defining receive diversity performance requirements for the MCCH could have a rather negative impact on standby time of UEs with receive diversity, unless such UEs were also able to power off one of the receive branches in conditions when the MCCH could be received easily with a single receiver.

To study this issue further, Nokia has focussed on the receive diversity MBMS scenario as an example of one situation in which the UE could be able to opportunistically reduce its power consumption when conditions allowed, without impact to the overall system performance. We have developed some basic simulations of the scenario, which are certainly far from complete, but which are presented here to try to give some insight into ways in which the problem could be studied in RAN4, and to stimulate further discussion on the topic.

2. Simulation methodology

Detailed simulation assumptions are given in annex A.  The example scenario is that a receive diversity capable UE seeks to power off one of its receive paths when radio conditions allow. Hence, it could be expected to switch between performance curves for 1RX performance and 2RX performance dynamically according to its determination of the current radio conditions. Since the performance of both 1RX and 2RX rake for MBMS reception is already reasonably well understood in RAN4, the simulations in this paper concentrate on the measurements needed to support the switching decision. Figure 1 shows a block diagram of the general scenario; currently we have concentrated on the measurements and controller to support switching, since these are the new aspects. A complete study of the overall performance, would, however require the measurement/controller simulations to be integrated with the link level performance simulations.
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Figure 1 :Possible scenario for reduced performance mode simulations with a 2RX UE receiving MBMS services
a. Measurement modelling

Measurements available are assumed to the same as those used for other radio resource management operations, namely CPICH RSCP, RSSI and CPICH Ec/Io, although the possibility exists to use different averaging filters for the measurements compared to the filtering which is normally performed for other RRM purposes. Measurements are assumed to be made by the UE every 10mS, and the duration of the measurement is the entire 10mS period. So, for example, a single RSSI measurement represents the average value of RSSI over a 10mS period. Further averaging of these individual measurements may be performed. The radio channel is assumed to be fading, further details of the fading profile used are given in Annex A.
In the case where the UE is receiving from both antennas, the RSSI and CPICH RSCP are averaged over both antennas to compute the combined measurement. Additionally, individual measurements are assumed to be possible on a single branch when both receivers are enabled. If only one receive path is currently switched on, then measurements can only be made on the currently enabled receive path.

b. Reference controller

The controller could be expected to be a rather proprietary part of UE implementation. However, to allow simulation, a rather simple reference controller was used. The reference controller was simply as follows:-
If CPICH_Ec/Io < Xboth  and only a single receiver is enabled then enable both receivers

If CPICH_Ec/Io > Xsingle  and both receivers are enabled then switch off the receiver with the lowest CPICH Ec/Io

The thesholds Xsingle and Xboth provide for hysteresis, such that the UE can avoid excessive switching between single receiver mode and dual receiver mode. Other performance metrics than CPICH Ec/Io could also be used in UE algorithms to perform switching decisions, for example, signal to interference ratio (SIR) of the SCCPCH carrying MBMS.  However, as previously noted, the simulation model did not include a full link level simulation, so there are not explicit measurements of the SCCPCH receive signal available. For the time being, using CPICH measurements to predict SCCPCH reception quality is not considered to be a major limitation, since SCCPCH is not power controlled, and there is a fixed power offset between SCCPCH and CPICH. In the case of performing soft or selective combining, the relationship between the CPICH measurements and the SCCPCH reception quality would be more complicated. It is expected, however, that the opportunities for performing opportunistic disabling of one receive branch when performing soft or selective combining would be limited, since the UE is reasonably close to the cell edge.
It is important to note that there is no possibility for this reference controller to switch directly from using receiver 1 only to using receiver 2 only. This is because there would be no measurements available on receiver 2 when only receiver 1 is enabled. Hence the only way that it is possible to change antenna once 1RX mode has been selected is for the quality to degrade to the extent that the UE returns to 2RX mode, then it may assess that the quality of the other antenna is such that it can switch back to 1RX mode, using the other antenna.

