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1. Introduction

Further to the discussion in RAN4#44bis on receive diversity measurement definitions with unequal antenna gains, we have performed some link level simulations to gain further understanding of the issues involved. The purpose of this document is to present results, and discuss a suitable way forward.

2. Simulation assumptions

Table 1 shows simulation assumptions used. All of the scenarios simulated were at low signal level (Ior=-104dBm) since the previous discussions in RAN#37 and RAN4#44bis indicated that one concern with the existing linear average definition was when the UE reached the edge of coverage. It is clearly desirable that the dual antenna UE does not go out of coverage or perform handover to GSM earlier than would happen with a single antenna UE. This could happen with linear average definition if there was a large antenna gain mismatch as has been previously noted.

Four different antenna measurement schemes were simulated, corresponding to ones that have been discussed in RAN4 previously. For the scheme of selecting the best antenna which is proposed in [1] at least for the Ec/No case, the evaluation time for deciding which antenna has the largest measurement was not specified, but 200ms was chosen, since it seems a reasonable implementation decision to perform this evaluation after L1 filtering, and prior to L1 reporting to the higher layers. Of course, such evaluation could also be done prior to L1 filtering.

 Previous discussions in RAN#37 and RAN4#44bis indicated that one concern with the existing linear average definition was when the UE reached the edge of coverage. It is clearly desirable that the dual antenna UE does not go out of coverage or perform handover to GSM earlier than would happen with a single antenna UE. This could happen with linear average definition if there was a large antenna gain mismatch as has been previously noted.

Four different antenna measurement schemes were simulated, corresponding to ones that have been discussed in RAN4 previously. For the scheme of selecting the best antenna which is proposed in [1] at least for the Ec/No case, the evaluation time for deciding which antenna has the largest measurement was not specified, but 200ms was chosen, since it seems a reasonable implementation decision to perform this evaluation after L1 filtering, and prior to L1 reporting to the higher layers. Of course, such evaluation could also be done prior to L1 filtering.
Table 1 : Simulation assumptions`
	UE speed
	3km/h except where otherwise noted (0.3-120km simulated)

	Fading
	Flat fading Doppler profile, uncorrelated on each RX branch

	Simulation duration
	200s

	L1 measurement filtering
	200ms average

	L3 filtering
	Not applied

	L1 "best" antenna evaluation period
	200ms

	Antenna 1 gain
	0dB

	Antenna 2 gain
	[0dB,-2dB,-10dB]

	Carrier frequency
	2140MHz

	UE noise floor on each antenna
	-99dBm

	Ioc
	-99dBm

	P_CPICH_Ec/Ior
	-10dB

	Ior
	-104dBm => G=-5dB

	Nominal RSCP (derived)
	-114dBm

	Nominal Ec/Io (derived)
	-18.6dB

	 
	 

	Measurement schemes
	1) Measurements on antenna 1 only

	 
	2) Linear average

	 
	3) Weighted linear average

	 
	4) "Best" antenna measurements


3. Results for equal antenna gains

Figure 1 and 2 shows CDFs of RSCP and Ec/Io for the case of equal antenna gain, and 3km/h UE speed
Figure 1: RSCP, equal antenna gain, and 3km/h UE speed
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Figure 2: Ec/No, equal antenna gain, and 3km/h UE speed
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In this case, all of the CDFs show rather similar measurements. Unweighted and weighted linear average are completely equivalent, since the antenna gains are equal and hence weights [0.5,0.5] would be used in the weighted average. The variance of the single antenna measurements is slightly greater than the weighted/unweighted average, and the mean Ec/Io (and RSCP) of the “best” antenna method is slightly greater (by about 0.6dB). These effects are examined in greater detail in the next simulation results.

Figure 3 and 4 shows CDFs of RSCP and Ec/Io for the case of equal antenna gain, but with lower UE speed of 0.3km/h. This may represent the case of a user in nearly static conditions, but perhaps moving around very slightly during the call.

Figure 3: RSCP, equal antenna gain, and 0.3km/h UE speed
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Figure 4: Ec/No, equal antenna gain, and 0.3km/h UE speed
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In this case, it can be seen that there is a clear benefit to measurement accuracy of taking the signal on both antennae into account in some way, either with averaging, or by using the “best” antenna technique proposed in [1]. This reduces the tail of very low measurements which is seen in the single antenna case. Although it was stated in RAN4#44 that network operators cannot take advantage of more accurate measurement reports by changing the signalled network parameters, it would still appear that by reducing the probability of very low measurements, the user experience may be improved by reducing the chance of a dropped call or ping pong to another system. We note that in these near static conditions, exploiting the spatial signal starts to become a more effective technique than additional time domain averaging, due to the very long time durations that would be needed to completely remove the effects of fading.

