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1. Introduction
In this document, we present results of a simulation study intended to investigate the feasibility of switching off one receiver branch of a UE which has 2 RX Rake receivers when radio conditions allow. The study performed consisted of dynamic system level simulations of MBMS point to multipoint transmission. This scenario has previously been considered a favourable one for dynamic receiver reconfiguration within RAN4 [1,2] as there are no scheduling or power control feedback issues, and other users of the system should not be heavily impacted by dynamic reconfiguration of a particular UE. However, there is still the possibility that the MBMS service coverage area could be impacted by individual user switching decisions, and the intention of this study is to examine MBMS coverage when a population of UEs implement dynamic receiver reconfiguration.
2. Simulation method and parameters

MBMS dynamic system level simulations were carried out in wrap-around scenario with 7 Node Bs each with 3 sectors, giving 21 sectors in total. Site to site distance was 2800 meters and modified Vehicular A propagation conditions were considered. The duration of each MBMS session was set at 20 seconds and during each session there were 600 active terminals, all of which were receiving MBMS services. The total simulation time was set to 360 seconds, which meant that there were 360 s / 20 s = 18 separate MBMS sessions during the simulation. Total number of sessions during the whole simulation is 18 sessions * 600 active terminals = 10800 sessions. Simulation parameters that are varied in these simulations are shortly listed in Table 1.

Table 1. Main simulation parameters.

	Simulation parameter
	Values

	Combining schemes
	Soft combining

	Receivers
	Rake 2Rx reconfigured as Rake 1Rx in suitable conditions

	Channel models
	Modified Vehicular A

	UE speed
	3 km/h

	Maximum number of radio links for combining i.e. maximum combining set size
	3

	Combining related thresholds parameters  for combining set management
	Threshold for adding cell to combining set : 4dB below best cell
Threshold for removing cell from combining set : 6dB below best cell

	Network synchronization between node-Bs
	Ideal 

	Rx diversity switching thresholds
	[-4,-9]dB
[-6,-11]dB
[-7,-12]dB

	C/I averaging
	40, 120 and 200 ms 

	Scenario
	Wrap around

	Number of Node B
	7

	SCPCCH_Ec/Ior
	-11dB

	Number of sectors per node B
	3

	Site to site distance
	2800m

	Duration of each MBMS session
	20 s

	Number of active users during each MBMS session
	600

	Simulation duration
	360 s

	Number of MBMS sessions received by each MBMS user during the simulation
	360 / 20 = 18

	Total number of MBMS sessions simulated
	18 * 600 = 10800


3. Modelling of RX diversity switching

The purpose of antenna switching is to turn off one rake receiver branch of a 2RX rake UE in good channel conditions to reduce UE power consumption. In order to track channel conditions a UE estimate of carrier to interferer ratio (C/I) in every slot was calculated. If both UE antennas are switched on then C/I is also calculated based on both antennas and if only one UE antenna is enabled, then C/I is calculated based on that receiver branch only. The slot wise C/I values were averaged with sliding window filter. Different window lengths were used in simulations to study the optimal window length for this scenario.
Switching thresholds were used as follows to determine if the receiver should be dynamically reconfigured

If average C/I > switching threshold1 then reconfigure to single receiver

If average C/I < switching threshold2 then reconfigure to 2RX rake

If switching threshold2≤ average SINR ≤ switching threshold1 then make no change to receiver configuration

The difference between switching threshold1 and switching threshold2 represents hysteresis, which is typically applied to prevent excessive reconfigurations when the C/I ratio is close to the switching threshold.
The modelling of RX diversity switching is illustrated in figure 1. In figure 1, when the average C/I goes above the -3dB threshold, the terminal switches to single antenna mode. Typically this causes a drop in average C/I (because C/I calculation is now based on single antenna). If the average C/I drops below the -7dB limit, the UE is reconfigured to use both receivers, which typically causes an increase in C/I (as it is calculated using both receiver paths). Hence the algorithm could be viewed to an extent as attempting to maintain the C/I between -3dB and -7dB.  It is of course possible that a UE is unable to achieve -7dB average C/I even if it is configured to dual receiver mode, and it may exceed -3dB C/I using a single receiver.
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Figure 1 : Illustration of switching algorithm
Figure 2 illustrates the filtering of slotwise C/I to give a longer term average suitable for switching. In this figure, 200ms averaging period was used. As can be seen, this introduces delay to the switching decisions, but is helpful in ensuring that receiver is not reconfigured excessively. Other averaging windows are compared to this 200ms window in the simulations which will be presented, to study how much C/I averaging is appropriate.
[image: image2.png]MBMS, Vehicular A, Max combining set size 1

L

—— C/l filtered [dB]
—C/I[dB]
— No of Rx antennas

Rx Switching limit 1
Rx Switching limit 2

]

(-





Figure 2 : Slotwise SINR filtered over 200ms window to give average SINR
4. Results

Figure 3 shows the CDF of SINR for various scenarios including 1RX, 2RX without switching, and 2RX with different switching thresholds. The lower the switching threshold, the more aggressively the UE should be regarded as attempting to save power.