One problem which becomes apparent in this reference controller is how to set the thresholds Xsingle and Xboth. The setting of the threshold depends on the quality of service which is required from the MBMS service, and typically different MBMS services and applications may have different quality of service requirements, which are not known to the UE. One solution to this problem would be to signal information about desired quality of service from UTRAN. For example, MBMS or other common transport channels could have a BLER target associated with them in the same way as dedicated transport channels have today. Thresholds for entering and leaving reduced performance mode may be determined from the BLER target. For the purposes of simulation, Xsingle=-12dB and  Xboth=-14dB were used, however it should be noted that these are completely arbitrary thresholds.
c. Simulation scenario

The scenario which was simulated was using case 5 fading channel with a  UE velocity of 3km/h. Additionally, the simulation was started with Ior=-60dBm, Ioc=-70dBm giving a geometry of +10dB. Ior is reduced at a rate of 0.1dB per second as the simulation proceeds, so that after 200 seconds, Ior has been reduced to -80dBm, and hence the geometry is -10dB. This was intended to simulate a user moving slowly from good conditions where MBMS services might be adequately received with a single antenna into highly demanding conditions when both antennas should be enabled.
3. Simulation results

Figure 2 shows the Ec/Io measurements throughout the simulation. For the purposes of clarity, Ec/Io measurements for antenna 1, antenna 2 and combined Ec/Io are shown throughout the simulation, however, as previously noted, the antenna switching algorithm may make use of only the measurements which are available to it (for example if antenna 1 only is currently selected, then there is no possibility to use measurements from antenna 2, or any combined measurements). During this simulation, Ec/Io measurements are averaged over a 200mS period. The first 5 seconds of the Ec/Io measurements are shown in figure 3, which shows that variation of the measurement due to fading can still be seen even with the 200mS averaging filter.
Figure 4 shows the corresponding output of the antenna selection algorithm, which takes values 1 or 2 if antenna 1 or antenna 2 only is selected, and takes value 3 to indicate that both receivers are enabled. In the beginning of the simulation (G=+10dB) the antenna selection algorithm switches to 1RX mode, using antenna 1. After approximately 80 seconds (corresponding to G having reduced to approximately 2dB), the antenna selection algorithm selects 2RX mode only.  In simulation times between 30s and 80s, the antenna selection algorithm is typically making use of 1RX mode, however it can be seen that it sometimes switches to 2RX mode, spending increasing amounts of time in 2RX mode as the geometry degrades (eg after 60s into the simulation).
During this middle phase of the simulation, the receive diversity switching algorithm can be regarded as attempting to track the short term fading conditions. Hence the algorithm may switch to 2RX mode when the UE enters a deep fade, and switch to 1RX mode when conditions allow. Since the switching algorithm has no knowledge of conditions on the other antenna when it is operating in 1RX mode, it often happens that the UE switches from 1RX mode to 2RX mode when the current antenna is in a deep fade, but because the other antenna is not in a fade at this point in time, it then almost immediately selects the other antenna and returns back to 1RX mode, even with the 2dB hysteresis that was included in the Xsingle=-12dB and  Xboth=-14dB thresholds. Therefore it seems that the switching algorithm provides an indirect way of operating in 1RX mode but attempting to track the best receiver branch via brief periods of 2RX activity. Such behaviour could be increased by reducing the measurement averaging filter length, reducing the hysteresis, or even deliberately switching to 2RX mode periodically, even when the Xboth threshold condition is not satisfied, just to check if the antenna which is not currently selected provides something better than the currently selected antenna.
The extent to which the UE may attempt in this way to track fading conditions also depends on what delays are involved in enabling and disabling receiver branches. It may also be that the UE is only attempting to follow the long term radio conditions, in which case a longer averaging filter may be used with the Ec/Io measurements. Figure 5 shows a rerun of the simulation scenario, but with the averaging filter length increased to 500mS, and the hysteresis in switching increased to 4dB (Xsingle=-11dB and  Xboth=-15dB). As expected, this gives a much cleaner switching between 1RX and 2RX mode. However, it should be noted that this is at the expense of additional delay in responding to changing conditions, and may result in increased degradation 
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Figure 2: Ecflo measurements during simulation
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Figure 3: Eo/lo measurements dusing first 3 seconds of simulation
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Figure 4: Antenna selection decision during simulation
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Figure 5 Antenna selection decision during simulation with increased
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4. Conclusions

