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Decision
1.

Introduction
RAN4 has for some time had an active discussion on the RSRQ measurement bandwidth triggered originally by [2]. Based on the agreed simulation assumptions in [1] simulation results have been provided by many companies.
In last paper [10] we summarized our observations made based on our earlier presented simulation results in which we – in addition to baseline simulations - have been considering more realistic scenarios. The results were based on simulations using a non-Zero power gap as well as a deployment scenario including more cells in the green tier. Additionally we described our initial view on a solution proposal for handling of the raised problem.

In this paper we present our solution proposal in further details – a solution which can be realized without need for changes to control signalling and thereby allows for early support in the field.
2. Summary of Simulation results
In our previous papers [3, 4, 5, 10] we have provided simulation results where we look at the problematic scenario using the agreed simulation assumptions in [1] under more realistic circumstances. In [3, 4] presented results in which we 1) used non-zero power in the band gap and in 2) in addition to non-zero power gap included additional cells in the green tier.

Based on these simulation results we observed that is not clear which (RSSI) measurement bandwidth would be enough to remove the problem. In [10] we came to following observation:
Observation 1: Which RSRQ or RSSI measurement bandwidth to use for providing accurate enough solution would need to be investigated.

Based on this observation we therefore find it important to evaluate the solutions, their complexity and their impact on the UE e.g. in form of increased complexity and power consumption, in order to limit the impact of applying wideband RSRQ/RSSI measurements.
Especially we find it very desirable to find a solution which does not require any signalling changes. This would allow early UE implementation and support of the solution, ensuring faster time to market for devices which can cope with the problem at hand.
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 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).
Analysing the very basics of the problem we notice that the measurement challenge problem arises when the UE is at the cell edge. Additionally the problem is present in those cases where the UE is not able to detect an 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.

This information can be exploited to limit the UE impact from supplying wider bandwidth RSRQ measurements as this information could be used to decide when wider bandwidth measurement are to be supplied and when this is not 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: By applying rather simple rules, it is possible to allow UE implementation freedom to preserve power, while mandating UE to perform wider bandwidth RSRQ measurements when it is needed.

It should be noted that 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.
Having UE to supply wideband RSRQ mandated only when required by system and under given conditions will provide a solution to the problem at hand in [1] and will ensure that the impact on the UE is limited by allowing possible UE implementation freedom to preserve power.
In next section we provide a solution proposal.

4. Discussion and Solution Proposal
We see it very desirable that the solution would be of low complexity and with limited UE impact. Also we find it very desirable if the solution can be realized without any need for signalling changes.

A solution based on available signalling and existing measurements would therefore be preferred. One such solution is outlined in [10] where network indication and simple rules are defined as to when the UE would need to apply wider bandwidth RSSI measurements used in RSRQ.
As the considered problem is most relevant in the more wider system bandwidths, requiring the UE to use wider RSSI measurement in RSRQ only when the existing AllowedMeasBandwidth indication exceeds certain predefined bandwidth. As the problem is limited to bandwidths equal or larger than 10MHz deployment cases we propose to use:

AllowedMeasBandwidth >= 10MHz

Thus RSRQ requirements would be changed so that in scenarios where the indicated AllowedMeasBandwidth equals or exceeds 10MHz the UE would be required to apply wider RSSI measurements in RSRQ.
Looking at the scenario, other conditions are relevant which can be used to limit the UE impact. One condition is whether the UE has detected a neighbour cells or not. Secondly the problem arises at cell edge which could be determined based on the observed RSRP. As the RSRP will not be affected the RSRP can be used in reducing the UE impact. Combining this information and to summarize we find the following information useful, in the decision making whether to provide wider bandwidth RSRQ measurements:

1) Network indication: AllowedMeasBandwidth >= 10 MHz
2) Serving cell RSRP level

3) Intra-F cell detection status

By using 2) and 3), which is existing information available in the UE, and applying the AllowedMeasBandwidth information from the network, it is possible to have a solution which is network controlled and provide RSRQ measurements with wider RSSI estimate when needed. In addition it will limit the UE complexity and impact both in terms of new features as well as power consumption. This solution does not need any signalling support and could be enforced through RAN4 requirements (and verified by tests).
Conclusion: we propose a solution which use a network controlled method by using AllowedMeasBandwidth indication from network, combined with triggering rule based on serving cell RSRP and intra-f neighbour cell detection status in the UE for controlling when the UE need to supply wider bandwidth RSRQ measurements.

Finally it would need to be investigated what would be the requirement for the minimum RSSI measurement bandwidth to ensure stable system operation.

As shown by our results [3] only a minor increase in the measurement BW is required to make the impact negligible. For example in the ‘10MHz serving with 2*5MHz interferer’ -case by just having an overlap of measured 6PRBs with the 5MHz bands will make the present problem negligible. 
5. Conclusions
In this paper we have provided further details on our solution proposal on how to handle the wider RSRQ measurement bandwidth. We provide a solution which does not need any signalling changes, is network controlled and in addition allows UE implementation freedom to preserve power.
Based on the solution proposal presented in this paper and based on the discussions in our earlier papers we conclude:
Conclusion: we propose a solution which use a network controlled method by using AllowedMeasBandwidth indication from network, combined with triggering rule based on serving cell RSRP and intra-f neighbour cell detection status in the UE for controlling when the UE need to supply 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:
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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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