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1 Introduction

In RRM ad hoc session during RAN4#45 in Jeju it was decided to perform system simulations to look at the advantage of RSRQ [1]. More specifically the goal of the study is to check if RSRQ in addition to RSRP is needed in some mobility scenarios. This paper provides some system scenarios and assumptions that can be used for this study. 

2 Mobility Scenario: IF Quality Based HO
The idea is to simulate a scenario where co-channel and/or adjacent channel interference could lead to poor downlink received quality and appropriate mobility decision e.g. IF HO, IRAT HO etc should be taken to prevent service degradation. 
This study is proposed to be restricted to IF HO. It should be noted that IF HO measurements are performed during idle gaps, which in turn are to be triggered by absolute levels (RSRP and/or RSRQ). It is important that these thresholds are carefully dimensioned to make sure that UE does not trigger absolute events pre-maturely i.e. the triggering should occur when overall interference is significant and would affect the received quality of the scheduled data. Due to triggering based on absolute levels the triggering decisions could be influenced by the type of measurement quantity used especially in the scenario where co-channel/adjacent channel interference starts to dominate significantly. On the other hand the handover decisions could be based on relevant comparison between serving and target cells’ RSRQ and/or RSRP.
Some practical examples of such interference scenarios are users located in high rise buildings [2], micro/pico/HNB or other in-building solution located in a macro cell.

The overall effect in such environment is that although the RS power received from the serving cell (e.g. RSRP) is within an acceptable range, the received downlink quality has significantly deteriorated leading to pre-mature loss of connection or/and throughput degradation. Thus it is important that in such scenario at least handover triggering and preferably also handover decisions rely on measurement quantities that would reflect signal strength and downlink received quality.
A precise and detailed scenario is not specified in this document instead interested companies are to develop their own model, which captures the effect of co-channel/adjacent channel interference deteriorating the downlink quality. 

2.1 IF HO Evaluation Criteria
In order to observe the benefit of RSRQ the following 3 different inter-frequency HO evaluation criteria should be studied for comparison purpose, i.e. performance should be observed independently using these three criteria.
· Criteria based on RSRP only: 

In this case the triggering of IF handover measurements and handover decisions are solely based on RSRP. 
· Criteria based on RSRQ only: 

In this case the triggering of IF handover measurements and handover decisions are solely based on RSRQ

· Criteria based on RSRP and RSRQ: 

In this case the triggering of IF handover measurements and handover decisions are based on both RSRP and RSRQ. By this we mean that gap-assisted measurements (i.e. on target HO) are triggered if either of the measurement quantities fall below their respective thresholds (i.e. if RSRP < RSRP_threshold OR RSRQ < RSRQ_threshold). Similarly the target cell is selected if RSRP and RSRQ from the target cell are better than those of the serving cell’s RSRP and RSRQ by their respective thresholds. In this scenario it is also important to check if there is ping-pong effect, which can be measured in terms of increased HO rates. 
3 Simulation Parameters and Modelling
Some parameters which are specific to the measurements are provided in table 1 below. As described above the actual cellular layout is not explicitly specified instead companies are to use scenario that could capture the effect of high downlink interference. 

Table 1: Recommended parameters 
	Parameters
	Value
	Comments

	Cellular layout
	
	Multiple cells with wrap around; layout which captures the effect of deteriorated downlink quality.

	L1 measurement period
	200 ms
	For intra-frequency RSRP and intra-frequency RSRQ perhaps longer L1 measurement period  for inter-frequency RSRP/RSRQ to allow filtering over measurement

	L3 filtering co-efficient (k)
	1, X
	Simulate for different values, where X is an appropriate value to be chosen. Note: k = 1 means no L3 filtering.

	System bandwidth
	10 MHz
	

	Frequency layers
	2
	Another simpler approach would be to use single frequency layer and observe the effect of throughput degradation due to delayed IF HO measurement triggering

	Measurement BW
	6 RB
	

	Gap length
	6 ms
	For performing IF measurements, i.e. after gaps are triggered based on absolute intra-frequency RSRP and/or RSRQ from the serving cell.

	Gap periodicity
	40, 120 ms
	

	Traffic 
	
	Full buffer


4 Performance Metrics
The potential performance metrics that can be used to compare the impact of three different criteria mentioned in section 2 are:
· User throughput: 

There can be an impact on user throughout if the downlink quality persists but handover is delayed. We believe this is the most relevant metric for this evaluation. 
· Number of call drops/dropping rate:

It might be interesting to look at this metric since call can be dropped if received user quality consistently remains below the desired quality. A suitable dropping criterion should be used in the simulation.
· Number of handovers/handover rate:
The number of handovers might not be very relevant metric for this study because more handovers might be needed to alleviate ‘high downlink interference’ situation. Although it might still be useful to look into this metric (especially for criteria based on RSRP and RSRQ) but in general we believe this might not be very reasonable metric for the comparison in these types of DL interference scenarios for the reason expressed above. 
Performance metrics in addition to those cited above could also be used for evaluating the benefit of RSRQ in this scenario.
5 Summary and Timeline
In this paper we have proposed some scenarios and assumptions to study the benefit of RSRQ in IF HO mobility scenario. Interested companies are requested to perform studies in this area and provide feedback in the next meeting in Feb (RAN4#46) so that RAN4 can further progress on the specification of UE measurement quantities.
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