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Discussion
1.

Introduction
There has been lengthy discussions on the RSRQ measurement bandwidth triggered originally by [3]. Simulation assumptions were agreed in [1] and results have been provided by many companies. In last RAN4 meeting in Prague a way forward was agreed in [2].
In this paper we provide further simulation results where we consider once more a more realistic deployment scenario by adding more cells to the green tier. We analyse the impact of such addition on the collected statistics. Additionally we address the open topics listed in the [2] and use the further simulation results, based on realistic assumptions with non-zero power in the gap, to provide answers to the open issues.
2. Simulation and Simulation results
The simulations are based on the assumption listed in [1] and are similar to those used in our previous papers [4, 5] with one new scenario added with further details described in appendix A. In these simulations we have evaluated the impact of non-even interference to the RSRQ based event triggering while assuming different RSSI measurement bandwidths and deployments. More precisely it has been assumed that there are more cells that use the ‘wider’ system bandwidth e.g. more ‘green’ cells with either 10MHz or 20MHz system bandwidth. Simulations are done in fully loaded system.
Notice that we have been using non-zero power in the 6 PRB measurement gap assumed used by the UE for RSRQ measurements.

From the results in Figure 1 we observe that the impact from performing intra-f RSRQ measurements on the 6 center PRBs compared to using wider bandwidth is rather limited when evaluated under more realistic conditions of having non-zero power in the gap between the two inter-frequency carriers. Only in case of extreme RSRQ threshold setting we observe some noticeable difference.




 SHAPE  \* MERGEFORMAT 
[image: image1]
Figure 1 RLF for scenario 1 and scenario 2 for 10MHz with 0.5 MHz gap
Especially we can observe from the results that using 10MHz in the green tier with 2*5MHz in the white tier actually leads to the fact that the difference in observed performance from using wideband RSRQ measurements is rather limited. We can see that for scenario 1 the RLFs is only noticeable and at around 3-4% level when network is using RSRQ of -17dB. For scenario 2 we see even smaller increase in RLFs than in scenario 1 and looking at the relative increase in number of RLFs between using 6PRBs or larger for RSRQ measurements is very small. 
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Figure 2 RLF for scenario 1 and scenario 2 for 20MHz with 1.0 MHz gap
When considering the 20 and 12*10MHz we also observe that the impact of RSRQ measurement bandwidth is limited and importantly as well it can be seen that the actual bandwidth used for the RSRQ measurements (i.e. using 25 or 50 PRBs) seems not to impact on the result. Based on this observation we find it important to question what a proper RSRQ measurement bandwidth would be in this case. 
This leads to following observation:
Observation 1: Which actual RSRQ measurement bandwidth necessary for providing accurate enough solution would need to be investigated.

Based on this we therefore find it important to evaluate the solutions, their complexity and their impact on the UE e.g. in form of increased power consumption up against the identified problem, in order to limit the potential drawbacks of applying wideband RSRQ measurements.

3. Problem
As noted already, fundamentally the problem is amplification of variation in RSSI characteristics in certain special scenarios. Sensitivity of RSSI (as a component of RSRQ) for varying system load was also discussed when LTE RSRQ definition and use and used cases were first time discussed in RAN4 [6, 7]. As a result the RSSI measurement definition was updated to be restricted in time domain to those symbols carrying the reference symbols (seen Annex B).
Looking at the basic problem we notice that the actual problem arises when the UE is at the cell edge. Also the problem that has been analysed and for which we seek a solution is present in those cases where the UE is not able to detect intra-f neighbour cell. 

In addition – and as shown also shown in our earlier paper [4] it should be noted that the measured RSRP will not be affected in the described scenario.

Based on this information it would be possible to make rather simple rules when the UE should apply wider bandwidth RSRQ measurements and when this would not be needed. I.e. if the UE at a given RSRP threshold has not detected an intra-f neighbour it would need to apply wider bandwidth RSRQ measurements.
Observation 2: it is possible by applying rather simplistic rules to ensure that UE is only mandated to perform wider bandwidth RSRQ measurements when needed.