Additionally, the increase in the “best” antenna estimate of RSCP and Ec/No over the nominal values of the measurements has started to become more significant (around 1.3dB). In the next section, we examine the speed dependency of the “best” antenna measurement, still for the equal antenna gain case. 
4. Speed dependency of “best” antenna (equal antenna gains)
In this section, the simulated UE speed was varied between 0.3 and 120km/h. Only the “best” antenna scheme was simulated, because other schemes showed a mean measurement estimates which are almost identical to the nominal measurement at both 3km/h and 0.3km/h, as would be expected.

Figure 5: Speed dependency of best antenna based measurements
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It can be seen that at low UE speeds (below about 3km/h) the increase of the measurements over the nominal results starts to become somewhat significant. This could be predicted because 3km/h corresponds to approximately 5Hz Doppler frequency. This is comparable with 1/200ms, which was the evaluation time simulated for choosing which antenna was giving the best measurements. As such, if a different evaluation period were used, then the breakpoint below which measurements are significantly boosted could be different to that shown in figure 5.

Finally, we would note that this boosting of measurements does not represent the demodulation performance gain of receive diversity and is only dependent on the evaluation time used to determine which is the best antenna.  

5. Results for moderate antenna gain mismatch

Having studied some basic characteristics of the different measurement proposals with equal antenna gains, we now move to consider cases with gain mismatch between antennas. The first case which is considered is a relatively minor mismatch of 2dB. Similarly to the equal mismatch case, all CDFs are similar. In this case, the increase in Ec/Io and RSCP using the “best” antenna definition has become less significant, because the “best” antenna measurement is now biased more towards the antenna with higher gain.
The linear average and the weighted linear average are no longer equivalent, and the Ec/Io estimated by the unweighted linear average is approximately 0.4dB below the nominal value. This is a practical illustration of the issue which has previously been discussed, for example in [2].
Otherwise, there does not seem to be a very significant difference in the performance of the different measurement definition proposals.

Figure 6: RSCP, 2dB antenna gain difference, and 3km/h UE speed
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Figure 7: Ec/Io, 2dB antenna gain difference, and 3km/h UE speed
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5. Results for large antenna gain mismatch

In this section, 10dB antenna gain mismatch is simulated. The RSCP is shown in figure 8 and the Ec/Io is shown in figure 9.

Figure 8: RSCP, 10 dB antenna gain difference, and 3km/h UE speed
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Figure 9: RSCP, 10 dB antenna gain difference, and 3km/h UE speed
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In this case, the unweighted linear average gives significantly lower measurement results than the nominal value, as would be expected. All the other proposals (weighted average, best antenna and single antenna measurements) give nearly identical measurements. This is not unsurprising since in this case all of these proposals essentially base the reporting completely on the signal from the higher gain antenna. 

This suggests that if the UE designer knew that there was a 10dB difference in gain, the additional complexity of implementing weighted linear averaging or best antenna evaluation would not be justified, since it would be known in advance that the measurements from the lower gain antenna were unlikely to contribute in any significant way to the overall result.

5. Overall summary

From the results presented, it seems that there is no single measurement definition is clearly better than the others in all scenarios. 

· Linear average works well if the antenna gains are nearly equal, and provides a good way to reduce the variance of the measurements, especially at low speed  by using spatial averaging in this scenario

· “Best” antenna evaluation provides a similar reduction in the variance of measurements in this equal antenna gain case, but can give a positive bias to the measurements compared with the nominal value. The speed below which this bias may become significant would be UE implementation dependent.

· As the difference between the antenna gains start to become significant, unweighted linear average starts to introduce a negative bias compared to the nominal measurements. Weighted averaging, or “best” antenna evaluation are both viable ways to avoid this bias.

· If the difference between antenna gains is very significant, for example 10dB, then it seems to be reasonable for the UE designer to decide which antenna will be “best” a-priori and there is nothing to be gained by using real time evaluation of which antenna is best, or weighted averaging, although these are not harmful either. The only measurement definition which should be avoided in this case is the unweighted linear average.
6. Possible way forward

All of the proposals which have been suggested or proposed could be regarded as linear combinations of the measurements on each receiver branch of the form
M=k1 M1 + k2 M2
Where k1 and k2 have values as follows:
1. Unweighted Linear average : k1 = k2  = 0.5

2. Weighted Linear average : k1  and  k2  are set by the UE designer

3. Best antenna evaluation : UE adapts k1 and  k2  according to the measured results. Either k1 = 1.0 and  k2  = 0.0  or k1 = 0.0 and  k2  = 1.0 depending on which antenna is best in any given evaluation period

4. Basing the measurements on a fixed “best antenna” : Either k1 = 1.0 and  k2  = 0.0  or k1 = 0.0 and  k2  = 1.0 depending on which antenna the designer chooses as the best.