From figure 3, it can be seen that at low SINR, the CDF of the simulations where switching is allowed is close to the 2RX CDF without switching.  Hence at low SINRs the UEs capable of switching are behaving very similarly to 2RX UE that does not perform any switching. Conversely, at high SINR the behaviour of the switching UEs is very close to that of a 1RX UE. The C/I threshold used determines the breakpoint where the switching UE CDFs depart from the 2RX performance curve.
In figure 4, statistics on how much time UEs spend configured to use 1RX and 2RX is presented. In this figure, number of antennas used is measured over a single MBMS session, with a value of 1 indicating that 1RX was used for the entire duration, and a value of 2 indicating that 2RX was used for the entire MBMS session. For the least aggressive switching thresholds [-4,-9] dB, the figure indicates that most users are using both receivers for quite a lot of time. For example, only approximately the best 10% of MBMS sessions have an antenna usage value of lower than 1.8. As expected, more sessions are performed with lower antenna usage when more aggressive thresholds are taken into use, and for the most aggressive threshold corresponding to [-7,-12] dB some 50% of MBMS sessions have an antenna usage figure of less than 1.2. This indicates that for this threshold, a significant proportion (e.g. 50%) of the MBMS users would be expected to be experiencing worthwhile power saving. Indeed some 20% of MBMS sessions are performed with only one antenna used.
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Figure 3 :  SINR cumulative distributions for 1RX UEs, 2RX UEs and UEs that implement switching with various C/I
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Figure 4 :  Antenna usage statistics for UE which support dynamic receiver reconfiguration between 2RX and 1RX at different C/I  thresholds.
Having established that at least for the more aggressive switching thresholds’ there are significant power saving opportunities being offered to a significant number of users, it remains to consider whether MBMS coverage is adversely impacted by the reconfigurations.
Coverage is presented in figure 5. An MBMS session is considered satisfactory if the BLER during the 20s period is better than the quality target. Both 1% (figure 5) and 10% quality targets were simulated. For 1% quality target, and the given SCCPCH_Ec/Ior level (-11dB) approximately 99% coverage is achieved when all users have 2 RX rake receiver. For all but the most aggressive switching schemes, figure 5 shows that overall MBMS coverage is virtually unaffected by the switching, except when the most aggressive switching thresholds are used [-7,-12]dB and even then, only when rather long C/I filtering is performed. From the system level studies it appears that long sliding window filtering of the measurements used to support RX diversity reconfigurations introduces additional delay, and degrades performance without giving any other significant benefit.
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Figure 5 : Coverage with different RX switching thresholds and C/I averaging window length (1% target for MBMS session BLER)
Figure 6 shows the spatial distribution of users making use of two receivers. This provides some insight that there is not a sharp boundary between areas where 2 RX configurations is never required and areas where 2RX configuration is always required. Such intermediate behaviour, where 2RX configuration is sometimes required to achieve the necessary performance is also seen in our link level results[3].  Nevertheless, users who are close to the node B make much less use of the 2 RX configurations, as expected. The switching thresholds used to generate figure 6 were [-6,-11]dB.
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Figure 6 : Number of UEs who are using two receiver configuration at different spatial locations. Node B antenna directions are illustrated at the centre of the image.
5. Conclusions

In this series of simulations, it has been demonstrated that it is possible to achieve very similar coverage with an MBMS UE which reconfigures between 1 RX Rake and 2 RX Rake receiver, when compared to a UE which uses only 2 RX Rake receiver, provided that suitable switching thresholds and C/I filtering window are used. At the same time, antenna usage statistics indicate that there is the possibility for favourable users to spend a significant amount of time using the 1 RX Rake configuration, which suggests that there are definite power saving opportunities. We believe that the initial system simulation results indicate that dynamic receiver reconfiguration is indeed a feasible technique to reduce the power consumption relative to a UE using 2 RX Rake and that there can be a significant reduction in receiver activity without serious impact to MBMS coverage or quality of service. Hence the results seen in the simulations presented indicate that dynamic reconfiguration techniques are feasible for the scenario considered.
However, the system level results also indicate that there is the possibility of a reduction in coverage if the UE is too aggressive in its switching, or uses an inappropriately long filtering period for the measurements used to support switching (which implies increased delay in the switching decisions). This result is not surprising, since it is clear that a UE that was extremely aggressive in its switching would give performance very similar to a 1 RX rake in many situations, and it is also expected that long delays between making the measurements to support switching and performing the actual switching are undesirable. As with other aspects of UE performance which may have an impact to the overall system performance, Nokia believes that if such dynamic receiver reconfigurations are to be used in the future then requirements scenarios should be defined in RAN4. In this way, we believe that it is possible to ensure that UEs supporting dynamic receiver reconfiguration between 2 RX Rake and 1 RX Rake behave appropriately and offer a very similar level of performance overall to 2 RX Rake performance.
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