Based on this and on the fact that the network would be fully aware of the network layout, the network could use appropriate measurement configuration setting for RSRQ for handover evaluation.
The immediate impact of the changes in the RSRQ e.g. on the scheduling should be handled by normal CQI measurements and reporting which in addition can be used in network as input for further decision making in the handover evaluation.
Based on this discussion we see that one feasible way forward is to combine available information such as cell detection status and RSRP threshold, and use it in trying to define rules when it is necessary for the UE to perform wider bandwidth RSRQ - and also when it is not necessary. Only having wideband RSRQ mandated when indicated by network and under given conditions will enable maximum UE power savings options.
4. Discussion
As shown by simulations the impact of narrow band RSSI measurements is only visible in some limited cases which is most probably not regarded as a typical deployment scenario. Therefore care should be taken when discussing the solution such that we do not mandate overly strict minimum performance, i.e. wideband RSSI measurements to be applied in general.
In addition we need to consider the severity of the problem in terms of errors caused and the probability of these problems to occur when considering the solution. We consider the problem to be a problem limited to some particular network scenario and therefore we see the complexity of the solution applied to solve the problem under discussion should be low and with limited UE impact. In that sense we do not see a need for introducing new measurements methods as proposed in by some companies [8, 9]. Investigation of such methods if needed are likely not possible within Rel-11 timeframe.
Solutions based on existing methods should therefore be preferred and investigated instead of introducing new. One such approach is mentioned above where a simple rule is defined when the UE would need to apply wider bandwidth RSRQ/RSSI measurements. Additionally it would need to be investigated whether determining some requirement for the minimum RSSI measurement bandwidth would enable a viable and good enough solution. 
It should be noted that it is not currently excluded measuring RSSI in time domain and therefore implementation freedom should also be considered. As shown by the above results in order to minimize the impact, depending on the considered scenario, only minor increase in the BW is required to make the observed difference negligible. For example in the 10/2*5MHz case by just having an overlap of measured 6PRBs with the 5MHz bands will make the present problem negligible. Therefore using RSSI from time domain could potentially provide wide enough bandwidth for solving the presented problem also for 20/2*10MHz case. 

Based on the discussions in sections 2, 3 and 4 we propose to use a network indicated method combined with e.g. 1 or two triggering rules in the UE for controlling when the UE shall apply wider bandwidth RSRQ measurements. Network indication could be re-use of existing RRC signalling means combined with a network controlled threshold and/or cell detection status at given threshold.
Conclusion: we propose to use a network indicated method combined with e.g. 1 or two triggering rules in the UE for controlling when the UE shall apply wider bandwidth RSRQ measurements.

5. Conclusions
In this paper we have provided our views in RSRQ measurement bandwidth, on the need for performing wideband RSRQ measurement. We observed:

Observation 1: Which actual RSRQ measurement bandwidth necessary for providing accurate enough solution would need to be investigated.

Observation 2: it is possible by applying rather simplistic rules to ensure that UE is only mandated to perform wider bandwidth RSRQ measurements when needed.

Based on these observations we also analysed and provided a solution based on which it would be possible for the network to indicate when to potentially apply wider bandwidth RSRQ measurements as well as means for triggering them in the UE. 
Conclusion: we propose to use a network indicated method combined with e.g. 1 or two triggering rules in the UE for controlling when the UE shall apply wider bandwidth RSRQ measurements.

Finally we also raise the question which bandwidth would be appropriate bandwidth to be used when required to use wider bandwidth RSRQ measurements.
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Appendix A 

Scenario 1: 
Based on R4-120530 and R4-121025.
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Scenario 2:


[image: image5]
Appendix B. RSRQ definition from 36.214 

5.1.3

Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency
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