Whilst the simulations presented are very preliminary, and do not include link level results, we believe that the have illustrated a number of interesting issues which could be studied further.
Firstly, the simulations have illustrated the difficulties in deciding on suitable switching thresholds for this MBMS example case, when the target quality of service is unknown to the UE. An MBMS service which was targeted to have a 10% error rate could probably tolerate a much more aggressive switching than a service targeted to 0.1% error rate without noticeable user impact. We believe that such an issue could be solved by introducing a concept of target error rate into the signalling for common channels. If the UE recognised that it was operating in an environment where the actual performance was better than the signalled target, then it would be able to disable receiver hardware, without noticeable impact to the MBMS quality of service.
Another aspect which might be considered in RAN4 is that the simulation model has a number of parameters which control the performance of the switching algorithm. In the case of the algorithm presented, these are hysteresis and filter delay. While we have not been able to provide full link level simulation results using this algorithm, we would expect that such parameters would have some impact to the overall link level performance. Hence we believe that some 3GPP standardised performance requirements for these kind of switching algorithms could be desirable to ensure that UEs which support enhanced performance requirements on common channels do so in a reasonably consistent way, and provide the benefits that are expected of them in real life scenarios.

As the switching algorithm has a strong impact to UE power consumption, we do not believe that 3GPP should mandate in detail exactly how the switching algorithm should work, and scope for innovative solutions from UE manufacturers needs to be left. However, if the concept of a signalled quality target for common channels were introduced, then it could be possible to generate requirements scenarios around the signalled quality target in the same way as has been done previously for outer loop power control targets in RAN4.
As both of the issues raised by the initial simulations would require further study in 3GPP, both in RAN2 and in RAN4, and based on the guidance that issues that impact more than one working group cannot be studied under the TEI work item, Nokia proposes to present a work item in RAN#33 to study the opportunities for such optimisations in more detail. We would be interested in views of other companies on how best to proceed with this issue, and we could perhaps begin some preliminary offline discussions on how the scenarios could be simulated during this RAN4#40 meeting
MBMS services have been used as an example to study in the simulations that have been performed so far. This is because currently MBMS is the only service provided on a common channel where work is ongoing to develop enhanced performance requirements. However, the opportunities for reducing UE receiver performance in favourable conditions when receiving common channels are somewhat independent of whether enhanced performance requirements have been defined for those common channels. For example, a UE manufacturer could choose to use 2RX to receive other SCCPCH transmissions (eg FACH) and could apply similar techniques to those outlined to reduce the power consumption. So we believe that while MBMS provide a good example case to study, the future work in this area might have a scope which goes beyond MBMS and can be extended to cover all common channels where the indivdial UE switching decision does not have an impact at the overall system level.
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Annex A : Simulation Assumptions
	UTRAN carrier frequency
	2140MHz

	Neigbour cell information
	Single radio link, no neighbour cells simulated

	Ior
	-60dBm initially, reducing at a rate of 0.1dB/s as simulation proceeds

	Ioc
	-70dBm

	CPICH_Ec/ Ior
	-10dB

	SCCPCH_Ec/ Ior
	-8dB (no impact to the results presented)

	Fading profile
	Case 5, 3km/h

	Antenna correlation
	Uncorrelated

	Measurement model
	Ideal measurements of RSSI, CPICH Ec/Io and CPICH RSCP are computed from channel taps every 1mS. These 1mS measurements are linear averaged over a 10mS period to provide a new measurement sample every 10mS

	Measurement filtering
	Measurement every 10mS is filtered in the dB domain using a sliding average window. Averaging period 200mS or 500mS depending on simulation scenario

	Antenna selection algorithm
	If CPICH_Ec/Io < Xboth  and only a single receiver is enabled then enable both receivers
If CPICH_Ec/Io > Xsingle  and both receivers are enabled then switch off the receiver with the lowest CPICH Ec/Io



	Xboth
	[-14dB,-15dB]

	Xsingle
	[-12dB,-11dB]
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