Given this framework, we propose that one way forward would be to add an informative note to 25.215 indicating that implementations should perform some kind of generic “weighting” of the linear average to compensate for antenna gain mismatch. All of the implementations 1-4 can be regarded as different weighting in this context, and there are probably also some other viable ways of choosing the weights k1 and k2, depending on what information is known in advance about the antenna configuration of the UE.
Since this in itself is not sufficient to guarantee that measurements are equivalent to the single antenna case, there also needs to be some text within the note which indicates the intention to provide measurement reports which are no lower than those which would be obtained from any single antenna. The important thing is that 25.214 should not mandate a particular choice or algorithm for selecting the weights k1 and k2 since this is an aspect of UE implementation. 

In all cases there is an important additional constraint to have k1 + k2  = 1, so that measurement definitions, for example, based on linear sum are not used. This aspect is already enforced by the RRM test cases that are currently defined, so we do not believe that anything further needs to be done in 3GPP specifications to guarantee this aspect.
A text proposal for this note is shown below. 

----------------text omitted------------------

5.1.1
CPICH RSCP

	Definition
	Received Signal Code Power, the received power on one code measured on the Primary CPICH. The reference point for the RSCP shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received code power from each antenna shall be separately measured and summed together in [W] to a total received code power on the Primary CPICH. If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of received code power of all diversity branches separately measured.
Note: If receiver diversity is in use by the UE and it is known that the antennae have different gains, then it is expected that the UE compensates for the difference by using weighting in the linear average. The weights may either be fixed, or calculated by the UE. The long term average of measurement results obtained this way should not be lower than corresponding results obtained using any of the used RX antennae as a single receive antenna.

	Applicable for
	Idle,

URA_PCH intra, URA_PCH inter,

CELL_PCH intra, CELL_PCH inter,

CELL_FACH intra, CELL_FACH inter,

CELL_DCH intra, CELL_DCH inter


----------------text omitted------------------

5.1.3
UTRA carrier RSSI

	Definition
	The received wide band power, including thermal noise and noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter. The reference point for the measurement shall be the antenna connector of the UE. If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches.
Note: If receiver diversity is in use by the UE and it is known that the antennae have different gains, then it is expected that the UE compensates for the difference by using weighting in the linear average. The weights may either be fixed, or calculated by the UE. The long term average of measurement results obtained this way should not be lower than corresponding results obtained using any of the used RX antennae as a single receive antenna.

	Applicable for
	CELL_DCH intra, CELL_DCH inter


----------------text omitted------------------

5.1.5
CPICH Ec/No

	Definition
	The received energy per chip divided by the power density in the band. The CPICH Ec/No is identical to CPICH RSCP/UTRA Carrier RSSI. Measurement shall be performed on the Primary CPICH. The reference point for the CPICH Ec/No shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received energy per chip (Ec) from each antenna shall be separately measured and summed together in [Ws] to a total received chip energy per chip on the Primary CPICH, before calculating the Ec/No. If receiver diversity is in use by the UE the reported value shall be equivalent to the linear average of the received Primary CPICH energy per chip (Ec) of all diversity branches measured separately. For No, the linear average of the power density values in the band of each receiver shall be used for calculating the Ec/No.
Note: If receiver diversity is in use by the UE and it is known that the antennae have different gains, then it is expected that the UE compensates for the difference by using weighting in the linear average. The weights may either be fixed, or calculated by the UE. The long term average of measurement results obtained this way should not be lower than corresponding results obtained using any of the used RX antennae as a single receive antenna.

	Applicable for
	Idle,

URA_PCH intra, URA_PCH inter,

CELL_PCH intra, CELL_PCH inter,

CELL_FACH intra, CELL_FACH inter,

CELL_DCH intra, CELL_DCH inter


----------------text omitted------------------

7. Conclusions

Simulation results have been presented to try to provide a more quantitative analysis of the proposals that have been previously presented in RAN4#44bis. Based on the results, we believe that all of the 2RX measurement methodologies which have been discussed in RAN4 previously have some merit, depending on the scenario, and we believe that 3GPP should not mandate that one of these proposals must be used. Rather we believe that within certain constraints, this should be an implementation issue. The important constraints appear to be

· That the measurements in a dual receiver UE are not lower than they would be if it were using one receiver only

· That the conducted RRM test cases as currently defined in 25.133 are passed by a 2RX UE

The intention of this set of constraints is to ensure that a UE with multiple receivers has measurement estimates which are neither significantly lower, or significantly higher than the equivalent single receiver measurements, while at the same time allowing for the possibility that UEs which are able to make use of the measurements on each antenna to reduce the variability of their measurements via some form of combining of the spatially separate measurements.
A text proposal to add a note to 25.215 has been presented which should address the first of these constraints. We belive the second constraint is already covered by 25.133. We welcome feedback on this approach.
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